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Abstract
Background and Objective
Legumes are critical crops globally due to their high nutritional value, provision of essential
vitamins and minerals, low environmental footprint, and ability to fix nitrogen in the soil.
However, the cowpea weevil, Callosobruchus maculatus (F.) (Coleoptera: Chrysomelidae),
poses significant threats to legume crops, causing substantial losses in both field and storage
conditions. The larval feeding reduces seed weight, nutritional quality, and commercial value,
with severe infestations leading to losses of up to 50-60% of stored products. Traditional pest
control methods, primarily relying on synthetic chemical insecticides, are effective but
associated with adverse effects, including pest resistance, environmental contamination, and
harm to non-target organisms. Consequently, there has been growing interest in eco-friendly
alternatives, such as plant-derived essential oils, for pest management. Essential oils from
Trachyspermum ammi L. (ajwain) and Satureja hortensis L. (satureja), rich in bioactive
compounds, have shown considerable potential in controlling stored-product pests. This study
aimed to investigate the effects of T. ammi and S. hortensis essential oils on the life history and
life table parameters of C. maculatus reared on cowpea, evaluating their efficacy as natural
control agents.
Materials and Methods
The experiment was conducted at 27 + 2°C, 65 + 5% relative humidity, and complete darkness.
Callosobruchus maculatus adults were obtained from a laboratory colony reared on cowpea.
The chemical composition of T. ammi and S. hortensis essential oils was analyzed using gas
chromatography-mass spectrometry (GC-MS) to identify their major constituents. For
bioassays, 7 g of cowpea seeds were treated with seven concentrations of essential oils (T.
ammi: 0.57-2.14 plL/g; S. hortensis: 1.43-3.57 uL/g, determined based on logarithmic
intervals). Each concentration was prepared in four replicates, with the essential oil dissolved
in 2 mL of acetone as the solvent. Cowpea seeds were immersed in the solution for 60 s and
air-dried for 120 s. Control seeds were treated with acetone alone. Mortality rates were recorded
at 24, 48, and 72 h post-treatment. The synergistic effects of combining T. ammi and S. hortensis
essential oils were also evaluated. Lethal concentrations causing 50% mortality (LCso) and
sublethal concentrations causing 30% mortality (LCso) were calculated after 24 h. Life history
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parameters were assessed using LCso and LCso concentrations. Life table parameters, including
the intrinsic rate of population increase (r), net reproductive rate (Ro), and finite rate of
population increase (1), were analyzed using the TWOSEX-MSChart software. Population
growth parameters were estimated using the bootstrap method with 100,000 replicates, and the
paired bootstrap test was applied to detect statistical differences between means (P < 0.05).
Results

GC-MS analysis revealed that the dominant compounds in S. hortensis essential oil were
carvacrol and y-terpinene, while those in T. ammi were thymol and cymene. Bioassay results
demonstrated that both essential oils significantly increased C. maculatus mortality compared
to the control group. The LCso values after 24 h were 2.19 pL/g for S. hortensis and 1.47 uL/g
for T. ammi, while the LCzo values were 1.82 uL/g and 1.10 pL/g, respectively. At LCzo and
LCso concentrations, both essential oils significantly reduced the intrinsic rate of population
increase (r), net reproductive rate (Ro), and finite rate of population increase (1) (P < 0.05). The
combination of T. ammi and S. hortensis essential oils exhibited a synergistic effect, enhancing
mortality rates compared to individual applications.

Discussion

The essential oils of T. ammi and S. hortensis demonstrated significant potential as biocontrol
agents against C. maculatus by increasing mortality and suppressing key life history
parameters, such as reproduction and population growth. Bioactive compounds, particularly
thymol and carvacrol, likely disrupted the insect’s nervous and respiratory systems,
contributing to these effects. The synergistic interaction between the two essential oils suggests
that combined applications could enhance control efficacy. Sublethal concentrations (LCazo)
were found to be more suitable for practical applications, balancing efficacy with minimal
environmental impact. A review of previous studies corroborates the efficacy of essential oils
like S. hortensis and T. ammi in managing stored-product pests. However, practical
implementation requires further research into stable formulations, such as nanoencapsulation,
and large-scale evaluations under field and storage conditions. These essential oils provide a
safe and effective alternative to synthetic insecticides, aligning with the goals of sustainable
development and environmental protection.
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Table 1. Chemical composition of Satureja hortensis and Trachyspermum ammi essential oils

S. hortensis T. ammi

Compounds

RT Area percentage RT Area percentage
a-Thujene 6.71 0.34 - -
a-Pinene 6.94 4.28 6.89 3.60
Camphene 7.74 0.10 7.95 0.16
B-Pinene 8.60 1.09 8.68 0.39
B-Myrcene 9.00 2.44 8.89 0.76
Sabinene 9.31 0.67 9.29 0.10
I-Phell&rene 9.37 0.91 - -
a-Terpinene 9.79 3.04 - -
p-Cymene 10.01 3.54 - -
Cymene 10.14 14.52 10.11 29.24
B-Phell&rene 10.53 0.39 - -
1,8-Cineole - - 10.71 0.20
y-Terpinene 11.26 22.82 11.33 14.97
B-Terpineol 11.61 0.1 -
a-Terpinolene 11.94 0.36 11.78 0.31
Linalool 12.35 0.16 -
p-Cymenyl - - 12.05 0.21
1-Terpineol - - 14.41 0.10
4-Terpineol 14.47 0.39 14.17 0.63
Estragole 14.69 0.34 -
Carvone - - 16.01 0.11
Thymol - - 16.82 38.41
Carvacrol 17.36 32.09 18.06 0.94
Caryophyllene 20.11 1.13 - -
Aromadendrene 20.71 0.22 - -
Ledene 21.85 0.23 - -
B-Bisabolene 22.08 1.01 - -
a-Bisabolene 22.71 0.12 - -
Spathulenol 23.55 0.57 - -
Caryophyllene oxide 23.67 0.28 - -
Dillapiole - - 24.33 0.10
Carvacryl acetate - - 31.50 0.30
Sum 91.14 90.53
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Table 2. Probit analyses of the mortality of Callosobruchus maculatus adults exposed to Satureja hortensis
and Trachyspermum ammi essential oils after 24, 48, and 72 h

Lethal concentrations with 95% confidence limits

2

Eislse”“a' T('rr]';e (W/g) ( el g SlopeSE Sig RP
L Cso LCso LCoo
24 1.92(1.80-202) 230(2.19-241) 358(330-399) 136 668+059 093 1
S.hortensis 48 1.83 (L71-1.93) 2.19(2.08-2.20) 3.39 (3.14-375) 421 6.75+0.60 052 1.05
72 181(1.69-191) 217 (2.07-228) 3.41(3.15-3.80) 4.65 654+059 0.46 1.06
24 110(101-118) 147 (1.35-161) 2.98 (254-3.75) 4.92 415+041 043 157
T.ammi 48 1.01(0.93-109) 1.35(L25-147) 2.72(234-335) 438 4.20+0.40 050 171
72 0.97(0.89- 1.04) 1.26 (1.18-136) 241 (2.12-2.87) 552 456+041 036 182

Sig. and RP are significant and Relative Potency, respectively. Relative Potency = (the most LCso value) / (LCso
value of the other essential oil) (Valizadeh et al., 2021).
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celw YE 31w maculatus

Table 3. Combined effects of Satureja hortensis and Trachyspermum ammi essential oils on the mortality of

Callosobruchus maculatus adults after 24 h

Mortality (%) )

Treatment x Effect
Oa Ob E Om

LCso of S. hortensis (a) + LCso of T. ammi (b) 33.3 28.3 52.2 76.6 114 Synergy

LCsp of S. hortensis (a) + LCso of T. ammi (b) 51.6 48.3 75.0 100 8.4  Synergy

LCso of S. hortensis (a) + LCs of T. ammi (b) 51.6 28.3 65.3 96.6 15.0 Synergy

LCso of S. hortensis (a) + LCso of T. ammi (b) 33.3 48.3 65.5 98.3 16.4  Synergy

Oa: Mortality by S. hortensis; Op: Mortality by T. ammi; E: Mortality Expected; Om: Mortality Observed
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Table 4. Sublethal effects of LCso and LCso values of Satureja hortensis and Trachyspermum ammi essential
oils on the reproduction period, fecundity, and adult longevity (mean + SE) of Callosobruchus maculatus
Treatments Pre-adult Pre-adult  TPOP (day) Oviposition  Female Male Fecundity

survival period period (day) longevity longevity (offspring
(day) (day) (day) (day) )

Control 0.85+0.07 25.41+0.11 25.33+0.16d 5.22+0.21a 577+0.325.87+0.28 103.88+
a d a a 4.89 a
LCso Of S. 0.70+ 26.42+0.48 26.62+1.38c 3.50+0.18b 3.87+0.22 400+0.36 57.37*
hortensis 0.102 ab c c bc 341b
LCso Of S. 055+ 28.72+0.41 2850+0.66b 2.83+0.16c 3.16+0.16 2.8+0.57 39.66 +
hortensis 0.110b b d c 2.03c
LCso0f T. 0.65+ 26.53+0.42 26.00+0.54 4.00+0.25b 4.66+0.21 428+0.35 53.83+
ammi 0.106 a c cd b b 2.81b
LCsoof T. 045+0.1 31.77+0.64 31.20+1.10a 3.40+0.50bc 3.6+0.39 3.75+0.61 30.2+
ammi b a cd bc 2.11d

Means followed by different letters in each column are significantly different (Paired bootstrap test, P < 0.05).
TPOP: Total pre-ovipositional period.
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Table 5. Sublethal effects of LCso and LCso values of Satureja hortensis and Trachyspermum ammi essential
oils on the life table parameters (mean + SE) of Callosobruchus maculatus

Treatments GRR (offspring  Ro (offspring r (day ™) J (day ™) T (day)
per adult) per adult)
Control 56.69+13.422 46.75+11.69 0.13910.009a 1.149+0.011 27.58+0.219
a a a d
LCso of S. 38.8+8.395ab 22.95+6.42 0.110+0.011 1.116+0.012  28.37+0.286
hortensis ab b b c
LCso of S. 31.1+£10.096 11.9+4.089 0.083+0.013 1.086+0.014  29.89+0.651
hortensis ab bc bc bc b
LCso of T. ammi 26.64 £8.171 16.15+5556 0.100+£0.014  1.105+0.015  27.76 £ 0.452
ab bc bc bc cd
LCsoof T. ammi 20.75+7.21b 7.55+2923c¢ 0.062+0.014c 1.063+0.014 32.60%1.110
c a

Means followed by different letters in each column are significantly different (Paired bootstrap test, P<0.05). Ro:
net reproductive rate; r: intrinsic rate of increase; .2 finite rate of increase; T: mean generation time.
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Figure 1. Age-specific survival rate (Ix) and age-specific fecundity (mx) of cowpea weevil Callosobruchus
maculatus exposed to the of LCso and LCso values of Satureja hortensis and Trachyspermum ammi essential

oils and control group
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