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Population ecology and economic 
thresholds‑based time series for climate smart 
pest management of Spilosoma obliqua Walker 
(Lepidoptera: Arctiidae) on three sesame 
cultivars
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Abstract 

Background:  Sesame (Sesamum indicum L.) is a widely used oil seed crop throughout the world but its productiv-
ity is extremely low due to use of low yielding cultivars as well as biotic stress for the major pest Spilosoma obliqua 
Walker. But even today, farmers generally use broad-spectrum synthetic pesticides for their management injudiciously 
without considering any economic threshold (ET) limit and creates ecosystem crisis. So, time-based ecologically 
sustainable management of the said pest and selection of a superior cultivar of sesame was studied by stage-specific 
two-sex pooled life table and nutritional ecology of  S. obliqua on three sesame cultivars (Rama, Shubhra and Amrit) 
along with their economic thresholds (ETs) in 2019.

Results:  The nutritional ecology and population dynamics of S. obliqua were significantly affected by the host phyto-
constituents in terms of host suitability or susceptibility (Rama > Shubhra > Amrit). The mean EIL and ETL for S obliqua 
was 36.316 ± 3.911 and 33.243 ± 2.734 pests/m2, respectively on cv. Rama that were significantly (F2,6 = 5.421–5.435; 
P ≤ 0.042) lower than Shubhra and Amrit. For a single pest per m2 (30 ± 2 plants/m2) the possible time that can be 
taken to reach EIL (Ti) and ETL (Tt) were 39.132 ± 3.969 and 38.132 ± 3.969 days, respectively on cv. Rama which were 
also significantly (F2,6 = 26.551; P = 0.001) lower than the other cultivars. The seed yield and benefit cost ratio (BCR) 
were 857.099 ± 0.000 (Kg/ha) and 0.607 ± 0.000, respectively for cv. Rama that were significantly (P < 0.05) lower than 
the others.

Conclusions:  It will enable growers to find the most preferred cultivar (Rama > Shubhra > Amrit) based on BCR values 
irrespective of their biotic resistance (Rama < Shubhra < Amrit) due to host antibiosis. Even, the ETs-based time series 
for judicious management of the pest along with carbon sequestration efficiency (CSE) will also support superiority of 
the cultivars (Rama > Shubhra > Amrit) towards climate smart pest management (CSPM) of sesame and or other such 
crops in near future.

Keywords:  Spilosoma obliqua, Sesamum indicum, Cultivars, Nutritional ecology, Population dynamics, 
Phytoconstituents, CSPM
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Background
Sesame (Sesamum indicum L., Family: Pedaliaceae, 
2n = 26) is a widely used oil seed crop throughout the 
world and cultivated mainly in tropics and subtropics 
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for its edible seeds with highest oil content (Chongdar 
et al., 2015; Dar et al., 2014). India is the world’s largest 
producer and exporter of sesame in the world (Kale et al., 
2018; Naik et al., 2016). In West Bengal several cultivars 
(Rama, Savitri, Tillotama, Nirmala, Shubhra, Amrit, Pra-
chi, Kalika, Vinayaka, Uma, JLT-408, etc.) of sesame is 
cultivated (Chongdar et  al., 2015; Dar et  al., 2014; Kale 
et al., 2018). But its productivity is extremely low due to 
several yield limiting biotic and abiotic factors including 
use of low yielding varieties (Chongdar et al., 2015; Kale 
et al., 2018; Naik et al., 2016). Among the biotic stresses 
insect pests are the major constraints and limiting yield 
potential of sesame like other economic crops through-
out the world (Biswas, 2006; Nath, 1975). Bihar hairy 
caterpillar (BHC) of Spilosoma obliqua Walker (Syn. 
Diacrisia obliqua) (Lepidoptera: Arctiidae) is considered 
as a generalist pest on several crops including sesame in 
India and elsewhere (Bhadauria et al., 2001; Biswas, 2006; 
Gotyal et  al., 2015; Singh & Varatharajan, 1999; Vara-
tharajan et al., 1998). The larvae feed voraciously and act 
as a serious pest of sunflower (Varatharajan et al., 1998), 
sesame (Biswas, 2006), jute (Gotyal et  al., 2015), black 
gram (Mandal et al., 2013), green gram (Mobarak et al., 
2019). So, timely management of this notorious pest 
is very important as delay may lead to complete defo-
liation of crop and havoc economic loss (Gotyal et  al., 
2015). But unfortunately, even today, farmers generally 
use broad-spectrum synthetic pesticides and some biora-
tionals for their management injudiciously for even a sin-
gle pest observation without considering any economic 
threshold (ET) limit or irrespective of pest population 
growth rate (Carvalho, 2017; Damalas & Koutroubas, 
2018; Gotyal et  al., 2015; Mohapatra & Gupta, 2018; 
Nagiaet al., 1990; Parui & Roy, 2016). These result into 
secondary pest outbreak, pest resurgence, development 
of pesticide resistance and emergence of new pest bio-
types, which ultimately leads regulatory complications 
in the agro ecosystem (Carvalho, 2017; Kang, 2019; Kim 
et al., 2017; Ndakidemi et al., 2016). To face this ecosys-
tem crisis, population dynamics, nutritional ecology 
and ET-based time specific sustainable management 
are very crucial (Carey, 1993; Chen et al., 2017; Dutta & 
Roy, 2016; Heeb et  al., 2019; Mobarak et  al., 2019; Roy, 
2015a, 2015b, 2017, 2019; Southwood, 1978; Subedi et al., 
2019). There is another alternate safe strategy for limit-
ing herbivore by the selection of high yielding resistant 
varieties (Wolfenberg & Phifer, 2000; Dar et  al., 2014; 
Mobarak et al., 2019). But the selection of such resistant 
varieties depends on their resistance mechanisms (antix-
enosis, antibiosis and tolerance) against pests (Golizadeh 
& Razmjou, 2010). Among these mechanisms antibiosis 
is the most important and depends on host phytocon-
stituents which actually play a vital role in pest feeding 

preference and population dynamics by affecting imma-
tures as well as adult performance (Applebaum, 1985; 
Awmack & Leather, 2002; Dicke, 2000; Roy, 2019; Roy 
& Barik, 2012, 2013; Schoonhoven et al., 2005; Shobana 
et al., 2010; Slansky & Scriber, 1985).Thus, till date host 
photochemical mediated pest population ecology for 
crop cultivar selection are exceptionally rear (Golizadeh 
& Razmjou, 2010; Karimi-Pormehr et al., 2018; Mobarak 
et al., 2019; Naseri et al., 2014). But, till date none of the 
studies has been performed with S. obliqua on different 
sesame cultivars using life table and nutritional ecol-
ogy-based economic threshold determination. Thus, my 
objectives of the present study were to (i) find the phy-
tochemical basis of resistance in selected sesame culti-
vars against S. obliqua by their food utilization efficiency 
measures, (ii) determine the influence ofthe cultivars on 
population parameters of S. obliqua to suggest suitabil-
ity or susceptibility of cultivars including their economic 
profit, (iii)determine the appropriate ETs and respective 
time series by using pest density from the field, economic 
attributes beyond the field and their population param-
eters on the sesame cultivars along with their carbon 
sequestration efficiencies (CSE)for climate smart pest 
management (CSPM).

Methods
Series of field and laboratory experiments were con-
ducted during 2019 to study the feeding dynamics and 
population ecology-based economic threshold (ET) 
calculation of S. obliqua on the three cultivars (Rama, 
Shubhra and Amrit) of sesame.

Host plants
Three well-known Sesame (Sesamum indicum L) cul-
tivars, i.e., Rama, Shubhra and Amrit (Chongdar et  al., 
2015; Dar et  al., 2014; Kale et  al., 2018) were cultivated 
and collected from a selected field situated near Chin-
surah Rice Research Center (CRRC), Chinsurah, 22°53’ 
N, 88°23’ E, 13  m above sea level, Hooghly, West Ben-
gal, India, during summer season (February to June) in 
2019. The plots [each plot 5 m × 5 m; plot gap 0.5 m, soil 
organic matter 5.3 ± 0.2%, pH 7.7, photoperiod 13 L:11 
D at 30–35  °C] were prepared for cultivation of three 
sesame cultivars (Rama, Shubhra and Amrit) with three 
replications including control (without any insecticide) 
side by side near CRRC. A space of 1 m was kept for cul-
tivation of another sesame cultivar and they were natu-
rally infected by S. obliqua during early May in the field 
and the pests were collected separately for their mass 
culture. For insect free plants, each sesame cultivar was 
also grown by pot (16  cm upper radius × 8  cm lower 
radius × 24  cm height, 2500 cm3 soil) culture protected 
by insect net and was grown in natural condition as in 
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the field. Mature leaves of 4–5 week old plants from each 
cultivar was collected separately from the pot cultured 
plants for phytochemical analysis as well as provided as 
food for S. obliqua neonates. The plants were also iden-
tified and voucher specimens (Voucher No. ERU21-23) 
were kept in Department of Zoology, Ecology Research 
Unit, M.U.C. Women’s College, Burdwan, West Bengal, 
India.

Insect mass culture
The initial populations of S obliqua larvae were collected 
from each sesame cultivar separately from the same cul-
tivated fields. The larvae were incubated in the laboratory 
at 26 ± 1  °C, 60 ± 5% RH and a photoperiodism of 12:12 
(L:D) on intact mature leaves of the selected cultivars 
separately in glass jars (20 cm dia. × 30 cm ht.) until their 
pupation. After emergence of adults from the reared pupa 
6 pairs of newly emerged male and female was placed in 
an oviposition case (50 cm dia. × 40 cm ht.) of fine nylon 
net containing the same mature leaves of each cultivar for 
their oviposition to obtain same aged eggs of S obliqua as 
previously described (Roy, 2017, 2018, 2019; Roy & Barik, 
2012, 2013, 2014). On each cultivar, newly laid eggs by 
the F3females were collected in order to obtain the same 
aged eggs of defined cohort (n = 100) for the selected cul-
tivars (Rama, Shubhra and Amrit) with three replications 
at same conditions in a growth chamber [ten eggs in a 
glass jar (20 cm dia. × 30 cm ht.)] for three generations to 
study the pest population ecology as described previously 
(Roy, 2017, 2018, 2019). The feeding dynamics of the 
neonates and population data throughout their life cycle 
were recorded separately on the selected sesame cultivars 
as in my previous studies (Roy, 2015a, 2015b, 2019).

Phytochemical analysis
The sesame leaves of the selected cultivars (Rama, 
Shubhra and Amrit) were freshly collected from the pot 
cultured plants. The leaves were initially rinsed with dis-
tilled water and dried by paper towelling separately for 
phytochemical analysis. They were extracted in different 
solvents for primary and secondary metabolitesas well 
as estimated by various standard protocols (Harborne, 
1973, 1994) as in Roy and Barik (2012, 2013) as well as 
Roy (2015a, 2015b, 2017, 2019). Determination of each 
biochemical analysis was repeated for three times and 
expressed in dry or fresh weight basis accordingly.

Feeding dynamics
Feeding ecology was conducted by taking the F4 newly 
emerged first instar larvae in the laboratory condition 
up to three generations (F4–F6) on respective selected 
sesame cultivars(Rama, Shubhra and Amrit) separately as 
described in previous experiments (Roy, 2017, 2019; Roy 

& Barik, 2013). Larvae were placed in a glass jar (20 cm 
dia. × 30 cm ht.) containing leaves of a particular sesame 
cultivar. The larvae were weighed initially and allowed to 
feed on the weighed quantity of leaves from each cultivar 
for 24  h interval and were reweighed for determination 
of different conversion factors along with feeding indices. 
Food utilization indices were calculated by the formulae 
of Waldbauer (1968) with slight modifications (Roy & 
Barik, 2013; Roy, 2015a, 2015b, 2017) to assess the feed-
ing efficiencies of the Bihar hairy caterpillar (BHC) of S 
obliqua at 26 ± 1  °C, 60 ± 5% RH and a photoperiodism 
of 12:12 (L:D) hours in a growth chamber as described 
previously in other cases (Roy, 2017, 2019). All the feed-
ing indices like, growth rate (GR), consumption rate 
(CR), relative growth rate (RGR), consumption index 
(CI), egestion rate (ER), host consumption rate (HCR), 
approximate digestibility (AD%), efficiency of conver-
sion of ingested food (ECI%), efficiency of conversion 
of digested food (ECD%) and host utilization efficiency 
(HUE%) including feeding index (FI), growth index (GI) 
and pest susceptibility index (PSI) were estimated (Addi-
tional file 1: Table S1).

Life table study
The data on survival, developmental duration and ovi-
position of all individuals on the selected three sesame 
cultivars (Rama, Shubhra and Amrit) were analyzed 
separately based on age-stage, two-sex life table (Chen 
et al., 2017; Chi & Su, 2006; Roy, 2017, 2019). It includes 
several parameters, which were calculated with the for-
mulae of Southwood (1978), Carey (1993, 2001), Krebs 
(1994), Price (1998) and Kakde et  al. (2014). These 
parameters include probability of survival from birth to 
age x (lx), proportion dying each age (dx), mortality (qx), 
survival rate (sx) per day per age class from egg to adult 
stages (Additional file  1: Table  S2). Using these param-
eters, the following statistics like total individuals at age x 
and beyond k (Tx), average population alive in each stage 
(Lx), life expectancy (ex), exponential mortality or killing 
power (kx), total generation mortality (K or GM), gen-
eration survival (GS), gross reproductive rate (GRR), net 
reproductive rate (NRR or R0), mean generation time (Tc), 
doubling time (DT), intrinsic rate of population increase 
(rm), Euler’s corrected r (rc), finite rate of population 
increase (λ), weekly multiplication rate (λ7), increase rate 
per generation (λTc), were also computed, using Carey’s 
formulae (1993). Some other population parameters like 
potential fecundity (Pf ), total fertility rate (Fx), mortality 
coefficient (MC), population growth rate (PGR), popu-
lation momentum factor of increase (PMF), expected 
population size in 2nd generation (PF2), Hypothetical 
females in 2nd generation (HFF2), expected females in 
2nd generation (FF2), general fertility rate (GFR), crude 
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birth rate (CBR), reproductive value (RV), vital index (VI) 
and trend index (TI) were also determined by using well 
defined formulae (Brich, 1948, Southwood, 1978, Carey, 
1993, Roy, 2019) (Additional file 1: Table S2).

Field experiment
A field experiment was conducted in 2019by grow-
ing selected three sesame cultivars(Rama, Shubhra and 
Amrit) in randomized block design (RBD) to deter-
mine the population dynamics and nutritional ecology-
based economic threshold (ET) of BHCs of S obliqua as 
described earlier workers with few modifications (Naik 
et  al., 2016; Parui & Roy, 2016; Roy, 2019). The experi-
ment was done by using a small land area (10 katha or 
670 m2) near CRRC with 3 replications for both control 
and treated plots (5  m × 5  m) as described above with 
average plant density of 30 ± 2 plants/m2. The data from 
the same sesame field was collected for determination 
of ETs of BHC of S obliqua on the cultivars (Additional 
file 1: Fig. A, B). The yield potential of the selected culti-
vars were observed over a traditional synthetic pesticide, 
Triazophos 40 EC (@ 40gm a.i/ha), along with control 
(without pesticide) side-by-side (Mohapatra & Gupta, 
2018; Parui & Roy, 2016).

Yield loss and ET calculation
From seed showing to harvest of the selected sesame 
cultivars (Rama, Shubhra and Amrit),the occurrences 
of BHC(s) of S obliqua were recorded by random quad-
rat sampling (RQS) from each treated and control plots 
(Parui & Roy, 2016)[47]. Calculation of economic injury 
level (EIL) for S obliqua according to the methodology 
proposed by Pedigo et al. (1986) expressed as numbers or 
injury equivalents (Additional file 1: Table S3). The eco-
nomic threshold (ET) is the population density at which 
control action should be determined (initiated) to pre-
vent an increasing pest population (injury) from reaching 
the EIL (Pedigo & Buntin, 1994; Pedigo & Higley, 1992). 
On the basis of BHC infestation and the efficacy of the 
traditional synthetic pesticide were determined in terms 
of yield damage reduction (%), proportion of insect con-
trolled (%) and percent yield loss per pest per plant (%) 
along with the management costs (CC) for the calcu-
lation of EIL, ETL, time to reach the EIL (Ti) and ETL 
(Tt) when a plant was infested by a single pest in the field 
(Higley & Wintersteen, 1992; Pedigo & Higley, 1992; Roy, 
2019). A time series was also calculated up to reach the 
ETL from population growth data. The benefit cost ratio 
(BCR) was also determined (Chongdar et  al., 2015) to 
find the seed production efficiency as well as resistance 
of the selected cultivars against S obliqua as the sole pest 
infestation (Additional file 1: Table S3). The organic bio-
mass production and carbon sequestration efficacy (CSE) 

of the selected cultivars were also determined (Addi-
tional file 1: Table S3) for climate smart agriculture (CSA) 
to mitigate the climate change (Albrecht & Kandji, 2003; 
Aryal et al., 2018; Chhetri et al., 2017; Heeb et al., 2019; 
Kang, 2019; Lal, 2008, 2011; Wang, et al., 2016).

Statistical analysis
Experimental data of different phytoconstituents of the 
selected sesame cultivars (Rama, Shubhra and Amrit) and 
the pest (S obliqua) population parameters along with 
their feeding indices were subjected to one-way Analysis 
of Variance (ANOVA), regression analysis and correla-
tion analysis (Parui & Roy, 2016; Roy, 2017, 2018, 2019; 
Zar, 1999).The RQS data of the selected cultivars from 
the field with ETL values of the pest were also analyzed 
using one-way ANOVA (Roy, 2019; Zar, 1999). Means of 
different phytochemicals of the cultivars, demographic 
parameters and different feeding indices of the pest along 
with ETL related values were compared by Tukey’s test 
(HSD) when significant values were obtained (Roy, 2017; 
Zar, 1999). All the statistical analysis was performed by 
using SPSS, version 16.0 (Roy, 2017, 2018, 2019).

Results
Host phytochemicals
The biochemical constituents of the selected sesame 
cultivars (Rama, Shubhra and Amrit) were presented 
in Fig.  1a, b. The primary metabolites were varied sig-
nificantly (F2,6 ≥ 7.962; P < 0.05) in the selected ses-
ame cultivars (Rama > Shubhra > Amrit) whereas 
the secondary metabolites were reverse in the culti-
vars (Rama < Shubhra < Amrit) also with significant 
(F2,6 ≥ 8.432; P < 0.05) variations (Fig.  1[a]). Total car-
bohydrate and protein contents were 54.320 ± 0.443, 
50.677 ± 0.422, 49.130 ± 0.321, and 10.520 ± 0.434, 
6.877 ± 0.312, 5.330 ± 0.348ug/mg dry weight, respec-
tively, in the selected cultivars (Fig. 1[a]). The lipid con-
tent was9.120 ± 0.335, 5.477 ± 0.367, 4.237 ± 0.321 
ug/mg dry weight, respectively, in the cultivars 
(Fig.  1a). Total free fatty acids and amino acids were 
29.260 ± 0.452, 25.617 ± 0.432, 24.070 ± 0.432, and 
8.950 ± 0.387, 5.307 ± 0.365, 3.760 ± 0.343  mg/100  g 
fresh weight, respectively, in the selected sesame cul-
tivars (Rama > Shubhra > Amrit) with significant 
(F2,6 ≥ 8.672; P < 0.05) variations (Fig.  1b). Among the 
secondary metabolites total phenol and phytate con-
tent were10.500 ± 0.423, 14.157 ± 0.457, 15.397 ± 0.412 
and 3.140 ± 0.323, 7.997 ± 0.347, 9.337 ± 0.312ug/
mg dry weight, respectively (Fig.  1a). The other sec-
ondary metabolites were also present similarly 
(Rama < Shubhra < Amrit) in the selected cultivars 
(Fig.  1a). Ultimately, the ratio of primary to second-
ary metabolites was significantly (F2,6 ≥ 9.452; P < 0.05) 
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higher in Rama cultivar followed by Shubhra and Amrit 
(Rama > Shubhra > Amrit).

Feeding dynamics
The food utilization indices was calculated on the 
selected sesame cultivars (Rama, Shubhra and Amrit) 
only for the larvae (I-VI instars) of S obliqua as they 
solely responsible for defoliation (Additional file  1: 
fig. A, B) and which ultimately lead to the variation in 
total life history as well as population parameters. The 

average food utilization efficiency of the instars (I-VI) 
displayed variations with different pattern of signifi-
cance (F5,17 ≥ 13,289.732; P < 0.0001) on the selected cul-
tivars (Table  1). The average GI (%) was 3.885 ± 0.031, 
3.744 ± 0.063 and2.176 ± 0.114, respectively, for the 
cultivars (Rama > Shubhra > Amrit) and was var-
ied significantly (F2,6 = 10.017; P = 0.012) (Table  1). 
Whereas, the average PSI (%) was 50.451 ± 3.871, 
62.838 ± 2.904 and 75.226 ± 1.936, respectively, for the 
cultivars (Rama < Shubhra < Amrit) and was also varied 

(a)

(b)
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Fig. 1  Phytochemical variations (Mean ± SE of 3 observations /cultivar) in a (μg/mg dry weight) and b (mg/100g fresh weight) of the selected 
sesame (S. indicum) cultivars (Rama, Shubhra and Amrit) cultivated during summer season in 2019. All the estimated chemicals significantly differed 
at P < 0.005 by Tukey’s (HSD) test
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significantly (F2,6 = 16.946; P = 0.003) (Table  1). Thus, 
the feeding indices represent different biotic resistance 
(Rama < Shubhra < Amrit) and or susceptibility of the cul-
tivars (Rama > Shubhra > Amrit) to the defoliator (S obli-
qua) due to their respective phytoconstituents (Fig.  1a, 
b).

Population dynamics
The stage-specific two-sex pooled life table of S obliqua 
were investigated in the laboratory with three replica-
tions on mature leaves of the selected sesame cultivars 
(Rama, Shubhra and Amrit) during 2019 and showed 
four distinct stages (i.e., egg, larva, pupa and adult) with 
six larval instars (Tables  2, 3, 4, 5 and 6). The cohorts 

(3 × 3 = 9) containing 100 eggs each on the three sesame 
cultivars (Rama, Shubhra and Amrit) were reared sepa-
rately to determine their different population parameters. 
The demographic data of S obliqua represent similar pat-
tern of development with significant variations (P < 0.05) 
in different developmental stages on the selected sesame 
cultivars (Tables 2, 3, 4, 5 and 6). The population param-
eters like, lx, Lx, Tx and ex of S obliqua were gradually 
decreased throughout their developmental stages with 
significant (P < 0.05) variations on the selected cultivars 
in the order of Rama > Shubhra > Amrit (Tables 2, 3 and 
4) and they always produce type-III survivorship curve 
like most of the insects. Whereas, the dx, qx and kx were 
varies in different developmental stages with significant 

Table 1  Average feeding efficiencies (Mean ± SE of 3 observations) of S. obliqua Walkar neonates (instar I-VI) on the selected sesame 
(S. indicum) cultivars (Rama, Shubhra and Amrit) cultivated in 2019

Within the rows means followed by same letter(s) are not significantly different at P < 0.05 by Tukey’s (HSD) test along with F values (ANOVA)

Parameter Rama Shubhra Amrit F5,17 Sig

GR (mg/day) 28.825 ± 0.098a 29.559 ± 0.103 28.932 ± 0.100a 72,089.445  < 0.001

CR (mg/day) 78.661 ± 0.113 76.956 ± 0.109 80.655 ± 0.121 87,815.609  < 0.001

RGR (mg/day) 5.327 ± 0.019 5.184 ± 0.091 5.249 ± 0.019 15,103.875  < 0.001

CI (mg/day) 14.536 ± 0.080 13.497 ± 0.077 14.632 ± 0.081 13,289.732  < 0.001

AD (%) 68.641 ± 0.054a 67.095 ± 0.060 68.988 ± 0.053a 17,376.226  < 0.001

ECI (%) 36.645 ± 0.072 38.410 ± 0.080 35.871 ± 0.070 99,493.329  < 0.001

ECD (%) 53.387 ± 0.147 57.247 ± 0.170 51.997 ± 0.141 39,507.083  < 0.001

HUE (%) 76.127 ± 0.031a 75.242 ± 0.034 76.329 ± 0.031a 17,676.634  < 0.001

ER (mg/day) 4.558 ± 0.017 4.441 ± 0.017 4.538 ± 0.017 547,250.276  < 0.001

HCR (mg/day) 19.095 ± 0.098 17.938 ± 0.094 19.170 ± 0.099 21,928.788  < 0.001

Parameter Rama Shubhra Amrit F2,6 Sig

FI 0.012 ± 0.000 0.011 ± 0.000 0.010 ± 0.000 7.818 0.021

GI 3.885 ± 0.031 3.744 ± 0.063 2.176 ± 0.114 10.017 0.012

PSI% 50.451 ± 3.871 62.838 ± 2.904 75.226 ± 1.936 16.946 0.003

Table 2  Stage-specific pooled life table (Mean ± SE of 3 observations) for 3 cohorts (n = 100) of S. obliqua Walker on sesame (S. 
indicum) variety: Rama cultivated during 2019

Within the column means followed by same letter(s) are not significantly different at P < 0.05 by Tukey’s (HSD) test

Stage lx dx qx sx Lx Tx kx ex

Egg-0 1.000 ± 0.000 0.112 ± 0.003 0.112 ± 0.003a 0.888 ± 0.003a 0.944 ± 0.002 7.260 ± 0.082 0.052 ± 0.002a 7.260 ± 0.082

lnst- I-1 0.888 ± 0.003 0.034 ± 0.001a 0.039 ± 0.001b 0.961 ± 0.001b 0.870 ± 0.004 6.316 ± 0.080 0.017 ± 0.001b 7.116 ± 0.063

lnst-II-2 0.853 ± 0.004 0.034 ± 0.001a 0.040 ± 0.001b 0.960 ± 0.001b 0.836 ± 0.005 5.446 ± 0.076 0.018 ± 0.001b 6.383 ± 0.057

lnst-III-3 0.819 ± 0.005 0.044 ± 0.001b 0.053 ± 0.002c 0.947 ± 0.002c 0.797 ± 0.006 4.610 ± 0.071 0.024 ± 0.001c 5.630 ± 0.050

lnst-IV-4 0.775 ± 0.007 0.047 ± 0.001b 0.060 ± 0.002 0.940 ± 0.002 0.752 ± 0.007 3.813 ± 0.065 0.027 ± 0.001 4.919 ± 0.042

lnst-V-5 0.728 ± 0.008 0.037 ± 0.001a 0.052 ± 0.002c 0.948 ± 0.002c 0.709 ± 0.009 3.062 ± 0.058 0.023 ± 0.001c 4.203 ± 0.033

lnst-VI-6 0.691 ± 0.009 0.059 ± 0.002 0.086 ± 0.004 0.914 ± 0.004 0.661 ± 0.010 2.352 ± 0.049 0.039 ± 0.002 3.405 ± 0.026

Prepup-7 0.631 ± 0.011 0.012 ± 0.000 0.020 ± 0.001 0.980 ± 0.001 0.625 ± 0.011 1.691 ± 0.039 0.009 ± 0.000 2.678 ± 0.015

Pup-8 0.619 ± 0.011 0.069 ± 0.002 0.111 ± 0.005a 0.889 ± 0.005a 0.585 ± 0.012 1.066 ± 0.028 0.051 ± 0.003a 1.722 ± 0.013

Adult-9 0.550 ± 0.013 0.137 ± 0.004 0.251 ± 0.014 0.749 ± 0.014 0.481 ± 0.015 0.481 ± 0.015 0.125 ± 0.008 0.875 ± 0.007
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(P < 0.05) variations and comparatively higher in egg and 
pupal stage with a rapid surge during adult stage on the 
selected cultivars in the order of Rama < Shubhra < Amrit 
(Tables  2, 3 and 4). ANOVA results of the life table 
parameters on the selected cultivars were showed more 
or less same pattern (Rama > Shubhra > Amrit) with sig-
nificant variations (F7,16 = 10.787–6580.214; P < 0.0001) 
(Table 5).

The average Pf were 320.667 ± 9.528, 
252.625 ± 8.521and 168.542 ± 9.436 eggs/
female, respectively (Table  6) for the cultivars 
(Rama > Shubhra > Amrit) with significant varia-
tions (F2,6 = 63.836; P < 0.001). The Fx, GRR or mx 
and NRR or R0 of S obliqua were also significantly 
(F2,6 = 12.293–37.710; P ≤ 0.008) differed (Table  6) 
on the cultivars (Rama > Shubhra > Amrit). Average 
Tc for the cultivars (Rama, Shubhra and Amrit) were 
44.862 ± 0.071, 44.047 ± 0.480and 44.638 ± 0.147  days, 

Table 3  Stage-specific pooled life table (Mean ± SE of 3 observations) for 3 cohorts (n = 100) of S. obliqua Walker on sesame (S. 
indicum) variety: Shubhra cultivated during 2019

Within the column means followed by same letter(s) are not significantly different at P < 0.05 by Tukey’s (HSD) test

Stage lx dx qx sx Lx Tx kx ex

Egg-0 1.000 ± 0.000 0.143 ± 0.005 0.143 ± 0.005 0.857 ± 0.005 0.929 ± 0.003 6.519 ± 0.132 0.067 ± 0.003 6.519 ± 0.132

lnst- I -1 0.857 ± 0.005 0.044 ± 0,002a 0.051 ± 0.002a 0.949 ± 0.002a 0.835 ± 0.006 5.591 ± 0.129 0.023 ± 0.001a 6.521 ± 0.110

lnst- II-2 0.813 ± 0.007 0.044 ± 0,002a 0.054 ± 0.003a 0.946 ± 0.003a 0.792 ± 0.008 4.755 ± 0.123 0.024 ± 0.001a 5.844 ± 0.100

lnst- III-3 0.770 ± 0.009 0.056 ± 0.002 0.072 ± 0.004b 0.928 ± 0.004b 0.742 ± 0.010 3.964 ± 0.115 0.033 ± 0.002b 5.147 ± 0.091

lnst- IV-4 0.714 ± 0.011 0.060 ± 0.002 0.083 ± 0.004 0.917 ± 0.004 0.684 ± 0.012 3.222 ± 0.105 0.038 ± 0.002 4.508 ± 0.079

lnst- V-5 0.655 ± 0.013 0.048 ± 0.002 0.073 ± 0.004b 0.927 ± 0.004b 0.631 ± 0.014 2.537 ± 0.093 0.033 ± 0.002b 3.873 ± 0.065

lnst- VI-6 0.607 ± 0.015 0.075 ± 0.003 0.125 ± 0.008 0.875 ± 0.008 0.569 ± 0.016 1.906 ± 0.079 0.058 ± 0.004 3.138 ± 0.054

Prepup-7 0.532 ± 0.018 0.016 ± 0.001 0.030 ± 0.002 0.970 ± 0.002 0.524 ± 0.018 1.337 ± 0.063 0.013 ± 0.001 2.512 ± 0.035

Pup-8 0.516 ± 0.018 0.087 ± 0.003 0.170 ± 0.013 0.830 ± 0.013 0.472 ± 0.020 0.813 ± 0.045 0.081 ± 0.007 1.575 ± 0.031

Adult-9 0.428 ± 0.022 0.175 ± 0.007 0.411 ± 0.037 0.589 ± 0.037 0.341 ± 0.025 0.341 ± 0.025 0.232 ± 0.027 0.794 ± 0.018

Table 4  Stage-specific pooled life table (Mean ± SE of 3 observations) for 3 cohorts (n = 100) of S. obliqua Walker on sesame (S. 
indicum) variety: Amrit cultivated during 2019

Within the column means followed by same letter(s) are not significantly different at P < 0.05 by Tukey’s (HSD) test

Stage lx dx qx sx Lx Tx kx ex

Egg-0 1.000 ± 0.000 0.215 ± 0.012 0.215 ± 0.012 0.785 ± 0.012 0.893 ± 0.006 4.892 ± 0.291 0.105 ± 0.007 4.892 ± 0.291

lnst- I -1 0.785 ± 0.012 0.066 ± 0.004a 0.084 ± 0.006a 0.916 ± 0.006a 0.752 ± 0.014 4.000 ± 0.285 0.038 ± 0.003a 5.085 ± 0.284

lnst- II-2 0.720 ± 0.016 0.066 ± 0.004a 0.092 ± 0.007 0.908 ± 0.007 0.687 ± 0.018 3.247 ± 0.271 0.042 ± 0.003 4.500 ± 0.278

lnst- III-3 0.654 ± 0.020 0.084 ± 0.005 0.128 ± 0.011 0.872 ± 0.011 0.612 ± 0.022 2.560 ± 0.253 0.060 ± -.006 3.899 ± 0.271

lnst- IV-4 0.570 ± 0.024 0.090 ± 0.005 0.158 ± 0.016 0.842 ± 0.016 0.526 ± 0.027 1.948 ± 0.231 0.075 ± 0.008 3.393 ± 0.262

lnst- V-5 0.481 ± 0.030 0.072 ± 0.004 0.151 ± 0.018 0.849 ± 0.018 0.445 ± 0.032 1.423 ± 0.204 0.071 ± 0.009 2.928 ± 0.248

lnst- VI-6 0.409 ± 0.034 0.113 ± 0.006 0.284 ± 0.040 0.716 ± 0.040 0.353 ± 0.037 0.978 ± 0.172 0.146 ± 0.025 2.351 ± 0.234

Prepup-7 0.296 ± 0.040 0.024 ± 0.001 0.085 ± 0.017a 0.915 ± 0.017a 0.284 ± 0.041 0.625 ± 0.135 0.039 ± 0.008a 2.062 ± 0.188

Pup-8 0.272 ± 0.041 0.131 ± 0.007 0.517 ± 0.114 0.483 ± 0.114 0.206 ± 0.045 0.341 ± 0.094 0.345 ± 0.117 1.201 ± 0.175

Adult-9 0.141 ± 0.049 0.012 ± 0.001 0.126 ± 0.063 0.874 ± 0.063 0.135 ± 0.049 0.135 ± 0.049 0.061 ± 0.032 0.937 ± 0.031

Table 5  ANOVA result of stage-specific pooled life table 
(Mean ± SE of 3 observations/cultivar) for the 9 cohorts (n = 100) 
of S. obliqua Walkar neonates (instar I–VI) on the selected sesame 
(S. indicum) cultivars (Rama, Shubhra and Amrit) cultivated in 
2019

Developmental 
stages

Rama Shubhra Amrit Sig
F7,16 F7,16 F7,16

Egg-0 5922.54 1801.555 197.179  < 0.001

lnst- I -1 6580.214 1926.72 187.933  < 0.001

lnst- II-2 5847.045 1667.712 147.294  < 0.001

lnst- III-3 5129.29 1422.541 111.471  < 0.001

lnst- IV-4 4642.667 1260.159 87.118  < 0.001

lnst- V-5 4283.796 1153.768 71.68  < 0.001

lnst- VI-6 3631.518 953.859 48.245  < 0.001

Prepup-7 3575.012 1018.432 65.909  < 0.001

Pup-8 2074.178 494.967 10.787  < 0.001

Adult-9 519.926 57.138 65.902  < 0.001
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respectively (Table 6) without any significant variations 
(F2,6 = 2.069; P = 0.207). Whereas, average DT were 
7.845 ± 0.135, 9.501 ± 0.540 and 20.161 ± 0.587  days, 
respectively (Table  6) for the respective cultivars 
(Rama < Shubhra < Amrit) with significant varia-
tions (F2,6 = 12.316; P = 0.007). The rm and λ were 
0.088 ± 0.002, 0.073 ± 0.004 and 0.044 ± 0.012and 
1.092 ± 0.002, 1.076 ± 0.004 and 1.045 ± 0.013 indi-
viduals/day, respectively (Table  6) for the cultivars 
(Rama > Shubhra > Amrit) with significant variations 
(F2,6 = 9.084–9.424; P ≤ 0.015).The average GM, MC, 
GS, PGR, PMF, GFR, CBR, RV, VI and TI of S obliqua 
were also significantly (F2,6 = 5.451–37.168; P ≤ 0.045) 
differed on the respective cultivars (Table  6). Thus, all 
the 25 selected population parameters of the cohorts 
were showed significant differences (P < 0.05) with few 
deviations (Table  6) on the selected sesame cultivars. 
So the population growth and reproductive param-
eters of S obliqua were significantly affected by the 
cultivars in respect to their phytoconstituents (Fig. 1a, 

b) and support the host superiority or susceptibility 
(Rama > Shubhra > Amrit) to the notorious pest.

Yield loss and ETs
Yield loss and ET calculation were conducted during 
summer season (February to June) in 2019 on the three 
selected cultivars (Rama, Shubhra and Amrit) infested 
by BHCs of S obliqua against a well-known traditional 
synthetic pesticide (Triazophos 40 EC) in the field condi-
tion (Table 7).The damage per pest (S obliqua) per plant 
(D%) were 4.446 ± 0.215, 4.143 ± 0.298 and 3.845 ± 0.181, 
respectively on the cultivars (Rama > Shubhra > Amrit) 
without significant(F2,6 = 1.618; P = 0.274) varia-
tions (Table  7).The pest control efficacy of the syn-
thetic pesticide (Triazophos 40 EC)over the control 
represent mean EIL and ETL of 36.316 ± 3.911, 
44.319 ± 3.372, 62.853 ± 6.225 and 33.243 ± 2.734, 
42.423 ± 3.971, 58.404 ± 5.077 pests per 30 plants 
(or per m2 area), respectively on the selected culti-
vars (Rama < Shubhra < Amrit) and was significantly 
(F2,6 = 5.421–5.435; P ≤ 0.042) differed (Table  7). For a 

Table 6  Population dynamics and reproductive table (Mean ± SE of 3 observations/cultivar) of the 9 cohorts (3 cohorts/cultivar; 
n = 100) of S. obliqua Walker on the selected sesame (S. indicum) cultivars (Rama, Shubhra and Amrit) cultivated during 2019

Within the rows means followed by same letter(s) are not significantly different at P < 0.05 by Tukey’s (HSD) test along with F values (ANOVA)

Population parameters Rama Shubhra Amrit F2,6 Sig

Potential fecundity (Pf ) 320.667 ± 9.528 252.625 ± 8.521 168.542 ± 9.436 63.863  < 0.001

Total fertility rate (Fx) 17,089.333 ± 1726.172 6608.267 ± 1208.027 1601.867 ± 728.188 37.710  < 0.001

Gross reproductive rate (GRR) mx 96.237 ± 4.594 59.775 ± 5.917 59.394 ± 7.292 12.293 0.008

Net reproductive rate (NRR) R0 53.067 ± 3.811 25.867 ± 3.811 9.067 ± 3.811 33.944  < 0.001

Generation time (Tc) 44.862 ± 0.071a 44.047 ± 0.480a 44.638 ± 0.147a 2.069 0.207

Doubling time (DT) 7.845 ± 0.135 9.501 ± 0.540 20.161 ± 0.587 12.316 0.007

Intrinsic rate of increase (rm) 0.088 ± 0.002 0.073 ± 0.004 0.044 ± 0.012 9.084 0.015

Euler’s corrected r (rc) 0.030 ± 0.002 0.051 ± 0.005 0.104 ± 0.022 8.316 0.019

Finite rate of increase (λ) 1.092 ± 0.002 1.076 ± 0.004 1.045 ± 0.013 9.424 0.014

Weelkly multiplication rate (λ7) 1.857 ± 0.020 1.673 ± 0.047 1.367 ± 0.115 11.727 0.008

Annual rate of increase (ARI) (λ365) 1.38E + 14 1.53E + 12 1.67E + 09 3.936 0.081

Increase rate per generation (λTc) 53.067 ± 3.811 25.867 ± 3.811 9.067 ± 3.811 33.944  < 0.001

Generation mortality (GM) 0.385 ± 0.019 0.601 ± 0.049 0.982 ± 0.218 5.451 0.045

Mortality coefficient (MC) 0.165 ± 0.007 0.102 ± 0.011 0.052 ± 0.020 17.039 0.003

Generation survival (GS) 0.620 ± 0.013 0.500 ± 0.022 0.177 ± 0.060 37.168  < 0.001

Population growth rate (PGR) (rmN) 11.758 ± 1.043 4.822 ± 0.944 1.217 ± 0.655 35.739  < 0.001

Population momentum factor of increase (PMF) 16.434 ± 0.524 11.918 ± 0.845 22.920 ± 1.692 23.834  < 0.001

Population size in 2nd generation (PMFxN) 2190.233 ± 225.815 786.759 ± 167.077 488.376 ± 186.376 21.801 0.002

Hypothetical F2 females (HNf2) 2845.120 ± 403.983 698.133 ± 196.934 111.253 ± 69.868 30.039  < 0.001

Realised F2 females (RNf2) 876.093 ± 90.326 314.704 ± 66.831 195.350 ± 74.550 21.801 0.002

General fertility rate (GFR) 6.080 ± 1.260 10.108 ± 1.167 31.187 ± 1.183 12.072 0.009

Crude birth rate (CBR) 1.374 ± 0.015 1.529 ± 0.031 2.096 ± 0.131 23.559  < 0.001

Reproductive value (RV) 192.473 ± 9.188 119.550 ± 11.834 118.788 ± 14.584 12.293 0.008

Vital Index (VI) 0.413 ± 0.018 0.254 ± 0.028 0.129 ± 0.050 17.039 0.003

Trend index (TI) 67.300 ± 4.333 35.087 ± 4.751 14.341 ± 5.758 28.674  < 0.001
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single pest observation per m2 (30 ± 2 plants/m2) area the 
possible time that can be taken to reach EIL (Ti) and ETL 
(Tt) were calculated as 39.132 ± 3.969, 55.231 ± 4.214, 
85.513 ± 5.399 and 38.132 ± 3.969, 54.231 ± 4.214, 
84.513 ± 5.399  days, respectively on the selected cul-
tivars (Rama < Shubhra < Amrit) and was also signifi-
cantly (F2,6 = 26.551; P = 0.001) differed (Table  7). Even, 
ET-based time series was also calculated to find the 
specific time (Tt days) to reach ETL for any number of 
pest(s)/m2 (30 ± 2 plants/m2) on the selected cultivars 
(Table  8). The maximum tolerance levels of the pests 
were 30.400, 45.500 and 54.200 per m2, respectively on 
the cultivars (Table  8). Seed yield [SY] for the selected 
cultivars (Rama > Shubhra > Amrit) were 857.099 ± 0.000, 
695.269 ± 0.000 and617.351 ± 0.000  kg/ha for average 
production cost [C] of Rs. 22,400.00 and was significantly 
(P < 0.05) differed (Table  7).The benefit cost ratio (BCR/
ha) were 0.607 ± 0.000, 0.304 ± 0.000and 0.158 ± 0.000, 
respectively for the selected cultivars(Rama > Shubhra 
> Amrit) which were also significantly (P < 0.05) differed 
(Table 7).Thus, the yield loss and ET calculation also rep-
resent similar biotic resistance (Rama < Shubhra < Amrit) 
and or susceptibility (Rama > Shubhra > Amrit) of 

the cultivars as in feeding as well as population ecol-
ogy of S. obliqua due to variation in their respec-
tive phytoconstituents (Fig.  1[a,b]). The carbon 
sequestration efficiency (CSE) were 1397.088, 1111.320 
and 762.048 lbs/ha, respectively for the selected culti-
vars (Rama > Shubhra > Amrit) with significant (P < 0.05) 
variations due to different biomass production (Table 7). 
Thus, this study will also support the choice of sesame 
cultivar by considering their BCR values irrespective of 
biotic resistance against S. obliqua with time-based judi-
cious management and climate smart pest management 
(CSPM) strategy under the arena of climate smart agri-
culture (CSA) for sustainable production of sesame.

Discussion
Modern agriculture includes CSPM as a part of inte-
grated pest management (IPM) by using ETs for ecof-
riendly and sustainable CSA towards more production 
of crops (Anuga et  al., 2019; Aryal et  al., 2018; Chávez 
et  al., 2018; Pedigo & Higley, 1992; Pedigo et  al., 1986; 
Roy, 2019). The basic information on the biology of an 
insect pest is necessary before deciding any strategy to 
combat with the pest (Chen et al., 2017; Chi & Su, 2006). 

Table 7  Yield loss and ET values along with crop production values (Mean ± SE of 3 observations/cultivars) of S. obliqua Walkar on the 
selected sesame (S. indicum) cultivars (Rama, Shubhra and Amrit) observed over a traditional synthetic pesticide (Triazophos 40 EC) 
along with control (without pesticide) side by side having plant density of 30 ± 2 plants/m2 during summer season in 2019

Within the row means followed by same letter(s) are not significantly different at P < 0.05 by Tukey’s (HSD) test along with F values (ANOVA)

Crop Parameter Rama Shubhra Amrit F2,6 Sig

Yield damage without treatment (Yd %) 20.984 ± 4.419a 22.072 ± 4.061a 16.805 ± 3.962a 0.449 0.658

Proportion of insect controlled (PC %) 16.537 ± 4.262a 17.929 ± 3.978a 12.960 ± 3.857a 0.366 0.708

Yield damage reduction after treatment (Yr %) 76.667 ± 5.092a 75.000 ± 4.811a 80.238 ± 3.095a 0.404 0.685

Damage per pest per plant (D%) 4.446 ± 0.215a 4.143 ± 0.298a 3.845 ± 0.181a 1.618 0.274

EIL (pest/30 plants) 36.316 ± 3.911 44.319 ± 3.372 62.853 ± 6.225 5.421 0.042

ETL (pest/30 plants) 33.243 ± 2.734 42.423 ± 3.971 58.404 ± 5.077 5.435 0.041

EEIL(pest/30 plants) 36.353 ± 3.926 44.365 ± 3.382 62.919 ± 6.242 5.421 0.042

Time to reach EIL/pest/30 plants (Ti days) 39.132 ± 3.969 55.231 ± 4.214 85.513 ± 5.399 26.551  < 0.001

Time to reach ETL/pest/30 plants (Tt days) 38.132 ± 3.969 54.231 ± 4.214 84.513 ± 5.399 26.551  < 0.001

Production values
Seed Yield [SY] (Kg/ha) 857.099 ± 0.000 695.269 ± 0.000 617.351 ± 0.000 – –

Production cost [C] (Rs/ha) 22,400.000 ± 0.000a 22,400.000 ± 0.000a 22,400.000 ± 0.000a – –

Economic yield [EY](Rs/ha) 35,998.162 ± 0.000 29,201.306 ± 0.000 25,928.746 ± 0.000 – –

Net Profit [NP] (Rs/ha) 13,598.162 ± 0.000 6801.306 ± 0.000 3528.746 ± 0.000 – –

Benefit cost ratio (BCR/ha) 0.607 ± 0.000 0.304 ± 0.000 0.158 ± 0.000 – –

Carbon sequestration efficiencies
Biomass produced (lbs dry wt/ m2) 0.279 0.222 0.152 – –

Carbon sequestration (lbs/ m2) 0.14 0.111 0.076 – –

Equivalent CO2 sequestration (lbs/ m2) 0.512 0.407 0.279 – –

Carbon sequestration (lbs/ha) 1397.088 1111.320 762.048 – –

Equivalent CO2 sequestration (lbs/ ha) 5122.656 4074.840 2794.176 – –

Equivalent CO2 sequestration (Tons/ ha) 25,613.280 20,374.200 13,970.880 – –
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Pest nutritional ecology and population dynamics are 
regulated by host phytoconstituents and which are wide-
ranging as well as highly dynamic in nature (Awmack & 
Leather, 2002; Roy, 2019; Roy & Barik, 2013; Shobana 
et  al., 2010). The primary metabolites (carbohydrates, 
proteins, lipids, amino acids including moisture con-
tent) are used for general vitality, growth and reproduc-
tion (Dadd, 1985; Harborne, 1994; Schoonhoven et  al., 
2005; Shobana et al., 2010; Slansky & Scriber, 1985). Host 
secondary metabolites have defensive role and either 
produced constitutively or in response to plant damage, 
and they affect feeding, growth, and survival of any her-
bivores (Harborne, 1994; Roy & Barik, 2012, 2013; Roy, 
2015a; Schoonhoven et al., 2005; War et al., 2012). More-
over, host plant utilization is also influenced by the ability 
of insect to ingest, assimilate and convert food into their 
body tissues (Dadd, 1985; Nation, 2001; Scriber & Slan-
sky, 1981). Thus, host plant quality is the key determinant 
in pest growth, development, longevity, fecundity, fertil-
ity and survivability which ultimately indicate suitability 
of a host plant (Roy & Barik, 2012, 2013; Roy, 2015a). 
Even different cultivars of a crop can vary in the context 
of various physiological, morphological and biochemical 
characteristics as well as can influence the bionomics of 
an insect pest (Golizadeh & Razmjou, 2010; Sarfraz et al., 
2007).

In ecological research, life table study is a central theme 
and widely useful technique in insect pest management, 
where developmental stages are discrete and mortality 
rates vary widely from one life stage to another (Carey, 
2001; Dutta & Roy, 2016; Kakde et  al., 2014; Roy, 2019; 
Sarfraz et  al., 2007; Southwood, 1978). It is a powerful 
tool for analyzing and understanding the effect of dif-
ferent hosts or cultivars of a crop on insect pest popula-
tion (Karimi-Pormehr et al., 2018; Liu et al., 2004; Roy & 
Barik, 2012, 2013; Roy, 2015a; Win et al., 2011). Moreo-
ver, the age-stage, two-sex life table is equally advan-
tageous and eliminate many of the inherent errors of 
traditional life table due to sexual biasness (Chen et  al., 
2017; Mobarak et  al., 2019). The effect of different food 
sources on population parameters were observed in 
Helicoverpa armigera (Liu et  al., 2004), Plutella xylos-
tella (Sarfraz et  al., 2007), Spodoptera litura (Xue et  al., 
2010), Papilio polytes (Shobana et  al., 2010), Podontia 
quatuordecimpunctata (Roy, 2015a), Epilachna viginti-
octopunctata (Roy, 2017), Scripophaga incertulus (Dutta 
& Roy, 2018) and Diacrisia casignetum (Roy, 2019) on 
different host plants. In my study the biochemical analy-
ses of the selected sesame cultivars (Rama, Shubhra and 
Amrit) revealed that the Rama cultivar were of good 
nutritional quality compared to other two cultivars 
because nutritional factors (primary metabolites) were 
higher compared to others (Shubhra and Amrit), while 
anti-nutritional factors (secondary metabolites)were in 
reverse order (Rama < Shubhra < Amrit). This study dem-
onstrated that the sesame cultivars (Rama, Shubhra and 
Amrit) were significantly influenced the feeding indi-
ces and population ecology of S. obliqua due to phyto-
chemical variations in the cultivars as in other instances 
(Awmack & Leather, 2002; Roy & Barik, 2012, 2013; Roy, 
2015a). The S. obliqua larvae fed on Rama cultivar leaves 
were able to converting the leaf tissues in their body 
masses more efficiently than on the other (Shubhra and 
Amrit) cultivars due low metabolic maintenance cost 
(Roy & Barik, 2012, 2013; Slansky & Scriber, 1985; Xue 
et al., 2010). All the feeding indices were also affected by 
the respective host phytoconstituents and were showed 
some variations due to homeostatic adjustment of con-
sumption rates and efficiency parameters to achieve ideal 
growth rate even with foods of different quality (Awmack 
& Leather, 2002; Roy & Barik, 2013; Xue et al., 2010). Pest 
nutritional ecology, demographic parameters and their 
yield reduction efficiency generally informs about the 
time-based infestation capability and density of the pest 
in the crop ecosystem (Kakde et al., 2014; Mobarak et al., 
2019; Roy, 2017). The overall survival rate of S. obliqua 
on Rama cultivar leaves was highest as compared with 
Shubhra and Amrit leaves and the result suggest type 
III survival curve like most insect pests (Mobarak et al., 

Table 8  Time Series for find the specific time (Tt days) to reach 
ETL (Mean ± SE of 3 observations/crop) for any number of pest(S) 
[S. obliqua Walkar] on the selected sesame (S. indicum) cultivars 
(Rama, Shubhra and Amrit) observed over a traditional synthetic 
pesticide (Triazophos 40 EC) along with control (without 
pesticide) side by side having plant density of 30 ± 2 plants/m2 
during summer season in 2019

MTL (Maximum tolerance level)

Pest(s)/m2 Tt (days) for Rama Tt (days) 
for 
Shubhra

Tt (days) for Amrit

0.025 81.725 105.887 168.948

0.05 73.85 96.424 153.201

0.1 65.974 86.961 137.454

0.2 58.098 77.499 121.706

0.3 53.491 71.963 112.495

0.4 50.223 68.036 105.959

0.5 47.687 64.99 100.889

0.6 45.616 62.501 96.747

0.7 43.864 60.396 93.245

0.8 42.347 58.573 90.212

0.9 41.009 56.965 87.536

1 39.811 55.527 85.142

Up to ETL ≥ 1 day remain for manage the pest

MTL (Pests/m2) 30.400 40.500 54.200
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2019; Price, 1998; Roy, 2017, 2019; Schowalter, 2006). The 
R0, rm and Tc are fundamental ecological parameters to 
predict the pest population growth to evaluate the per-
formance of an insect on different host plants as well as 
the host plant’s resistance (Liu et al., 2004; Naseri et al., 
2014; Southwood & Henderson, 2000; Win et al., 2011). 
Further, rm is influenced by several factors like develop-
ment time, survivorship and fecundity rate of an insect 
which states the physiological status of an insect in rela-
tion to its capacity to increase (Southwood & Henderson, 
2000). Thus the variations in life table parameters were 
due to feeding by the larvae of S. obliqua on different 
sesame cultivars (Rama, Shubhra and Amrit) with differ-
ent amount of primary and secondary metabolites (Roy, 
2017, 2019; Roy & Barik, 2013). In the present study, Tc 
and DT of S. obliqua were significantly shorter on Rama 
cultivar leaves compared to Shubhra and Amrit leaves.

To estimate the exact ETs, it is necessary to calculate 
population data for both the predator, prey species and 
relate this to different environmental factors (Higley & 
Wintersteen, 1992; Pedigo & Higley, 1992). The percent 
yield loss always increased with increase in larval den-
sity and host susceptibility (Pedigo & Higley, 1992). The 
EIL and ETL were calculated by linear regression model 
(y = ax + c) based on yield loss, degree of pest infestation, 
cost of protection and market price of the crop (Pedigo 
& Higley, 1992). A low EIL and ETL of S. obliqua was 
found in sesame than green gram due to high damage 
potential of the pest on their respective preferred host 
plants as in other findings (Pedigo & Higley, 1992; Roy, 
2019). In the present investigation, the mean EIL and 
ETL for S obliqua was 36.316 ± 3.911 and 33.243 ± 2.734 
pests/m2, respectively on cv. Rama that were significantly 
(F2,6 = 5.421–5.435; P ≤ 0.042) lower than Shubhra and 
Amrit cultivars (Rama < Shubhra < Amrit). Thus these 
variations in food utilization indices of S. obliqua ulti-
mately revealed that food quality of the selected sesame 
cultivars (Rama > Shubhra > Amrit) were influenced 
their nutritional ecology, population parameters and 
ETs which were ultimately suggest reverse susceptibility 
or resistance of the cultivars (Rama < Shubhra < Amrit) 
accordingly. Even, ETs-based time series for judicious 
application of any sustainable control measures against 
this pest and carbon sequestration efficiency (CSE) of the 
sesame cultivars will obviously reduce ecological imbal-
ance to promote CSA as well as CSPM of such crops in 
near future.

Conclusions
There is a worldwide growing awareness for promot-
ing environmentally benign and ecosystem service 
(ESS)-based CSPM practices for CSA. Even ecological 

engineering (EE) by tailoring ESS manipulation is 
crucial for better production of any crop. These 
approaches would bring down the pest load below 
ETL by judicial use of any control measures includ-
ing broad-spectrum pesticides for sustainable agricul-
ture. In respect to the phytochemical regime, Rama 
cultivar had the lowest antibiosis resistance than 
Shubhra and Amrit against S. obliqua as indicated 
by the short developmental time and high survival of 
immature stages. The nutritional ecology and popula-
tion parameters of S. obliqua in relation with respec-
tive host chemical regime will enable growers to find 
the most preferred cultivar (Rama > Shubhra > Amrit) 
based on CBR values irrespective of their biotic resist-
ance (Rama < Shubhra < Amrit) due to host antibiosis. 
Even, the calculated ETs and time series for specific 
time-based judicious management of the pest along 
with CSE will also support superiority of the culti-
vars (Rama > Shubhra > Amrit) towards CSPM strategy 
under the arena of CSA for sustainable production of 
sesame and or other such crops in near future.
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