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ABSTRACT  
 

Compost tea, showed toxicity effect against larvae of cotton leaf worms Spodoptera littoralis 
during ten days brewing time. Toxicity increased as brewing time increased up to 3 days then 
decreased gradually up to ten days of brewing. Inspection of compost tea indicated that there were 
twelve bacterial isolates, isolated from compost tea filtrate during the first three days of brewing 
which showed insecticidal activity against larvae of cotton leaf worms. Treatments which showed ≥ 
90 % mortalities considered be succeeded so five bacterial isolates, 244, 482, 483, 722 and 723 which 
showed the highest mortality effect (90 to 100%) considered be succeeded on cotton leaf worms. 
Separated cells from two isolates, 244 and 483, showed high insecticidal effect against cotton leaf 
worm, finally metabolites from another two bacterial isolates, 482 and 722 showed high insecticidal 
effect against cotton leaf worm. Bacterial isolates 244 and 283 identified as Klebsiella 
quasipneumoniae subsp. Similipneumoniae and the bacterial isolates 482 and 722 identified as 
Klebsiella pneumonia. Generally, it could be said that the toxicity of aerated compost tea against 
cotton leaf worm is related to its suitability for surviving some pathogenic bacteria which were 
effective either by bacterial cell or their metabolites (released toxins). Further studies needed to 
investigate the toxicity assays against various organisms and the field efficacy of compost tea and 
compost tea borne- isolates. 
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Introduction 

 
The cotton leaf worm, Spodoptera littoralis (Boisd) is a polyphagous pest active all around the 

year, attacking cotton as well as 29 hosts from other crops and vegetables in Egypt (Temerak, 2006). 
Cotton leaf worms are controlled by some environmentally-hazardous insecticides, however, these 
worms have the ability to develop relatively quick resistance to most conventional insecticides 
(Zahran, 2011). Microbial control agents, like using bacterial enemies, against dangerous pests such 
as S. littoralis, now receiving a great deal of consideration.  

Biological pesticides are one of the most promising alternatives over conventional chemical 
pesticides, which offers less or no harm environment and biota (Jisha et al. 2013).  It is a possible 
safer substitutes to reduce the use chemical insecticides (Hamed 1991; Zaki 1991; Zahran 2011). The 
use of these safe biological control agents has a number of ecological advantages (Sanchis and 
Bourguet, 2008), one of these advantages results from their high level of selectivity, since their 
infectious or lethal action is limited to few worm and insect species. 

Excessive consumption of chemical pesticides causes an imbalance of elements soil, increase 
hazard human and threat other organisms health. Organic pesticides not only have many economic 
and environmental benefits, but also can create and maintain stability in soil resources, increase long-
term production, and reduce environmental pollution. It has been shown that various organic 
amendments to soils, including manures and composts, can help to suppress plant pest populations 
and damage to plants growing in the amended soils (Chellemi 2002; Altieri and Nicholls 2003; 
Atkinsonetal 2004). 

Reports have demonstrated evidence of suppression of specific insect attacks by various forms 
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of organic amendments (Patriquin et al., 1995). Composts can suppress attacks by insect pests such as 
aphids and scales (Culliney and Pimentel 1986; Yardim and Edwards 1998; Huelsman et al., 2000). 
Ramesh, 2000 reported that field treatments with vermicomposts decreased the occurrence of leaf 
miner on groundnuts. 

The substitution rates of 20% and 40% vermicomposts significantly suppressed populations of 
both aphids and mealy bugs on peppers, and mealy bugs on tomatoes, (Arancon et al. 2005) There is 
increasing evidence that the use of compost extracts/teas can help farmers to reduce pesticide use and 
at the same time, maintain crop yield and maintain or improve crop quality through improvements in 
soil health and through direct and indirect control of pests and pathogens .Control of specific pests or 
diseases using, composts, or compost extracts/teas in conventional agricultural or horticultural 
systems has been equal to or better than that achieved with synthetic pesticides ( Litterick et al. 2004). 

Microbial pesticides became recognized in crop protection and insect vector control, they are 
natural disease-causing microorganisms such as viruses, bacteria, and fungi that infect or intoxicate 
specific pest groups (Khetan 2001). 

Bacteria B. thuringiensis ABG6104 and ABG6105, and their toxins, were highly effective 
against S. littoralis, commercial formulation of B. thuringiensis has a significant effect on the larvae 
of S. littoralis (Kamel et al. 2010). However, S. littoralis is developing resistance to many strains of 
B. thuringiensis, so, there is still a need to find new bacterial control agents against it (Salama et al. 
1989). Compost tea is an organic extract produced from composted organic matter and containing a 
diversity of naturally-occurring microbes and soluble macronutrients (Palmer et al. 2010). Compost 
tea is commonly used in organic agricultural practices, for foliar and soil-borne pathogen management 
and foliar and soil drenching fertilizing. The diverse microbial community associated with compost 
tea is widely attributed with pathogenic suppression via antagonistic interactions (e.g., antibiosis, 
parasitism and competition for colonization sites or nutrients) (Scheuerell and Mahaffee 2002; Al-
Mughrabi et al. 2008; Palmer et al. 2010). Compost tea contains macronutrients and metabolites that 
could potentially augment insect pests (Scheuerell and Mahaffee 2002; Pant et al. 2012).The impacts 
of application of foliar compost on microbial insect symbioses have not been evaluated.  

The current study is a laboratory evaluation to investigate the insecticidal effect of compost tea 
on cotton leaf worms Spodoptera littoralis. 
 
Materials and Methods 

  
1-Compost tea production: 
 
          Aerated compost tea produced by mixing compost with distilled water in ratio of 1:5 (w/v) and 
supplemented with 2% molasses for microbial growth stimulation and the entire contents were 
continuously aerated at room temperature with a fish tank bubbling pump for ten days, through this 
period, a part of compost mixture was taken every twenty-four hours and filtrated through cheesecloth 
then cotton, and the filtrate stored in freezer until use (Ibrahim 2008). 
 
2-Rearing technique of the cotton leaf worm, Spodoptera littoralis. 
 

 A stock culture of cotton leaf worm, Spodoptera littoralis (Boisd.) was obtained from a 
laboratory strain, maintained for several generations without any insecticidal or microbial pressure, at 
the plant protection department, Pesticide Unit, Desert Research Center, Egypt. The provided insects 
were used in our study. Egg-masses were reared on leaves of castor bean, Ricinus communis, 
according to El-Defrawi et al. (1964) under constant conditions: 26±1°C and 70±5% relative humidity 
(RH). Egg-masses were collected daily and kept in 90-cc plastic until hatching. 
 
3-Bioassay Technique of compost tea and selective compost tea-borne bacteria 
 

 Tests for the individual treatments were carried out using filtrate of different brewing times of 
compost tea. The use of leaf-dipping technique was carried out according to Abo El-Ghar et al., 
(1994) and El-Sheikh et al. 2013. Ten days of brewing time for compost tea were used to determine 
the bioactivity of compost tea and its selective borne bacteria against S. littoralis larvae, newly molted 
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third-instar larvae (≤ 1-day-old) were fed on castor bean leaves which had been treated with each 
treatment using a leaf-dipping technique. At least fifty larvae were used for each treatment in five 
replicates with 10 larvae per replicate. The larvae were placed in clear glass jars (400 ml) provided 
with treated leaves and covered by pieces of muslin (Abouelghar et al. 2013). Larval mortality was 
scored daily, larvae were considered as dead if no movement was observed. Larvae fed on leaves 
treated only with tap water served as control. Mortality percentages were examined after one, two and 
three days of treatments, and corrected using Abbott’s formula (Abbott 1925). 
 
4. Isolation of bacteria: 
 

One ml filtrate compost tea, at each selected brewing time, was added to 9 ml sterilized water, 
vigorously agitated, serial dilutions were prepared, and the different dilutions were plated on nutrient 
agar medium, and incubated at 30°C. Distinct bacterial colonies were picked up and streaked for 
purity, and maintained on nutrient agar medium. 
 
5. Preparing of bacterial cultures for bioassay 
 

Bacterial isolates 241, 242, 243, 244, 245, 482, 483, 721, 722, 723, 961, 962 and 963 were 
streaked on nutrient agar plates, to obtain single colonies for each isolate. The obtained single 
colonies were inoculated in nutrient broth medium, and incubated at 30 °C for 72 hours. After 
incubation the bacterial density was approximately 106 cfu/ml. To separate metabolites from bacterial 
cells, a centrifugation was made for bacterial cultures at 104 for 15 min, the metabolites suspension 
separated, and bacterial cells resuspend in deionized sterilized water for further bioassays.   
 
6. Identification of compost tea-borne bacteria 
 

Four bioactive selected compost tea-borne bacteria (244, 482, 483 and 722), based on their 
insecticidal activity had 16s rna sequencing identification by Centre for Environmental Studies and 
Consultation, Suez Canal University. 
 
Results  
 

1-Toxicity of compost tea filtrate against cotton leaf worm larval   stage under laboratory 
conditions.  

As general conclusion, it could be said that the toxicity against cotton leaf worm larval stage 
increased as exposure time increased. Also, the toxicity increased as brewing time increased up to 3 
days then decreased gradually up to 10 days. As shown in table 1 the toxicity effects of filtrate of 
brewing days 1, 2 and 3 were the most effective against larvae of cotton leaf worms, since they gave 
% mortalities > 90 % through 3 days exposure. The other brewing days (4, 5, 6, 7, 8, 9 and 10 days) 
gave a lower mortality against cotton leaf worms and gave a corrected mortality ≤ 50 .0% after three 
days as exposure times.  
 
Table 1: Toxicity of compost tea filtrate after different time of  brewing against cotton leaf worm larval stage 

under  laboratory conditions.    
  Exposure time (Days ) % corrected mortality  Brewing compost Tea (days) 

3 day 2 day 1 day  
95.0 80.0 60.0 1 

100.0 90.0 65.0 2 
100.0 100.0 80.0 3 
50.0 35.0 25.0 4 
43.0 38.0 20.0 5 
30.0 25.0 15.0 6 
30.0 25.0 20.0 7 
30.0 20.0 10.0 8 
25.0 22.0 20.0 9 
20.0 15.0 10.0 10 
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 The first three days of compost tea brewing time gave mortality percentages ≥ 95.0 % against cotton 
leaf worms through three days as exposure time, so more studies in toxicity and insecticidal effects 
had been done. 
 
2. Toxicity of compost tea-borne bacteria against cotton leaf worms.  
  

Data in table (2) showed the effect of twelve compost tea-borne bacteria isolated during the 
first four brewing days (1, 2, 3 and 4), coded as 242, 243, 244 and 245 from day one, 482 and 483 
from day two, 721, 722, 723 from day three and 961, 962 and 963 from day four. Bacterial isolates 
coded as 244 gave 100 % mortality followed by isolate 243 with mortality percentage 25.0, 30.0 and 
85.0 % through 1, 2 and 3 days' exposure time, respectively against cotton leaf worms, isolates 242 
and 245 gave the weakest insecticidal effect, that recording (0.0, 10.0 and 12.0 %) and (0.0, 0.0 and 
10.0 %) corrected mortality through 1, 2 and 3 days' exposure time, respectively, against cotton leaf 
worms. Isolates 483 and 482 were highly effective with corrected mortality (70.0, 100.0 and 100.0 %) 
and (60.0, 80.0 and 100.0 %) through 1, 2 and 3 days' exposure time. Isolate 722 gave the highest 
toxicity against cotton leaf worms with 100 % corrected mortality followed by isolate 723 recording 
(80.0, 85.0 and 90.0 %) mortality during 1, 2 & 3 days' as exposure times. Isolate 721 was very weak 
toxic (0.0, 0.0 & 18.0 %) during 1, 2 and 3 days' exposure time. Isolates 962 and 961 were not 
effective against cotton leaf worms, while isolate 963 gave weak record for three days with mortality 
percentages (10.0, 35.0 and 45.0 %) against cotton leaf worms (Table.2). 

From previous data, five bacterial isolates, 244, 482, 483 722 and 723, were chosen, according 
to its mortality effects (90 to 100 %) on cotton leaf worms, to make more toxicological studies against 
spodopterra litoralir. 

 
Table 2: Toxicity of bacterial isolate of compost tea against cotton leaf worm larval stage. 

Exposure time (Days )    
% corrected mortality 

Compos tea -borne 
bacteria 

Brewing time 
(days) 

3 day 2 day 1 day 
12.0 10.0 0.0 242  

1 85.0 30.0 25.0 243 
100.0 100.0 100.0 244 
10.0 0.0 0.0 245 

100.0 80.0 60.0 482 2 
100.0 100.0 70.0 483 
18.0 0.0 0.0 721  

3 100.0 100.0 100.0 722 
90.0 85.0 80.0 723 
0.0 0.0 0.0 961  

4 10.0 5.0 0.0 962 
45.0 35.0 10.0 963 

 

3. Toxicity of compost tea both bacterial cells and its metabolites against cotton leaf worm larval 
stage. 
 

Data given in table (3) showed the toxic action of separated metabolites and cells for selected 
bacterial isolates against cotton leaf worm insect. A significant level of mortality was found for most 
of bacterial isolates through three days' exposure period under laboratory conditions. 
 
3.1. Effects of bacterial cells 
 

The bioassay was conducted to estimate the potential activity of separated bacterial cells, free 
from metabolites, towards the cotton leaf worm. As shown in table (3), results indicated that isolate 
244 gave maximum toxicity with 100 % corrected mortality after 1-3 days' exposure time followed by 
isolate 483 with 64.0, 100.0 and 100.0 % corrected mortality and isolates number 723 with (55.0, 75.0 
and 85.0 %) against cotton leaf worm while isolates 482 and 722 showed the lowest toxicity since 
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they gave mortality rate from 10.0 to 28.0 % in 1-3 days' exposure period with (15.0, 25.0, and 28.0 
%) and (10.0, 13.0 and 16.0 %), respectively. 
 
3.2. Effects of bacterial metabolites 
 

From table (3), the effect of bacterial metabolites on mortality of S. littoralis larvae was 
significantly high. Bacterial metabolite of isolates 722 gave 100% mortality followed by metabolite of 
isolate 482 with corrected mortality percentage 75.0, 92.0 and 100.0% against cotton leaf worm 
through 1, 2 and 3 days' exposure period, respectively. Moderate effect on mortality percentage was 
observed when S. littura larvae were treated with bacterial metabolite of isolates 483 and 723 with 
corrected mortality (25.0, 46.0 and 70.0 %) and (30.0, 45.0 and 56.0 %), respectively, isolate 244 
gave the weakest effect with mortality percentage 5.0, 10.0 and 15.0 %, through 1, 2 and 3 days' 
exposure period. 

It should be mentioned that in case of bacterial cell which showed highest insecticidal effect 
(100 % after 3 days exposure) such as 244 and 483 isolates which their metabolites showed lowest 
effect, in the opposite of 482 and 722 isolates which their metabolites showed highest toxicity (100 % 
after 3 days exposure) their bacterial cells showed lowest effect.  
 
Table 3: Toxicity of bacterial cells and bacterial metabolites of compost tea against cotton leaf worm larval 

stage under laboratory conditions. 
Exposure time (Days ) % corrected  mortality  Compost tea 

isolates 
Brewing time 

(days) 
3 day 2 day 1 day 
100.0 100.0 100.0 Cells 244 1 
15.0 10.0 5.0 Metabolites 
28.0 25.0 15.0 Cells 482  

2 100.0 92.0 75.0 Metabolites 
100.0 100.0 64.0 Cells 483 
70.0 46.0 25.0 Metabolites 
16.0 13.0 10.0 Cells 722  

3 100.0 100.0 100.0 Metabolites 
85.0 75.0 55.0 Cells 723 
56.0 45.0 30.0 Metabolites 

 
4. Identification of compost tea-borne bacteria 
 
    From the previous data, isolates coded as 244, 482, 483 and 722, selected for identification 
according to its high mortality effects on S. littoralis larvae, four isolates identified by 16s rna 
sequencing identification as shown in table (4). The results showed that they had a high degree 
similarity of those at Gen Bank references strains (between 91% and 98%). 
 
Table 4: 16s rna sequencing isolates identification. 

Code Identification Similarity 
% 

244 Klebsiella quasipneumoniae subsp. similipneumoniae strain IF2SW-B3 16S 
ribosomal RNA gene, partial sequence 

95.0 

482 Klebsiella pneumoniae strain CAV1042, complete genome 97.0 
483 Klebsiella quasipneumoniae subsp. similipneumoniae strain IF2SW-B3 16S 

ribosomal RNA gene, partial sequence 
91.0 

722 Klebsiella pneumoniae strain 9 16S ribosomal RNA gene, partial sequence 98.0 

 
Discussion 
 

Previous studies indicated that various forms of organic matter applied to soils, may be able to 
decrease populations of arthropod pests and resultant crop damage (Patriquin et al. 1995). In 
laboratory experiments, composts have been shown to suppress populations and damage by arthropod 
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pests, such as aphids and cabbage white caterpillars (Arancon and Edwards 2004; Arancon et al. 
2005). Other researchers have reported that composts suppressed numbers of leafhopper, aphids and 
spider mites (Rao et al. 2001; Rao 2002). 

Phelan (2004), stated that plants grown with organic fertilizers are usually attacked by fewer 
arthropod pests, and can tolerate pest attacks more than plants that receive conventional fertilizers  
    Najafabadi (2014) revealed that compost tea without dilution (as we used it in our experiments) had 
a significant effect on the development, reproduction and population growth of Macrosiphum rosae, 
under laboratory conditions. 

In our results compost tea (filtrate) had toxicity effect on Spodoptera littoralis, from the first 
day brewing until the tenth day, but the highest effect was in the first three days brewing time as 
mentioned above. Eleven isolates from twelve, isolated during the first three days brewing of compost 
tea, showed suitable insecticidal effect against cotton leaf worm (Spodoptera littoralis). The most 
effective four isolates identified as Klebsiella. Certain strains of K. pneumoniae have been isolated 
from the roots of plants such as wheat, rice, and corn (maize), where they act as nitrogen-fixing 
bacteria.  Despite of some Klebsiella spp are not generally insect pathogens, and probably play roles 
in the digesting processes in the insect gut and in the physiological developments of S. littoralis 
larvae, according to Demir et al. (2002) and Ademolu and Idowu (2011), our results showed that, 
bacteria collected of different brewing times of compost tea, a Klebsiella species exhibited marked 
insecticidal activity against cotton leaf worm (the mortality induced by these bacteria reached 
100%).These results are in agreement with Nishiwaki et al. (2007) who mentioned that a Klebsiella 
species killed 80% or more cutworms (oriental, an agricultural pest, leaf worm moth, and also known 
as the cluster caterpillar, cotton leaf worm, tobacco cutworm, and tropical armyworm). Cakici et al. ( 
2014) also reported that Klebsiella species caused significant mortalities in S. littoralis larvae.  

In bacterial pesticides, bacteria acting as pest controllers, each of it contains specific target, like 
widely used strains of Bacillus thuringenesis or Bt and its subspecies, which mode of action generally 
is producing a protein that binds to the larval gut receptor which starves the larvae. Certain strains of 
plant root-colonizing Pseudomonas bacteria display insect pathogenicity, and thus could be 
formulated to extend the present range of bioinsecticides for the protection of crop plants against root 
feeding insects (Kupferschmied et al. 2013). Bacteria in insect biological control can be express 
insect-killing toxins or proteins (Li et al. 2005).    

Insecticidal activity is a result of a series of complex actions and counteractions between a 
toxicant and an insect’s tissues, these complex dynamics of toxicity can be simplified into three 
categories - penetration, activation (target site interaction) and detoxification (Sun 1968), toxicant 
penetrate the insect’s integument as well as the membranes of target organs, but some portion of it 
may be metabolized and neutralized by evolutionally-developed insect defense mechanisms before 
reaching the target site(s), ultimately, the amount of toxicant reaching the target site will determine 
the toxicity of the insecticide (Tak and Isman 2015). 

Biopesticide research is still going on and further research is needed in many aspects, and 
insecticides from microorganisms extend a unique chance to developing countries to research, and 
they have possessed to develop natural biopesticide resources in protecting crops.  

Our results suggest that compost tea and the microorganisms associated with, promote the death 
of cotton leaf worm, and represent insecticidal activity, and with respect to the biocontrol potential of 
the bacterial isolates, the other isolated bacteria associated in brewing of compost tea, which showed 
insecticidal activity, might be need further future work and identification. Further studies should 
include investigation of the, toxicity assays against various organisms, predisposition of the isolates in 
terms of mass production, formulation studies and finally the field efficacy of compost tea and 
isolates.  
 

Conclusion 
 
    As a general conclusion, it could be said that the three brewing days of compost tea (1, 2 & 3 days) 
and bacterial isolates: 244, 482, 483 and 722 which separated from aerated compost tea are suitable 
for controlling larval stage of cotton leaf worm and could be used as alternatives of conventional 
insecticides.  
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