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Abstract

The tobacco caterpillar, Spodoptera litura (Fab.) is a polyphagous pest on
agricultural and horticultural crops. Biological control is an effective and
sustainable alternative to insecticides for insect pest management. Now-a-days,
microbial compounds are used for the management of insect pests and they are
the good alternative to inorganic pesticides. The various microbial control agents
are obtained from the different microorganisms, actinomycetes specifically the
filamentous Streptomyces produce metabolites possessing insecticidal activity.
The Streptomyces is a Gram-positive multicellular bacteria and they possess
numerous secondary active metabolites. The soil samples were collected from
different locations in Kerala and Tamil Nadu states, India. Isolation of Streptomyces
was carried out by serial dilution of 10* and pour plating method. The
Streptomyces can be cultured in International Streptomyces Project 2 fermentation
broth. The Streptomyces sp. such as S. katrae (ST 1), S. acidiscabies (ST 3), S.
andamanensis (ST 5) and S. cerasinus (ST 7) were isolated from the soils of Kerala and
Tamil Nadu, India by 16S rDNA sequencing and matched with Streptomyces sp.
using NCBI BLAST program and were screened against 1% and 2" instar larvae of S.
litura. The strain S. katrae (ST 1) and a consortium of all the strains (ST 1+ST3+ST5+
ST 7) exhibited 66 -70% mortality of 1% instar larvae and 70-74% mortality of 2™
instar larvae of S. litura. The presence of secondary active metabolites in the ISP 2
fermentation broth exhibited strong larvicidal activities and these findings indicate
that the ISP 2 fermentation broth of S. katrae and the consortium possess the ability
to control the pest populations at the desirable level.
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Introduction

The tobacco caterpillar, Spodoptera litura (Fab.) was considered the most
devouring polyphagous pest of both field and horticultural crops including tobacco,
tomato, castor, cotton, okra, chilli, chickpea, cowpea, soybean, etc. (1, 2). The
larvae of  S. litura damage ranges from 80 to 100% (3, 4) and the crop damage
varies from 10-25% in the field (5, 6). The small-scale farmers followed the
conventional practices such as hand-picking of larvae, indiscriminate use of
insecticides, etc. (7).

Microorganisms are abundant in the ecosystem and present in diverse
forms than the organisms belonging to the higher order such as plants, animals,
etc. They possess a variety of metabolite compounds and are useful in medicine,
industries, agriculture, etc. Streptomyces is a gram-positive, filamentous,
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multicellular bacteria which comes under the category of genus
Actinomycetes. They possess both fungal and bacterial
characters (8, 9). The Streptomyces produce antibiotics of about
60% for agricultural use. The Streptomyces can be cultured in
fermentation broth; the purification and formulation of
insecticidal secondary metabolites were effectively used against
many insect pests. The active metabolites of Streptomyces play
a vital role in the management of S. litura (10) and are eco-
friendly in nature (11). The present study was aimed to evaluate
the efficacy of Streptomyces strains against S. litura.

Materials and Methods
Mass culturing of Spodoptera litura (Fabricius)

The 2™ instar larvae of S. litura were collected from a castor
field at Agricultural College and Research Institute, Killikulam
and were maintained on the semi-synthetic diet developed by
Tamil Nadu Agricultural University, Coimbatore. The 1% and 2™
instar larvae were used for testing the efficacy of Streptomyces
strains (12).

Diet impregnation assay

Lablab-based artificial diet was utilized for carrying out the
bioassay against the 1% and 2™ instar of S. litura by diet
impregnation assay. A quantity of 2 mL of artificial diet was
taken into insect-rearing vials and the diet was mixed with 800
uL of culture broth and dried inside a laminar airflow chamber.
After drying, pre-starved individual larvae were released in
each vial with an artificial diet. The bioassay was conducted for
individual effective strains as well as for the consortium of
effective strains. For each treatment, 3 replications with 10
larvae were maintained. The insect mortality was recorded at
12 hand 48 hintervals (13).

Leaf detached assay

The detached leaf bioassay was carried out with the help of
freshly collected castor leaves. Leaves were washed

Table 1. Effect of Streptomyces against S. litura by diet impregnation assay.
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thoroughly in normal water, followed by distilled water to
avoid the interference of the exudates released by the plant.
These leaves were dipped in 5 mL of the culture broth for 5 min
and allowed to dry. After drying, the leaves were placed in the
Petri plates and the 1% and 2™ instar larvae were released into
the plates. Pre-starved larvae were used for the bioassay. The
bioassay was conducted for individual effective strains as well
as for the consortium of effective strains. The experiment was
carried out with 3 replications and 10 larvae were used for each
replication. Observations were recorded periodically at 12 h
intervals (13).

% mortality was corrected by standard formula (14):

Number of dead larvae

% mortality = x 100
Number of larvae introduced

The data on mortality by different isolates were subjected
to ANOVA analysis. The % mortality was corrected by standard
formula. The mean values of different treatments were separated
by the least significant difference (LSD) between them (15).

Results and Discussion

The Streptomyces katrae (ST 1) showed a higher % of mortality
(70.00%) followed by S. acidiscabies (ST 3) (58.66%),
S. andamanensis (ST 5) (53.00%) and S. cerasinus (ST 7) (41.66%)
against 1% instar larvae of S. litura. The standard culture showed
55% mortality against 1% instar larvae whereas, in the 2" instar
S. katrae (ST 1) showed 74 per cent mortality followed by
S. acidiscabies (ST 3) (60.00%), S. andamanensis (ST 5) (52.33%)
and S. cerasinus (ST 7) (30.00 %) (Table 1). The standard culture
showed 51 % mortality against 2" instar larvae of S. litura. The
consortium of Streptomyces sp. ie. S. katrae (ST 1) +
S. acidisacbies (ST 3) + S. andamanensis (ST 5) and S. cerasinus
(ST 7) showed 71.66% mortality of 1% instar larvae of S. litura
(Table 2) whereas, in the 2™ instar larvae of S. litura, the

Treatments Isolates Mortality of S. litura (%)
1%t instar 2" instar
T1 Streptomyces katrae (ST 1) 70.00 (56.81)2 74.00 (59.39)2
T2 Streptomyces acidiscabies (ST 3) 58.66 (50.01)° 60.00 (50.77)®
T3 Streptomyces andamanensis (ST 5) 53.00 (46.73)° 52.33 (46.34)"
T4 Streptomyces cerasinus (ST 7) 41.66 (40.11)° 30.00 (39.21)¢
T5 Standard culture (S. griseus) 55.00 (47.88)° 51.00 (45.57)°
T6 Control 0.00 (0.29¢ 0.00 (0.29)¢
CD (0.05)=5.83 CD (0.05) =4.58
SEd =2.67 SEd=2.10
Cv=8.13 CV=6.39
Table 2. Effect of Streptomyces consortium against S. litura by diet impregnation assay.
Treatments Isolates Mortality of S. litura (%)
1t instar 2" instar
T1 ST1+ST3 64.33 (53.37)® 54.56 (47.62)¢
T2 ST1+ST5 55.00 (47.97)b< 58.11 (49.69)°
T3 ST1+ST7 61.67 (51.84)%¢ 58.33 (49.83)°
T4 ST3+ST5 53.00 (46.79)b< 45.67 (42.50)¢
T5 ST3+ST7 47.67 (43.66)< 51.00 (45.58)b
T6 ST5+ST7 42.00 (40.39)¢ 51.67 (45.97)b
T7 ST1+ST3+ST5+ST7 71.66 (54.80)2 72.00 (58.06)°
T8 Control 0.00 (0.286)¢ 0.00 (0.29)¢
CD (0.05) = 8.44 CD (0.05) =6.20
SEd =3.98 SEd=2.92
CV=11.40 CV=38.44
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consortium of Streptomyces sp. (ST + ST 3 + ST 5+ ST 7)
exhibited 72% of mortality by diet impregnation method (Table
2). The polyketide metabolite from isolated Streptomyces
strains showed antifeedant activities and larvicidal activities
against S. litura and Helicoverpa armigera (10). The
concentration of 1600 pg/mL with S. hydrogenans DH16 strain
showed adverse effects as larval, pre-pupal and pupal mortality
(16).

In the leaf detached assay, the isolate S. katrae (ST 1)
showed a higher % of mortality (66.00%) followed by
S. acidiscabies (ST 3) (60.33%), S. cerasinus (ST 7) (54.66%) and S.
andamanensis (ST 5) (51.67%). The standard culture exhibited
51.67% mortality of 1% instar larvae whereas, in the 2™ instar,
the strain S. katrae (ST 1) showed 70.00% mortality. The
isolates S. cerasinus (ST 7) (57.67%), S. andamanensis (55.00%)
(ST 5) and S. acidiscabies (ST 3) (45.00%) showed mortality
(Table 3). There was no mortality observed in the control. The
consortium of all the Streptomyces sp. (ST+ST 3 +ST5+ST 7)
recorded 71.66% mortality of 1% instar larvae of S. litura
(Table 4). The consortium of all Streptomyces sp. produced
72% mortality of 2 instar larvae of S. litura (Table 4).

The strain Streptomyces spp. ERI-04 was identified and
the obtained strain exhibited strong antifeedant and
antifungal activities against S. litura and H. armigera (17).
Three isolates of S. bacillaris (Krasilnikov) (CAI-155), S.
albolongus (Berdy) (BCA-698) and S. griseoplanus (Waksman)
(SAI-25) showed the entomopathogenic effects against the
early instar larvae of S. litura, H. armigera and Chilo
partellus Swinhoe with the mortality of 92 % for Extracellular
Metabolites (ECM), 77% for Intracellular metabolites (ICM) and
60% for Whole culture (WC) (13). The strain S
griseoplanus (Krainsky) SAI-25 showed activities such as 70%
antifeedant, 67% larvicidal and 59 % pupicidal mortality
against H. armigera (18).

Table 3. Effect of Streptomyces against S. litura by leaf detached assay.
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The results of diet impregnation assay and detached
leaf bioassay showed morphological abnormalities such as
blackened dead larvae, malformed pre-pupae and malformed
pupae at the concentration of 800 uL/mL due in the presence
of active metabolites in the Streptomyces fermentation broth.
The different concentrations of S. hydrogenans DH 16
exhibited abnormalities such as dead larvae, malformed pre-
pupae and pupae in different stages of S. litura (16). The
Streptomyces-treated larvae exhibited deformities in the head,
body, pupal case and wings and were also smaller in size (19).
At the concentration of 50 ppm, the S. avermitilis extract
showed morphological changes in treated larvae of S. litura
(20).

Conclusion

In the present study, S. katrae (ST 1) ISP 2 broth showed adverse
effects on the life stages of S. litura larvae at the concentration of
800 pL/mL where the larval mortality was about 70-74%. The
isolates S. andananensis (ST3), S. acidiscabies (ST 5) and
S. cerasinus (ST 7) exhibited 30-60% mortality in both diet
impregnation and leaf detached assay. There was no larval
mortality noticed in the control. The maximum mortality % was
observed on the 39 day of bioassay. As a result of diet
impregnation and detached leaf assay, morphological
abnormalities such as blackened dead larvae (Fig. 1), malformed
pre pupae and malformed pupae were observed in the treated
larvae at the concentration of 800 pyL/mL. The antifeedant
activities of larvae were also observed in the leaves treated with
Streptomyces sp. The entomopathogenic activity showing
Streptomyces sp. was confirmed by streaking the haemolymph of
the dead cadaver of infected S. litura larvae on the ISP 2 agar
plate. The results showed the presence of S. katrae (ST 1) by
small dotted colonies in the agar plates (Fig. 2). The active
metabolites in the ISP 2 broth from S. katrae, S. acidiscabies,

Treatments Isolates Mortality of S. litura (%)
1tinstar 2" instar
T1 Streptomyces katrae (ST 1) 66.00 (54.39)2 70.00 (56.79)2
T2 Streptomyces acidiscabies (ST 3) 60.33 (50.97)® 45.00 (42.04)°
T3 Streptomyces andamanensis (ST 5) 51.67 (45.96)° 55.00 (47.91)°
T4 Streptomyces cerasinus (ST 7) 54.66 (47.69)"° 57.67 (49.47)®
T5 Standard culture (S. griseus) 51.67 (45.96)° 45.67 (42.50)°
T6 Control 0.00 (0.29)¢ 0.00 (0.29)¢
CD (0.05)=4.38 CD (0.05) =8.77
SEd=2.01 SEd =4.02
CV=6.03 Cv=12.38
Table 4. Effect of Streptomyces consortium against S. litura by diet impregnation assay.
Treatments Isolates Mortality of S. litura (%)
1% instar 2" instar
T1 ST1+ST3 64.33 (53.37)® 54.56 (47.62)
T2 ST1+ST5 55.00 (47.97)b<d 58.11 (49.69)°
T3 ST1+ST7 61.67 (51.84)2c 58.33 (49.83)°
T4 ST3+STS5 53.00 (46.79)bd 45.67 (42.50)¢
T5 ST3+ST7 47.67 (43.66)< 51.00 (45.58)¢
T6 ST5+ST7 42.00 (40.39)¢ 51.67 (45.97)
T7 ST1+ST3+ST5+ST7 71.66 (54.80)2 72.00 (58.06)2
T8 Control 0.00 (0.286)¢ 0.00 (0.29)¢
CD (0.05) = 8.44 CD (0.05) =6.20
SEd =3.98 SEd=2.92
CV=11.40 CV=8.44

Plant Science Today, ISSN 2348-1900 (online)



ELANCHEZHYAN ET AL

Fig. 1. Blackened dead larvae of S. litura caused by S. katrae.

S. katrae

Fig. 2. S. katrae confirmation from larval haemolymph by streaking method.

S. andamanensis and S. cerasinus were toxic to the larvae, pupae
and pre-pupae at the concentration of 800 pL. Therefore, the
metabolites showed that they have the potential in pest
management to develop a new formulation.
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