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Lethal and sublethal effects of essential oils of Ajwain (Carum copticum L.) and fennel
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ABSTRACT
The lesser grain borer, Rhyzopertha dominica F. is an important pest of the stored products, which causes
severe economic damage on grain. Regarding necesity of using alternative methods to chemical
insecticides, in the present study the lethal and sublethal effects of the essential oils of Ajwain (Carum
copticum L.) and fennel (Foeniculum vulgare Mill) along with diatomaceous earth were evaluated against
R. dominica. The chemical compositions of the essential oils were determined by gas chromatography-
mass spectrometry. The major components of Ajwain were phenol, benzene, and y-terpinene and those of
the fennel were Eropanal, trans-anethole, y-terpinene, benzene, and cyclohexene. The toxicity of fennel
essential oil (LC50 = 103.83 pl/I air) against the adults of R. dominica was higher than Ajwain essential
oil (LC50 = 167.46 i/l air). The LC50 for the diatomaceous earth was obtained 0.052 g/kg. Results of
the experiment of sublethal effects (LC30) showed that the longevity of males and females and the
fecundity of females were significantly lowest in the combination of Ajwain essential oil along with
diatomaceous earth. Furthermore, the net reproductive rate (RO), intrinsic rate of natural increase (rm),
and finite rate of increase (A) of the pest, in both the combination of Ajwain essential oil along with
diatomaceous earth and fennel essential oil along with diatomaceous earth were significantly lower (P <
0.05) than other treatments. The results of this study indicated that the essential oils of each of these

plants in combination with diatomaceous earth can be used in the management programs of R. dominica.

Key words: Interaction, greenhouse, indice, wheat cultivar, Golestan province. Essential oils, stored
product pest, lethal effect, sublethal effect, diatomaceous earth.
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Table 1. Chemical compounds identified in Carum copticum essential oil using gas chromatography-mass
spectrometry.

Compound Retention time (min) Composition (%) Area Height
o-pinene 9.80 2127 26149084 96
p-pinene 11.238 1.68 20648052 97
benzene 12.949 20.41 251540586 93

y-terpinene 13.999 10.39 128095665 97

2-cyclohexen-1-one 19.795 4.16 51272126 96
phenol 21.131 43.05 530683604 87

croweacin 26.837 6.84 84312759 99
benzene 27.512 1.09 13443111 94
dillapiole 29.166 1.14 14032891 93

1,3-benzodioxole 30.495 3.29 40570654 98

Tiwiido- 31 S gileg S 515 olKiws 5l eolaiwl b Foeniculum vulgare ulul jo sois ololis olawd SluS 5 .Y Joax
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Table 2. Chemical compounds identified in fennel Foeniculum vulgare essential oil using gas
chromatography-mass spectrometry

Compound Retention time (min) Composition (%) Area Height

B-pinene 11.219 1.49 11286895 69
benzene 12.879 12.78 96629029 97
dl-limonene 12.987 491 37151974 99
y-terpinene 13.986 13.80 104321848 96
L-fenchone 14.819 2.04 15412094 93
propanal 19.527 23.23 175666115 98
trans-anethole 20.787 17.87 135096746 98
cyclohexene 20.876 12.34 93271636 87
benzenemethanol 24.248 1.50 11316182 94

croweacin 26.735 1.15 8706554 99

el 0ais (S ao 0 )l 5 oS SloS s
* Compounds less than 1% were not listed.
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Table 3. Toxicity of Carum copticum and Foeniculum vulgare essential oils (UL/L air) and diatomaceous
earth (g/kg) against the adults of Rhyzopertha dominica.

Lethal concentrations

Treatments n X df Slope +SE
LC30 LCSO
(95% FL) (95% FL)

. 127.57 167.46
Carum copticum 560 47.10 1 4.44 + 0.65 (113.42 - 137.81) (157.01 -180.03)

. 75.37 103.83
Foeniculum vulgare 560 50.67 1 3.77+053 (63.91- 83.97) (95.53 - 111.97)

Diatomaceous earth 560 36.96 1 1.88 +0.31 0.027 0.052

(0.020 - 0.032) (0.044 - 0.063)

(SAS Institute, 2002) ssos ale Sezd fygam 5, b (FL) 0o )0 0 ojluebl ssgamma 5 oariS slacdalé
Lethal concentrations and 95% fiducial limits (FL) were estimated using logistic regression (SAS Institute, 2002).
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Table 4. The developmental times and survival (mean + SE) of offsprings of Rhyzopertha dominica adults
exposed to LC30 of essential oils of Carum copticum, Foeniculum vulgare, diatomaceous earth, and their

combinitions.
. . Larval and pupal . Preadult
Treatments Egg incubation . Development time* )

period survival
Carum copticum 6.73 £ 0.09° 38.89 +0.40% 45.44 + 0.42° 0.77 £ 0.05°
a a a b
Foeniculum vulgare 6.80 £ 0.11 39.43+0.61 46.21 + 0.60 0.73 £ 0.06
b b b b
Diatomaceous earth 6.51 £0.09 35.22+1.01 41.63+1.02 0.70 = 0.06
a a a b
C. copticum + F. vulgare 6.84 £ 0.08 39.14 +0.22 4589 +0.28 0.72 £ 0.06
a a a b
C. copticum + Diatomaceous earth 6.85 £ 0.09 39.52+0.24 47.23+1.00 0.77 £0.05
F. vulgare + Diatomaceous earth 6.67 £ 0.09° 39.04 +0.34% 45,58 +0.38% 0.73 £ 0.06°
Control 6.65 + 0.07° 34.39+0.55" 40.89 + 0.55 0.80 % 0.05°

Rhyzopertha dominica _lS ol i zLs (o )lasbisl glas £ .5500) joe Job 5 (559,b «6,105 056 0,90 Jobo & Jga
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Table 5. The oviposition period, fecundity and longevity (mean = SE) of offsprings of Rhyzopertha
dominica adults exposed to LC30 of essential oils of Carum copticum, Foeniculum vulgare, diatomaceous
earth, and their combinitions.

Oviposition Fecundit Female Male
Treatments APOP’(day)  TPOP"(day) perig d (day) (offsprin(_;/) longevity longevity
(day) (day)
. 48.47 7713 £ 62.56 +
bc a b
Carum copticum 295+0.25 0.66® 4316 £1.71° 99.74 +4.24 4,390 3115
+ +
Foeniculum vulgare 332+0.12" 49.64+0.96* 23.05+1.71° 65.84+4.17° 4322; 4;'22;
45.16 + 108.51 + 7211+ 51.05 +
. . . N .
Diatomaceous earth 3.64+0.19 1.50 26.76 £2.94 7 580 6.51° 452
316+ 57.72 + 37.86 + 3185+
. + a + ¢
C. copticum + F. vulgare 0.16% 49.19 £0.31 22.87+1.11 3.31% 1.88% 2 360
C. copticum + Diatomaceous be A . d 33.27+ 26.18 £
carth 3.08 £0.13 49.64+0.32° 21.31+1.39° 49.79+3.10 1.90° 1.85°
F. vulgare + Diatomaceous . 47.80 = c . 39.23 35.98 £
carth 2.90£0.12 0.32%¢ 26.29 £1.65° 59.90 + 3.33 231 1.55¢
151.63 + 94.81 + 84.33
[ 40 £0.14®  44.11+0.75" 34.67 %253
Contro 3400 0.75 34.6 53 9.63° 3.40° 5.63°

(il Sgr a8 g0 (5051) 33 ls duoyd O Jlaol mhans 10 (5,10 ime Dol ¢y pa 50 Siglite gy b sla o Silo
(SIS 055 3| i 0,98 S TTPOP (JulS &l ji (6138 035 51 o 0490 Jsb :APOP
Means followed by different letters in each column are significantly different (P < 0.05, paired bootstrap test) .
*APOP: Adult pre-oviposition period, TPOP: Total pre-oviposition period.
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Figure 1. Age-specific survival rate (l,) and age-specific fecundity (m,) of offsprings of Rhyzopertha
dominica adults exposed to LC30 of essential oils of Carum copticum, Foeniculum vulgare, diatomaceous
earth, and their combinitions.



Age-stage specific surviral mte

4!, 5 (Carum copticum L.) oLs; sle uilol (SaxsS 55 5 (SousS 156 o)) Kan 5 G359 YA

Carum copticuim

1 Diatomaceous earth
0.8
o B0

=L arvalpupal
ey F cmale

0.6

0.4

0 20 40 60 80 100 120 140 160 20 40 60 80 100 120 140 160

Carum copticum +
Foeniculum vilgare

Carum coptrcum +

Diatomaceous earth Control

140 160

Foeniculum vulgare +
Diatomaceous earth

Sl il LCyp cdale L a3 5 15 5 ,m0 5o Rhyzopertha dominica «(Syj) (w5 al> yo- pw 059 slis &5 -V JSCo
Lol oS 5 5 4agibs S [Foeniculum vulgare Carum copticum

Figure 2. Age-stage specific survival rate (Sxj) of Rhyzopertha dominica adults exposed to LC30 of
essential oils of Carum copticum, Foeniculum vulgare, diatomaceous earth, and their combinitions
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Table 6. Population growth parameters (mean + SE) of offsprings of Rhyzopertha dominica adults
exposed to LCao of essential oils of Carum copticum, Foeniculum vulgare, diatomaceous earth, and their

combinitions.

Treatments (femalg/(}emale) (d;; 1) (dg;; 1) (d-;y)
Carum copticum 34.91+6.22° 0.0553 + 0.0032" 1.0569 * 0.0034 63.93 +0.98°
Foeniculum vulgare 24.10 + 4.34" 0.0539 + 0.0034" 1.0553 + 0.0035" 58.80 + 1.25°
Diatomaceous earth 30.70 £ 6.62™ 0.0635 + 0.0045° 1.0655 * 0.0052° 53.64 + 1.59°
C. copticum + F. vulgare 24.04 +3.93" 0.0528 + 0.0028™ 1.0542 + 0.0029" 60.01 + 0.56°
C. copticum + Diatomaceous earth 20.78 + 3.44° 0.0506 + 0.0028° 1.0519 + 0.0293° 59.64 + 0.61°
F. vulgare + Diatomaceous earth 19.95 + 3.83° 0.0493 + 0.0033° 1.0506 + 0.0035° 60.31 + 0.96"
Control 63.24 +10.37° 0.0763 + 0.0035" 1.0793 + 0.0038" 54,18 + 0.94°

(o ynlsg 4890 (yg03T) W5yls o )0 O Jlet s 50 (6 1o gime Sigles g ;o 40 Siglite gy b (sla i Siles
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Means followed by different letters in each column are significantly different (P < 0.05, paired bootstrap test).
Ro: net reproductive rate; r: intrinsic rate of increase; 4: finite rate of increase; T: mean generation time.
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