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Abstract
The activity of Cinnamomum cassia essential oil (EO) and (E)-cinnamaldehyde was investigated on the phytoparasitic spe-
cies Meloidogyne incognita, Globodera rostochiensis, and Xiphinema index. Juveniles (J2) or eggs of M. incognita and G. 
rostochiensis and mixed-age specimens of X. index were exposed to 12.5–100 µg  mL−1 concentrations of the two products. 
The suppressiveness of soil treatments with 100–800 mg  kg−1 soil rates of the C. cassia EO and (E)-cinnamaldehyde to M. 
incognita and G. rostochiensis was assessed on potted tomato and potato, respectively. A 24-h exposure to a 12.5 µg  mL−1 
solution of (E)-cinnamaldehyde resulted in more than 68% mortality of M. incognita J2, while a poor mortality occurred at 
the same concentration of the whole EO. The mortality of G. rostochiensis J2 ranged 39 and 42%, respectively, since after 
a 4-h exposure to a 12.5 µg  mL−1 solution of both products. All the X. index specimens died after a 48- and 8-h exposure 
to a 100 µg  mL−1 solution of the EO and (E)-cinnamaldehyde, respectively. Egg hatch was reduced by more than 90% 
after exposing the M incognita egg masses or the G. rostochiensis cysts to 800 µg  mL−1 concentration of both EO and (E)-
cinnamaldehyde for 24 and 96 h, respectively. The infestation of M. incognita and G. rostochiensis on tomato and potato, 
respectively, was significantly reduced by all soil treatments with both products, though (E)-cinnamaldehyde generally 
resulted more suppressive than the whole EO to both nematode species. According to these results, C. cassia EO and (E)-
cinnamaldehyde could be suggested as a potential source of new environment-friendly nematicides.

Keywords Meloidogyne incognita · Globodera rostochiensis · Xiphinema index · Sustainable management · Natural 
products

Key message

• Study of the activity of C. cassia essential oil and cin-
namaldehyde on different phytonematodes.

• First assessment of the nematicidal activity of essential 
oil from C. cassia leaves and twigs.

• Relationship between nematoxicity of C. cassia essential 
oil and its compositional profile.

• Potential of C. cassia essential oil for the development of 
new sustainable nematicides.

Introduction

Phytoparasitic nematodes are among the most dangerous 
agricultural pests, as estimated to cause about 12–15% of 
annual world crop yield losses (Perry and Moens 2011). 
Root-knot species of genus Meloidogyne are unanimously 
stated to be the most harmful phytonematodes, as they 
worldwide spread on a wide range of agricultural crops and 
responsible of heavy yield reductions (Nicol et al. 2011). 
Severe economic losses can also derive from the attacks 
of the golden cyst nematode, Globodera rostochiensis 
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Wollenweber, which represent a serious pest problem in the 
major potato-growing areas of the world (Price et al. 2021). 
The dagger nematode Xiphinema index Thorne et Allen 
has been also assuming an increasing economic relevance, 
mainly due to its role as vector of the grapevine (Vitis vin-
ifera L.) fanleaf virus and to the derived threats to world 
grapevine yield and quality (Van Zyl et al. 2012).

The environmental policies of the European Union have 
focused since the early 2000s on the ban of the most hazard-
ous synthetic nematicides, i.e., those on which phytopara-
sitic nematode control relied over the past decades. These 
measures aimed to a global 50% reduction of pesticide use 
within 2030 and to their replacement with more sustain-
able non-chemical control tools, also including the use of 
plant-derived nematicides (Marrone 2019; Bozzini 2017; 
D’Addabbo et al. 2014; EC Regulation 2009/1107).

Essential oils (EOs) from several aromatic and medici-
nal plants have been increasingly acknowledged as a huge 
source of new products suitable for a sustainable manage-
ment of crop pathogens and pests, also including phytopara-
sitic nematodes (Pavela and Benelli 2016). The main points 
in favor of EOs-based nematicides are their limited persis-
tence under field conditions and the absence of the resistance 
phenomena occurring for synthetic nematicides, due to the 
multisite activity of the complex mixtures of EOs’ bioactive 
constituents (Catani et al. 2023).

The genus Cinnamomum (Lauraceae family) includes 
250 tree and shrub species distributed in Southeast Asia, 
China, and Australia, the most known of which are the cam-
phor tree C. camphora (L.) J. Presl., the true cinnamon (C. 
verum J. Presl., syn. C. zeylanicum Blume), native of Sri 
Lanka and South India, and the Chinese cassia (C. cassia 
L., syn. C. aromaticum Nees), native of China and Viet-
nam (Sharifi-Rad et al. 2021). All these species have been 
largely documented for a wide spectrum of biological prop-
erties, such as anti-inflammatory, antibacterial, antifungal, 
antioxidant, immunomodulatory, and nematicidal activities 
(Pandey et al. 2020; Zhang et al. 2019). According to the 
literature data, the nematicidal activity of EOs from different 
Cinnamomum species is largely variable. The C. camphora 
EO was reported as moderately suppressive to the southern 
root-knot nematode M. incognita Kofoid et White on tomato, 
while the EO from C. verum was documented for a strong 
toxicity to M. incognita and M. graminicola Golden and 
Birchfield and to the pinewood nematode Bursaphelenchus 
xylophilus Nickle (D’Addabbo et al. 2020; Eloh et al. 2020; 
Faria et al. 2021). The information on the nematicidal prop-
erties of the C. cassia EO is limited to data from bioassays 
on B. xylophilus (Faria et al. 2021) and from a recent study 
of Jardim et al. (2018), reporting an in vitro activity of an 
EO from C. cassia bark on M. incognita J2 and eggs and 
its suppressiveness to M. incognita infestation on soybean 
(Glycine max (L.) Merr).

The compositional profile of the C. cassia EO is preva-
lently constituted by (E)-cinnamaldehyde (syn. trans-cin-
namaldehyde or (2E)-3-phenylpropenal), which content can 
vary from 42 to 92% according to factors as pedoclimatic 
conditions, plant age, and method of EO extraction (Jugreet 
et al. 2020). (E)-cinnamaldehyde is the main agent of the 
nematicidal activity of the C. cassia EO, as proved for a 
strong in vitro activity on B. xylophilus, M. incognita, and 
M. javanica (Treub) Chitwood (Jardim et al. 2018; Faria 
et al. 2021; Oka et al. 2001) as well as for a strong suppres-
siveness to root-knot nematode infestation on soybean and 
tomato (Jardim et al. 2018; Oka et al. 2001). A poor infor-
mation is available on the activity of the C. cassia EO, on 
other economically relevant phytonematode species such as 
G. rostochiensis and X. index. More generally, data on EOs’ 
effects on G. rostochiensis are limited to in vitro assays on 
the EOs from C. camphora, Cymbopogon martinii (Roxb.) 
Wats., Eucalyptus globulus Labill, Ocimum basilicum L., 
Salvia officinalis L., and Thymus vulgaris L. (Faria and 
Vicente 2021), while the only data on the activity of EOs 
on X. index are derived from laboratory assays on EOs from 
Moroccan ecotypes of Artemisia herba-alba, Citrus sin-
ensis (L.) Osbeck, Rosmarinus officinalis L., and Thymus 
satureioides Cosson (Avato et al. 2017). Based on this lack 
of information, this study aimed to a comparative elucida-
tion of the nematicidal activity of a C. cassia EO and cin-
namaldehyde on nematode species with a different biology 
and feeding behavior, M. incognita, G. rostochiensis, and 
X. index, either through in vitro assays on infective stages 
viability and egg hatchability or experiments in soil infested 
by M. incognita and G. rostochiensis on tomato (Solanum 
lycopersicum Mill.) and potato (Solanum tuberosum L.), 
respectively.

Methods

Nematodes and chemicals

The population of M. incognita used in the experiments was 
originally recovered from infested tomato roots collected 
from a field at Castellaneta (Taranto, Apulia region) and then 
reared on tomato cv. Regina di Fasano in a glasshouse at 
25 ± 2 °C. The population of G. rostochiensis (J2 and cysts) 
was recovered from an infested potato field at Polignano 
(Bari, Apulia region) and reared on potato cv. Desiree in 
a glasshouse at 20 ± 2 °C. The population of X. index was 
extracted from a naturally infested vineyard soil located at 
Ginosa (Taranto, Apulia region).

The tested C. cassia EO was a 100% pure organic prod-
uct from Vietnam, extracted from plant leaves and twigs by 
steam distillation (Essenthya-Lab, Grugliasco, Italy). (E)-
cinnamaldehyde (≥ 99%) was supplied by Sigma-Aldrich 
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Co. (Milan, Italy). The nematicide oxamyl used in the exper-
iments was a commercial formulation at 10% a.i. (Vydate® 
10 L, Corteva Agriscience, Cernay, France).

Chemical analysis

A Trace GC Ultra Thermo Finnigan gas chromatograph 
equipped with an FID detector was used for the composi-
tional analysis of the C. cassia EO. A 1µL sample of the EO 
solubilized in hexane was injected in the cold on-column 
mode in a DB-5 (J&W Scientific) fused silica capillary 
column of 30 m × 0.25 mm and 0.25-μm film thickness. 
Chromatographic conditions were as follows: detector tem-
perature 300 °C and column temperature programmed from 
60 °C (5 min isothermal) to 280 °C (15 min isothermal) at 
4 °C/min. Hydrogen was the carrier gas (35 kP; 2.0 mL/
min). Data were processed using the Chrom-Card 32-bit 
computing software. Quantitative data of the EO constitu-
ents were expressed as a percentage composition from the 
total peak areas detected from GC–FID analyses without the 
use of correction factors.

GC–MS analyses were performed with a Hewlett-Pack-
ard 6890–5973 mass spectrometer interfaced with a HP 
ChemStation. The chromatographic conditions were as 
follows: column oven program from 40 (5 min isothermal) 
to 280 °C (30 min isothermal) at 4 °C/min and injector, 
280 °C. Helium was the carrier gas (flow rate, 1 mL/min). 
A HP-5 MS capillary column (30 m × 0.25 mm; 0.25-µm 
film thickness) was utilized. MS operating parameters were: 
ion source, 70 eV; ion source temperature, 200 °C; electron 
current, 34.6 µA; and vacuum 10–5 torr. Mass spectra were 
acquired over the 40–800 amu range at 1 scan/s. The ion 
source was operating in the electron impact mode. Samples 
(1 µL) were injected using the splitless sampling technique.

Determination of the chemical composition of the ana-
lyzed EO was based on comparison of GC retention times of 
constituents with authentic reference compounds in combi-
nation with arithmetic indexes (AI) and by means of refer-
ence mass spectra from standard compounds and/or from 
library files (Adams 2007). AI index values were calculated 
using an n-alkane series (C6–C32) under the same GC con-
ditions used for the EO sample.

Bioassays on nematode infective stages

The egg masses of M. incognita were handpicked from 
infested tomato roots and incubated in distilled water in a 
growth chamber maintained at 25 °C. The cysts of G. ros-
tochiensis were extracted from the soil by a Fenwick funnel 
(Hallmann and Subbotin 2018) and incubated in a 0.6mM 
sodium metavanadate hatching solution (Russo and Greco 
2006) in a growth chamber at 20 °C. The emerged J2 of 
both species were collected and stored at 5 °C until their 

use. Specimens of X. index at mixed developmental stages 
were extracted from soil by the Cobb’s decanting and sieving 
method (Hallmann and Subbotin 2018) and then handpicked 
and used immediately. Batches of 100 J2 of M. incognita 
and G. rostochiensis or of 50 specimens of X. index were 
suspended in 0.5 mL of distilled water and placed in 1.5mL 
Eppendorf tubes. Appropriate amounts of the C. cassia EO 
or of (E)-cinnamaldehyde were added to a 0.3% water solu-
tion of Tween 20, as to prepare 25, 50, 100, and 200 μg  mL−1 
solutions. A 0.5mL volume of each solution was poured into 
the Eppendorf tubes containing the nematode suspensions, 
as to reach 12.5, 25, 50, and 100 μg  mL−1 final test con-
centrations. The nematodes were exposed to the test solu-
tions for 4, 8, 24, or 48 h, providing four replicates for each 
concentration x exposure time combination and including 
distilled water, a 2 mL  L−1 water solution of oxamyl, and 
a 0.3% Tween 20 water solution as controls. At the end of 
each exposure time, the nematodes from each replicate were 
ranked as motile or paralyzed under a light microscope and 
then transferred to distilled water for 72 h, after which the 
nematode mortality was confirmed by the persistence of 
immobility. Percentage mortality was calculated accord-
ing to the Abbott’s formula m = 100 × (1 − nt/nc), in which 
m, percent mortality; nt, number of viable nematodes after 
the treatment; and nc, number of viable nematodes in the 
water control (Finney 1978). Probit analysis was applied to 
calculate the  LC50 values of both the C. cassia EO and (E)-
cinnamaldehyde on the three nematode species.

Bioassays on nematode eggs

Batches of 50  M. incognita egg masses (450 eggs per 
mass) or of 50 G. rostochiensis cysts (700 eggs per cyst) 
were placed in 1.5mL Eppendorf tubes containing 0.5 mL 
of distilled water and then added with the same volume of 
200, 400, 800, and 1600 μg  mL−1 solutions of C. cassia 
EO or (E)-cinnamaldehyde, as to reach 100, 200, 400, and 
800 μg  mL−1 final test concentrations. Four replicates were 
provided for each concentration × exposure time combina-
tion, including distilled water, a 2 mL  L−1 oxamyl, and 0.3% 
Tween 20 water solutions as controls. The egg masses and 
the cysts were exposed to the test solutions and the controls 
for 24, 48, or 96 h, after which they were repeatedly rinsed in 
distilled water and placed in 2-cm-diameter sieves (215 μm 
aperture), each arranged within a 3.5-cm-diameter Petri dish. 
A 3mL volume of distilled water or 0.6mM sodium meta-
vanadate hatching solution was added to submerge the M. 
incognita egg masses or the G. rostochiensis cysts, respec-
tively. The Petri dishes were arranged in a growth chamber 
at 25 or 20 °C, respectively, over the whole hatching test 
duration. The emerged J2 of both species were removed and 
microscopically counted at weekly intervals, renewing the 
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distilled water or the 0.6mM sodium metavanadate solution 
at the same time.

The hatching test on the M. incognita egg masses was 
discontinued after five weeks, while the assay on the G. 
rostochiensis cysts was prolonged for eight weeks. At the 
end of both experiments, the number of unhatched eggs was 
counted under a light microscope after dissolving the M. 
incognita egg masses by a 3-min shaking in a 1% sodium 
hypochlorite aqueous solution or crushing the G. rostochien-
sis cyst by the Bijloo’s modified method (Hallmann and Sub-
botin 2018). The total number of hatched J2 was expressed 
as cumulative percentages of the total egg content of egg 
masses or cysts.

Experiments in soil

Tomato roots infested by M. incognita were finely cut, and 
nematode density was determined by extracting eggs and 
J2 from six 10-g root samples by a 3-min shaking in a 1% 
sodium hypochlorite water solution (Hallmann and Subbo-
tin 2018). The root inoculum was then thoroughly mixed 
with a steam-sterilized sandy soil (64.4% sand, 18.7% silt, 
16.9% clay, pH 7.5, and 0.8% organic matter) as to reach an 
initial population density of 20 eggs and J2  mL−1 soil. A 
1.2L volume of the infested soil was poured into 1.5-L clay 
pots and then treated with 100, 200, 400, or 800 mg  kg−1 
soil rates of the C. cassia EO or (E)-cinnamaldehyde 
vehiculated in a 400mL volume of a 0.3% Tween 20 water 
solution. A one-month-old tomato seedling (cv. Regina di 
Fasano) was transplanted in each pot three weeks after the 
treatments. Soil that is non-treated, either non-infested or 
infested by M. incognita, and infested soil treated with oxa-
myl (200 mg  kg−1 soil rate applied three days before and 
15 days after transplanting) or with a 0.3% Tween 20 solu-
tion (applied at the same time of treatments with the EO or 
(E)-cinnamaldehyde) were used as controls. Five replicates 
were provided for each treatment and controls, arranging the 
pots in a randomized block design on the benches of a green-
house maintained at 25 ± 2 °C. The experiments were carried 
out throughout 60 days, after which the plants were uprooted 
and fresh weight of aerial parts and roots was recorded on 
each plant. Gall infestation index was evaluated on each 
tomato root according to the Taylor and Sasser’s 0–5 scale 
(0 = no galls, 1 = 1–2 galls, 2 = 3–10 galls, 3 = 11–30 galls, 
4 = 31–100 galls, and 5 > 100 galls) (Hallmann and Subbo-
tin 2018). The final population density of M. incognita was 
determined on each replicate by microscopically counting 
the eggs and the J2 extracted from each tomato root (3-min 
agitation in a 1% sodium hypochlorite solution) and from a 
500-cm3 soil sample by Coolen’s flotation and centrifugation 
technique (Hallmann and Subbotin 2018).

In the experiment on potato, the same steam-sterilized 
sandy soil used for the experiment on M. incognita was 
added with cysts of G. rostochiensis extracted from infested 
soil by a Fenwick can (Hallmann and Subbotin 2018), as to 
reach a 20 eggs and juveniles  mL−1 soil initial population 
density. As in the first experiment on M. incognita, a 1.2L 
volume of the artificially infested soil was poured into 1.5-L 
clay pots and treated with 100, 200, 400, or 800 mg  kg−1 soil 
rates of the C. cassia EO. A potato tuber (cv. Desiree) was 
sown in each pot three weeks after the treatments. Soil non-
treated, either non-infested and infested, or treated with oxa-
myl (200 mg  kg−1 soil rate at potato emergence and 15 days 
later) or the 0.3% Tween 20 solution (at EO application) 
were included as controls. The pots were arranged in a ran-
domized block design, five replicates per each treatment and 
controls, in a glasshouse at 20 ± 2 °C. The potato plants were 
cultivated for two months, after which the weight of aerial 
biomass was recorded on each plant. The final population 
of G. rostochiensis was determined by extracting cysts from 
a 100-g soil sample by the Fenwick can procedure (Hall-
mann and Subbotin 2018). The cysts were counted under 
a stereoscope and then crushed, as to count the number of 
eggs and J2.

Data analysis

Data from the two experimental runs of each in vitro assay 
and experiment in soil were pooled in the absence of experi-
ment x treatment interactions, as emerging from a prelimi-
nary analysis of variance with experimental runs as factors. 
Pooled data from the in vitro experiments and nematode data 
from experiments in soil were arcsin- and Ln (x + 1)-trans-
formed, respectively, as to remove heterogeneity of the 
error variance. The transformed experimental data were 
subjected to one-way analysis of variance (ANOVA) and 
means compared by Fisher’s Least Significant Difference 
Test (P ≤ 0.05) by using the statistical software PlotIT 3.2 
(Scientific Programming Enterprises, Haslett, MI).

Results

Chemical composition of C. cassia EO

Components identified by GC–FID and GC–MS accounted 
for 100% of total EO composition (Table 1). The EO was 
constituted almost entirely by (E)-cinnamaldehyde (93.74%), 
with low amounts of (E)-cinnamyl acetate (2%), (E)-cinna-
myl alcohol (1%), benzaldehyde (1%), and coumarin (0.79%) 
(Fig. 1). All the other components were present at percent-
ages lower than 0.5%.
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Effects on nematode infective stages

The mortality of M. incognita J2 ranged 12–13% at all the 
exposure times to the 12.5 µg  mL−1 solution of the C. cassia 
EO, while peaked more than 68 and 73% after a 24- and 48-h 
exposure to the same concentration of (E)-cinnamaldehyde, 
respectively (Table 2). (E)-cinnamaldehyde was significantly 
more toxic than the whole EO also at most of the expo-
sure times to the 25 and 50 µg  mL−1 concentrations and 
after a 4-h treatment with 100 µg  mL−1 solution. Adversely, 
no statistical difference occurred after 8-h or longer expo-
sures to the 100 µg  mL−1 concentration of both products. 

The toxicity of oxamyl to M. incognita J2 was significantly 
higher compared to almost all the treatments with the C. 
cassia EO but statistically not different from (E)-cinnamal-
dehyde or even lower at the 100 µg  mL−1 concentration.

The G. rostochiensis J2 were largely more sensi-
tive to both C. cassia EO and (E)-cinnamaldehyde com-
pared to those of M. incognita, as even a 4-h exposure to 
a 12.5 µg  mL−1 solution of the two products was able to 
cause about 39 and 42% mortality rates, respectively. A 24-h 
treatment with the 25 µg  mL−1 solution of the EO and (E)-
cinnamaldehyde was lethal to more than 80 and 76% of the 
treated J2, respectively. At the same concentration, an almost 
complete J2 mortality occurred after a 48-h exposure, with-
out significant differences between the two products. The 
toxicity of both the whole EO and (E)-cinnamaldehyde to 
the G. rostochiensis J2 was significantly higher than that of 
oxamyl at the 4- and 8-h exposures but not statistically dif-
ferent at almost all the 24- and 48-h treatments with the 50 
and 100 µg  mL−1 solutions.

The specimens of X. index were not or poorly affected by 
the 12.5 and 25.0 µg  mL−1 concentrations of both C. cassia 
EO and (E)-cinnamaldehyde up to a 24-h exposure, while 
76.7 and 90% mortality occurred after a 48-h immersion in 
the 25 µg  mL−1 solution, respectively. A 50 µg  mL−1 con-
centration of the EO and (E)-cinnamaldehyde caused about 
70 and 80% mortality within 8 h, respectively. A complete 
mortality occurred after a 48- and 8-h exposure of the X. 
index specimens to a 100 µg  mL−1 solution of the EO and 
(E)-cinnamaldehyde, respectively.

The LC50 values of both the C. cassia EO and the (E)-
cinnamaldehyde were always lower for G. rostochiensis 
compared to the other two nematode species, while treat-
ment of M. incognita J2 with (E)-cinnamaldehyde always 
resulted in lower LC50 values compared to X. index. The 
LC50 of (E)-cinnamaldehyde was always lower than that of 
the whole EO for all the three nematode species.

Table 1  Constituents (% ± SD) 
of the essential oil from C. 
cassia as determined by GC–
FID and GC–MS analyses

* Compounds are listed according to their elution time. AI calc = arithmetic indexes calculated on a DB-5 
column in reference to n-alkanes series  (C6–C32) under the same GC conditions as that for the EO; AI 
tab = published arithmetic indexes

Compounds AI tab* AI calc* % ± SD Identification method

Benzaldehyde 952 950 1.00 ± 0.008 GC, GC–MS
Salicylaldehyde 1039 1041 0.33 ± 0.007 GC–MS
Phenylethylalcohol 1106 1103 0.11 ± 0.077 GC–MS
Benzene pentyl 1152 1150 0.30 ± 0.005 GC–MS
(E)-cinnamaldehyde 1267 1265 93.74 ± 0.15 GC, GC–MS
(E)-cinnamyl alcohol 1303 1300 1.00 ± 0.002 GC, GC–MS
α-cubebene 1345 1344 0.31 ± 0.02 GC, GC–MS
Coumarin 1432 1435 0.79 ± 0.02 GC–MS
(E)-cinnamyl acetate 1443 1445 2.02 ± 0.0003 GC, GC–MS
(E)-methoxycinnamaldehyde 1562 1560 0.4 ± 0.018 GC, GC–MS

Fig. 1  Gas-chromatogram of essential oil from Cinnamomum cassia. 
Only major components are indicated
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Effects on egg hatchability

The hatchability of M. incognita eggs was not affected by 
the Tween 20 solution, while the exposure to the oxamyl 
solution resulted in a maximum 43.2% egg hatch reduc-
tion only after a 96-h exposure (Fig. 2). Adversely, the egg 
hatch was reduced to only 8.6 and 9.2% by a 24-h treat-
ment of the egg masses with a 800 µg  mL−1 solution of the 
C. cassia EO and (E)-cinnamaldehyde, respectively, vs. 
the 91.6% hatch in water. The number of hatched eggs was 
almost nil after a 96-h exposure to all the tested concentra-
tions of the C. cassia EO or to the 400 and 800 µg  mL−1  
(E)-cinnamaldehyde solutions.

All treatments with the C. cassia EO and (E)-cinnamal-
dehyde significantly reduced the hatch of G. rostochiensis 
eggs compared to the Tween 20 and sodium metavanadate 
controls. The egg hatch reduction caused by C. cassia EO 
and (E)-cinnamaldehyde was statistically similar, ranging 
about 92% after a 96-h cyst treatment with 800 µg  mL−1 
solutions.

Effects on soil nematode infestation

Soil treatments with the C. cassia EO significantly reduced 
the number of M. incognita eggs and J2 and the gall forma-
tion on tomato roots, as well as the final nematode density 
in soil (Table 3). The suppressive effect of the EO on root-
knot nematode infestation was not different from that of 
oxamyl or even statistically higher at doses ≥ 200 mg  mL−1. 
Most of treatments with (E)-cinnamaldehyde resulted in a 
significantly lower M. incognita multiplication on tomato 
roots compared to the same dose of the C. cassia EO, as 
well as not statistically different or even more suppressive 
than oxamyl (Table 3). The tomato growth parameters were 
significantly improved by treatments with both the C. cassia 
EO and the (E)-cinnamaldehyde compared to the non-treated 
control, as well as were not statistically different or even 
higher compared to the treatment with oxamyl.

In the experiment on potato, the final number of G. 
rostochiensis cysts and eggs was always significantly 
lower in soil treated with both the C. cassia EO and the 

Fig. 2  Percentage hatchability of  eggs of Meloidogyne incognita 
and Globodera rostochiensis after 24-, 48-, or 96-h exposures of 
egg masses and cysts, respectively, to 100–800  μg   mL−1  solutions 
of essential oil from Cinnamomum cassia and (E)-cinnamaldehyde 

(means ± SE of four replicates from two pooled experimental runs). 
Bars marked by the same letter are not significantly different accord-
ing to the Least Significant Difference Test (P ≤ 0.05)
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(E)-cinnamaldehyde than in the non-treated control or in soil 
applied with the Tween 20 solution, while the two highest 
rates of both products were also statistically more suppres-
sive than the treatment with oxamyl (Fig. 3). The final popu-
lation density of G. rostochiensis was always significantly 
lower in soil treated with (E)-cinnamaldehyde compared to 
the correspondent dose of the whole C. cassia EO. All the 
treatments with both the whole EO and the (E)-cinnamalde-
hyde provided a significant plant growth increase compared 
to the non-treated control and Tween 20 solution, without 
any statistical difference from the non-infested control or the 
treatment with oxamyl.

Discussion

The C. cassia EO used in this study was almost entirely con-
stituted by (E)-cinnamaldehyde, present at a higher percent-
age (93.7 vs. 83.3%) compared to the C. cassia EO inves-
tigated in a previous study of Jardim et al. (2018), which 
presented a higher percentage of methoxycinnamaldehyde 
(7.1% vs. the 0.4% of our EO). These differences can be 
attributable to the different source plant parts of the two 
EOs, i.e., leaves and twigs for our EO vs. bark for the C 
cassia EO used in the previous study. However, a large fluc-
tuation of the (E)-cinnamaldehyde content in C. cassia EO 
was reported also by other studies, as ranging from 42 to 
91% according to geographic region, climate, and agronomic 
factors (Kim et al. 2016; Geng et al. 2011).

The data from the in vitro assays indicated a strong effect 
of both the C. cassia EO and the (E)-cinnamaldehyde on J2 
viability and egg hatchability of both the root-knot species 
M. incognita and the cyst nematode G. rostochiensis. The 
strong toxicity to M. incognita J2 and eggs was previously 
observed also for the EO from C. cassia bark tested by Jar-
dim et al. (2018), as significantly reducing J2 viability and 
egg hatchability after a 48-h exposure to a 62 µg  mL−1 EO 
concentration. Analogous effects on M. incognita J2 and 
eggs were also reported for an EO from C. verum (syn. C. 
zeylanicum Blume) prevalently (85%) constituted by (E)-
cinnamaldehyde (D’Addabbo et al. 2020). In addition to the 
EO, also the water and methanolic extracts from C. cassia 
bark were found for a toxicity to root-knot nematodes, rang-
ing from a temporary immobilization of M. javanica J2 to a 
95.8% J2 mortality and 82% egg hatch inhibition observed 
on M. incognita (Seo et al. 2014). The activity of (E)-cin-
namaldehyde on M. incognita J2 and eggs observed in this 
study confirmed the previous data of Jardim et al. (2018), as 
well as was also reported for the (E)-cinnamaldehyde from a 
C. zeylanicum EO () and also extended to M. javanica (Bar-
ros et al. 2021; Oka 2001).

This study is the first report of the activity of a C. cassia 
EO and (E)-cinnamaldehyde on the J2 and the eggs of the 
potato cyst nematode G. rostochiensis. A significant reduc-
tion of the hatchability of G. rostochiensis egg was previ-
ously documented only for a C. camphora EO (Renco et al., 
2015), while the (E)-cinnamaldehyde was found toxic to 
the J2 and the eggs of other cyst nematode species, such as 
the cereal cyst nematode Heterodera avenae Wollenweber 

Table 3  Effect of soil 
treatments with 100–
800 mg  kg−1 soil rates of 
Cinnamomum cassia essential 
oil and (E)-cinnamaldehyde on 
the infestation of Meloidogyne 
incognita on tomato cv. Regina 
di Fasano and on the growth of 
tomato plants (means ± SE)

a mg  kg−1 soil; b200 mg  kg−1 soil; c0.3%. Data are means of five replicates from two pooled experimental 
runs

Treatment Nematode population (eggs and 
J2)

Root gall infestation
(0–5)

Plant weight (g)

g-1 roots (× 1,000) mL−1 soil Aerial parts Roots

Cinnamomum cassia EO
100a 49.4 ± 2.2 19.0 ± 1.0 4.4 ± 0.2 26.0 ± 1.5 11.8 ± 1.0
200 36.4 ± 1.8 8.9 ± 0.7 4.0 ± 0.3 30.2 ± 1.1 12.4 ± 0.2
400 18.6 ± 2.2 5.9 ± 0.3 3.0 ± 0.0 30.5 ± 1.7 13.1 ± 0.5
800 9.1 ± 0.3 3.3 ± 0.3 2.4 ± 0.4 31.6 ± 1.2 17.3 ± 1.4

(E)-cinnamaldehyde
100 40.8 ± 0.6 12.2 ± 0.5 4.0 ± 0.3 27.4 ± 0.6 12.2 ± 0.7
200 25.2 ± 0.9 5.5 ± 0.8 3.4 ± 0.4 30.0 ± 0.9 11.9 ± 0.8
400 15.8 ± 12.4 2.7 ± 0.2 2.6 ± 0.2 28.5 ± 0.9 12.5 ± 0.5
800 4.5 ± 0.5 1.2 ± 0.1 1.4 ± 0.2 30.4 ± 1.4 18.7 ± 1.0
Oxamylb 26.0 ± 1.6 5.5 ± 0.2 2.8 ± 0.4 26.0 ± 0.8 11.6 ± 0.5
Tween  20c 62.7 ± 1.3 26.5 ± 0.9 4.8 ± 0.2 19.5 ± 0.4 9.7 ± 0.2
Non-treated 63.4 ± 0.9 27.7 ± 0.6 4.8 ± 0.2 19.1 ± 0.5 8.9 ± 0.4
Non-infested – – – 31.2 ± 1.1 15.3 ± 1.3
LSD (P ≤ 0.05) 4.0 1.7 0.8 3.0 2.3
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and the soybean cyst nematodes H. glycines Ichinohe (De 
Oliveira Barizon 2020; Li et al. 2017). In addition to EOs’ 
terpene components, G. rostochiensis J2 were found highly 
sensitive also to plant sesquiterpene compounds, such as 
caffeic and chlorogenic acid and artemisinin from annual 
wormwood, A. annua L. (D’Addabbo et al. 2013). Informa-
tion on EOs’ activity on X. index is even poorer than on cyst 
nematodes, as limited to the report of a strong in vitro toxic-
ity of the EOs from Moroccan ecotypes of A. herba-alba, 
C. sinensis, R. officinalis, and T. satureioides to an Italian 
population of X. index (Avato et al. 2017).

Based on the values of LC50, G. rostochiensis was the 
most sensitive of the three nematode species either to C. 
cassia EO or to (E)-cinnamaldehyde, while the sensitivity 
of M. incognita J2 to (E)-cinnamaldehyde was much higher 
compared to that of X. index, with a contrasting response of 
these two species to the C. cassia EO. The variability of the 

response to EOs and, more generally, to plant compounds 
among the nematode species was already documented by 
previous studies (Avato et al. 2017; D’Addabbo et al. 2013) 
and related to the different anatomy, biology, and feeding 
behavior of each species (Davies and Curtis 2011; Sánchez-
Moreno and Ferris 2018).

In addition to the three species targeted by this study, 
the activity of C. cassia EO and (E)-cinnamaldehyde was 
also assessed on other phytoparasitic nematode. A strong 
toxicity of EOs from Cassia species was reported on adult 
specimens of B. xylophilus, as well as a complete mortality 
of the stem nematode Ditylenchus dipsaci (Kuehn) Filipjev 
was observed after a 4-h exposure to a 2,000ppm concentra-
tion of a C. cassia EO (Douda et al. 2010; Faria et al. 2021). 
(E)-cinnamaldehyde was documented for a strong toxicity 
to B. xylophilus and to the root-lesion nematodes of genus 
Pratylenchus (Barbosa et al. 2024; Faria et al. 2021).

Both the experiments in soil indicated a strong suppres-
siveness of soil treatments with both the whole C. cassia 
EO and the cinnamaldehyde to the infestation of M. incog-
nita and G. rostochiensis on tomato and potato, respectively. 
There is no previous report on the effect of the C. cassia 
EO and, more generally, of EOs in soil infested by potato 
cyst nematodes, while the data from the experiment on M. 
incognita are in good agreement with the findings from 
soil experiments of Jardim et al. (2018), which described a 
significant reduction of gall formation and egg density on 
soybean roots following to soil treatments with an emulsion 
of the C. cassia EO. In addition to the EO, significant sup-
pressive effects were also reported for treatments with C. 
cassia bark extracts in soil infested by M. incognita on cof-
fee and cucumber, as well as following to soil amendments 
with 0.2% C. cassia stem bark (Luong et al. 2020; Nguyen 
et al. 2011; Kim et al. 2003a, b). In both the experiments on 
tomato and potato, the suppressive effect of soil treatments 
with (E)-cinnamaldehyde on the nematode infestation was 
significantly higher than that of the whole C. cassia EO, 
in good agreement with data from the previous studies in 
soil infested by root-knot nematodes on soybean or tomato 
(Jardim et al. 2018; Oka 2001).

In addition to nematicidal properties, C. cassia EO and 
(E)-cinnamaldehyde also showed a biocidal activity on other 
crop pests and pathogens. The insecticidal activity of the 
C. cassia EO and its components was documented on the 
spotted wing drosophila Drosophila suzukii Matsumura and 
the rice weevil Sitophilus oryzae L., as well as on the adult 
beetles of the storage pest Lasioderma serricorne Fabricius 
(Kim et al. 2016; Lee et al. 2008; Kim et al. 2003a, b). Anal-
ogously, (E)-cinnamaldehyde was reported for a fumigant 
toxicity to the kidney bean (Phaseolus vulgaris L.) bruchid 
Acanthoscelides obtectus Say and the oak nut weevil Mecho-
ris ursulus Roelofs (Park et al. 2000; Regnault-Roger and 
Hamraoui 1995), as well as for an antifeedant activity on 

Fig. 3  Effect of soil treatments with 100–1000 µg   kg−1 soil rates of 
the essential oil from Cinnamomum cassia and (E)-cinnamaldehyde 
on the infestation of Globodera rostochiensis and growth potato 
plants cv. Desiree (means ± SE of five replicates from two pooled 
experimental runs). Bars marked by the same letter are not signifi-
cantly different according to the Least Significant Difference Test 
(P ≤ 0.05)
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the fruit fly Ceratitis capitata Wiedemann (Moretti et al. 
1998). The antifungal properties of the C. cassia EO and 
extracts were proved on various phytopathogenic fungi, 
such as Alternaria alternata (Fr.) Keissl, Rhizoctonia solani 
(Cooke) Wint., and Sclerotinia sclerotiorum (Lib.) de Bary 
(Ojaghian et al. 2014; Nguyen et al. 2009; Feng and Zheng 
2007). (E)-cinnamaldehyde was also demonstrated for a fun-
gicidal potential on phytopathogenic fungi such as Collec-
totrichum gloeosporioides (Penz. et Sacc., Fusarium solani 
(Mart.) Sacc. and R. solani (Lee et al. 2005).

The mechanisms of the nematicidal activity of EOs and 
their components on phytoparasitic nematodes are still 
unclear, though various mechanisms have been already 
hypothesized by analogy with insects. Kang et al. (2013) 
observed a more than 50% inhibition of acetylcholinest-
erases following the treatment of B. xylophilus with some 
monoterpene, phenylpropene, and sesquiterpene com-
pounds. Other key enzymes, such as GABA and octopamine 
receptors or cytochrome P450, were also found to be affected 
by some EOs and their constituents (Regnault-Roger et al. 
2012; Priestley et al. 2003; Enan 2001). In addition, Nguyen 
et al. (2011) described an increased activity of antioxidant 
enzymes, such as superoxide dismutase, catalase, and ascor-
bate peroxidase, in cucumber plants treated with the C. cas-
sia extracts, hypothesizing an increased plant resistance 
against biotic stresses like a nematode attack. Helander et al. 
(1998) observed an effect of EO components as carvacrol on 
bacteria cell membranes, resulting in a leakage of cellular 
material and ATP. Changes in the internal pH and a leakage 
of potassium and phosphate ions were also found in bacterial 
cells exposed to an oregano EO or to thymol and carvacrol 
(Lambert et al. 2001). Data on the activity of the C. cassia 
EO, containing (E)-cinnamaldehyde as the main component, 
may be consistent with a mechanism of action determined 
by the structure of the molecule. (E)-cinnamaldehyde is a 
phenylpropanoid naturally deriving from the shikimate path-
way and characterized by two reactive electrophilic sites, 
the α,β-unsaturated cinnamyl moiety and the aldehydic car-
bonyl group, which can act as pharmacophores. Due to this 
molecular feature, (E)-cinnamaldehyde can alkylate cellular 
nucleophiles through addition-type reactions and affect sev-
eral biological events, such as inducing the inhibition of key 
enzymes or interacting with the parasite membranes.

Beside the nematicidal effect, both experiments in soil 
also evidenced a growth stimulation on both tomato and 
potato plants by the C. cassia EO, in agreement with the 
positive effects on soybean plants reported by Jardim et al. 
(2018) and with the results from our previous studies on 
other EOs (Laquale et al. 2018, 2015; Avato et al. 2017). 
A plant growth stimulation was also observed for the treat-
ments with (E)-cinnamaldehyde, as confirming the increased 
tomato growth observed by Oka (2001) in soil treated with 
this compound.

The vehiculation in water by a drip irrigation system 
could be a suitable mode for distribution of the C. cassia 
EO or (E)-cinnamaldehyde in field or greenhouse, as the 
most technically feasible for the farmers. However, the high 
volatility of these products could limit their effectiveness 
on the target nematode species, as suggesting to avoid a 
direct dispersion. A preliminary stabilization of the prod-
ucts with biopolymer micro- or nanocapsules, chitosan, or 
other organic matrices could ensure their slower release in 
the soil and, therefore, could prolong their effects on phy-
toparasitic nematode populations. The doses of potential 
treatments with the two compounds could be referred to 
those of EOs-based nematicides currently present on the 
Italian market, ranging from the 35–50 L  Ha−1 of a clove 
(Syzygium aromaticum L.) EO formulation to the 9 L  Ha−1 
of a geraniol–thymol mixture for treatments both before and 
after tomato transplanting.

Conclusion

Data from this study evidenced that the strong activity of C. 
cassia EO and (E)-cinnamaldehyde is extended not only to 
the root-knot nematodes of genus Meloidogyne but also to 
other phytonematode species with a different biology and 
feeding behavior, as the cyst nematode G. rostochiensis 
and the virus-vector nematode X. index. Therefore, these 
products could be suitable raw materials or simply model 
compounds for developing new wide-spectrum nematicides 
mainly addressed to organic crop systems, where few pest 
control tools are available, or to high-value greenhouse 
crops, as particularly affected by the current scarcity of 
effective synthetic nematicides.
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