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ABSTRACT: Fatty acids, the essential components of life, were widely present in various seed cakes, gutter oil, and other
resources. The objective of this study was to evaluate the potential antagonistic effects of nine fatty acids (FAs) against
Meloidogyne incognita (root-knot nematodes). The results showed that butyric, caprylic, capric, lauric, myristic, palmitic, and oleic
acids significantly reduced M. incognita reproduction, whereas cucumber (Cucumus sativus) biomass was not adversely affected by
the tested FAs and was even significantly increased in several fatty acids treatments. All nine tested fatty acids showed apparent
inhibitory effects on egg hatching on day 21, especially capric acid with which the hatching rate was reduced to 15.8% as
compared to that using sterile distilled water. Caproic, caprylic, capric, lauric, myristic, and palmitic acids caused significantly
higher mortality of the second-stage juvenile of M. incognita than the other three FAs, and both caprylic and capric acids resulted
in approximately 50% mortality (2000 μmol/L) after a 24 h exposure. In conclusion, fatty acids showed the nematicidal effect
differently, among which capric acid showed a strong nematicidal effect and might be a powerful active substance for integrated
M. incognita management. Given the general nematicidal properties of FAs, farmers might utilize waste resources, such as oil seed
cake, gutter oil, etc., containing various FAs or use pure FAs for effective M. incognita management.
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■ INTRODUCTION

Fatty acids (FAs) are ubiquitous in nature and play crucial roles
in life processes because they are basic components of lipids
and occur naturally in the form of glycerol esters in animal or
vegetable fats and oils. Most naturally occurring FAs contain a
chain with an even number of carbon atoms, ranging from 4 to
28. A large number of FAs have antifungal activities,1−3

including butyric, caproic, caprylic, capric, and palmitic acids,
while some unsaturated FAs have an inhibitory effect on several
plant pathogens. Unsaturated FAs activate resistance against
plant diseases such as protecting pearl millet from downy
mildew.4 In addition, several types of FAs and their derivatives
have also been reported to have nematicidal activities.5−7 Djian
et al.5 reported that volatile FAs (i.e., acetic acid, propionic acid,
and butyric acid) had nematotoxic activity against Meloidogyne
arenaria. Unsaturated FAs had the same or greater activity than
saturated FAs with the same carbon numbers. Schwarz et al.6

showed that 3-hydroxypropionic acid was active against
Meloidogyne incognita and Caenorhabditis elegans. Davis et al.7

reported that the microemulsions of the C9 FA esters inhibited
Meloidogyne javanica and Heterodera glycines. Several other
studies have also demonstrated the nematicidal activities of
some fatty acids from different natural sources. A methanol
extract from the ripe fruits of Melia azedarach, containing
caproic acid (C6:0 FAs) and others, had high nematicidal
activity against the second stage juveniles of M. incognita.8,9

Volatile FAs released from the anaerobic digestion of animal
manures also showed the nematicidal activities against H.
glycines.10,11 Furthermore, both pentadecanoic and palmitic
acids from the bacterium Lysinibacillus mangiferahumi were
shown to have nematicidal activities against M. incogntia.12

Fatty acids are present in wastes or byproducts of food
industry. Traditionally, a large amount of seed cakes are applied

to agricultural fields as an organic amendment worldwide. In
seed cakes various fatty acids have been detected,13−15 which
include palmitic, oleic, stearic, and linoleic acids present in oil
from soybeans, sunflower seed, maize, rape,16 and pomegran-
ates.17 In addition to improvement of soil fertility, seed cake has
a potential effect on the control of plant parasitic nematodes
and other plant pathogens.18 However, in most cases
application of seed cakes is for the purpose to improve soil
fertility, rather than for the control of plant parasitic nematodes
and plant pathogens, which is the intrinsic properties of seed
cakes. In addition, it is estimated that 2−3 million tons of
kitchen waste, namely cooking oil waste, is recycled annually in
China and even misused in restaurants, hotels, and public
canteens. Gutter oil contains many carcinogenic substances.19

Therefore, exploration of other optional ways for the reuse of
gutter oil is urgent and necessary with regard to human health.
Root-knot nematodes (RKNs) (Meloidogyne spp.) are one of

the most damaging nematodes causing an estimated annual loss
of $118 billion U.S. to world crop yields.20 In particular, the
Meloidogyne spp. is an obligate parasite with a broad host
spectrum, which infects approximately 1700 plant species.21

Currently, the main option for the control of plant parasitic
nematodes is the application of chemical nematicides and
fumigants, which may have negative environmental side effects.
Thus, there is an increasing need to develop environmentally
safe and effective alternative strategies for the control of plant
parasitic nematodes, which could replace nematicides and
fumigants that have been abandoned or restricted due to
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potential hazard to the environment or human health.22 For
instance, neem oil cake was shown to be effective in the
management of plant parasitic nematodes, such as Pratylenchus
delattrei with increased plant biomass and higher flower
yields.23 There have been 36 natural organic compounds
identified and evaluated for their potential use in nematode
control.24

Considering the nematicidal properties of fatty acids, we
hypothesized that these byproducts and wastes (seed cake,
gutter oil, and other sources) might have the potential for
RKNs control. Previous studies have been conducted on the
antagonistic effects of seed cake against the Meloidogyne
spp.,18,25,26 but direct evaluations of common FAs against M.
incognita are quite few. In addition, previous assessments of the
nematicidal activity of FAs have only tested one or two FAs
simultaneously, despite that fact, simultaneous evaluation of the
nematicidal properties of several fatty acids can give insight on
the future use of these byproducts and wastes for plant parasitic
nematode control.
The objective of the present study was to simultaneously

evaluate the effects of seven saturated FAs, namely, butyric,
caproic, caprylic, capric, lauric, myristic, and palmitic acids, as
well as two unsaturated FAs, oleic and linoleic acids, on
reproduction, egg hatching, and J2 mortality of M. incognita.

■ MATERIALS AND METHODS
Fatty Acids. The saturated FAs tested for their nematicidal

activities included butyric (C4:0 95% purity), caproic (C6:0 99%
purity), caprylic (C8:0 98% purity), capric (C10:0 99% purity), lauric
(C12:0 98% purity), myristic (C14:0 99% purity), and palmitic (C16:0
99% purity) acids, and the unsaturated fatty acids were oleic acid
(C18:1Δ9c 99% purity) and linoleic acid (C18:2Δ9c,12c 97% purity).
All reagents were purchased from the Tianjin Reagent Corp.
An appropriate amount of each FA was dissolved and thoroughly

mixed with 10 mL acetone, 1 mL Tween-80, and 1 mL dimethyl
sulfoxide, which was subsequently added to an acetone/FA mixture
and mixed evenly. The Tween-80/dimethyl sulfoxide/acetone mixture
was regarded as a medium control (Medium) in the following assays.
Next, 1 mL of the Tween-80/dimethyl sulfoxide/acetone/FA solution
was diluted with sterile distilled water (SDW) to make a solution of
100 mL (2000 μmol/L). An appropriate volume of solution was
diluted with SDW to give final concentrations of 100 and 1000 μmol/
L.
Nematode Preparation. Eggs were obtained from the M.

incognita-infected pepper (Capsicum annuum L.) plants cultured
under greenhouse conditions by stirring with a 1% NaClO solution,
rinsing thoroughly with tap water, and centrifuging with a 38% sucrose
solution. The supernatant was rinsed with tap water and SDW, and the
prepared egg solutions were used within one day. 27

The M. incognita J2s were hatched from the egg masses and were
placed in an antibiotic SCQ solution (100 ppm streptomycin sulfate,
50 ppm chlortetracycline, and 20 ppm 8-quinolinol) for 24 h at 4 °C28

and then rinsed with SDW.
Effects of Fatty Acids on M. incognita Reproduction. A pot

assay was conducted in a greenhouse at the College of Life Sciences,
Nankai University. Cucumber seeds (Cucumis sativus var. Jinchun No.
4) were purchased from the Tianjin Academy of Agricultural Sciences.
After heating at 80 °C for 8 h, 0.8 kg of a soil and vermiculite mixture
(1:1 v/v) was placed into each pot and fertilized with 0.74 g K2SO4,
0.74 g CO(NH2)2, and 0.48 g NH4H2PO4 per kg of soil mixture.2

Next, eight FAs were added separately (i.e., butyric acid, caproic acid,
caprylic acid, lauric acid, myristic acid, palmitic acid, and oleic acid)
and thoroughly mixed with the soil mixture at 0.15‰ w/w or 1.5‰
w/w. Pots without FAs were included as controls. A single one-week-
old cucumber plant was transplanted into each pot. Four days after
transplantation, 2 mL egg suspensions (5000 eggs) were inoculated
into four holes (1−2 cm depth) around the base of each cucumber

plant. Pots were arranged randomly and watered as necessary. There
were five pots for each FA treatment and 10 pots for the controls (50
pots in total). The cucumber plants were harvested 40 days after M.
incognita inoculation. The M. incognita eggs were collected from the
plant roots as previously described and counted using an inverted
microscope (CK41 Olympus). Both shoots and roots where eggs were
collected were oven-dried at 105 °C for 30 min, followed by 80 °C for
10 h, and finally, they were weighed. The plant height, leaf number,
stem diameter, and shoot and root dry weights were recorded. The
experiments were repeated once.

Hatching Assay. The effects of FAs on the hatching of M.
incognita were quantified based on the published procedures described
in literature.28 We pipetted 1 mL of a suspension containing 500 eggs
onto a 1 cm diameter sieve with a 35 μm pore size. The sieves
containing eggs were placed individually into the single well of a 24-
well tissue culture plate, where only the center well of each plate was
used.11 Approximately 2 mL prepared FAs (100, 1000, and 2000
μmol/L) were added to the tissue culture plates so it only reached the
bottoms of the sieves. SDW and Medium were included as controls.
Each tissue culture plate included one treatment with six replicates to
avoid disturbance among treatments, and plates were sealed with
parafilm. The tissue culture plates were incubated in an incubator at 25
°C. On day 3, 7, 14, and 21 after exposure, the hatching solutions were
replaced with the fresh solution, and the J2s that hatched in the
solutions were counted.

J2 Viability. This experiment was performed with 24-well tissue
culture plates. We poured 1 mL of prepared FAs (0, 100, 1000, and
2000 μmol/L) into tissue culture plates, and then added 20 μL of the
nematode suspension (i.e., 50 to 100 nematodes). Each tissue culture
plate included one treatment with six replicates. Plates were covered
with plastic lids and sealed with parafilm to minimize evaporation and
the loss of solution, followed by dark incubation at 25 °C. The
mortality response was determined after 12 and 24 h of exposure at
three different concentrations. After the incubation period, the
mortality of J2s was quantified using an inverted microscope (CK41
Olympus). The viability of J2s was determined by adding 80 μL of
NaOH to the solution, and J2s that changed shape from straight to
curled or hook-shaped within 1 min were not considered viable.29

Each treatment was repeated once with six replications.
Statistical Analysis. All data from the assays of M. incognita

reproduction, egg hatching, and J2 viability were analyzed using a one-
way analysis of variance (ANOVA). The egg number and plant
biomass in the reproduction assay were log-transformed to satisfy the
ANOVA assumptions of homogeneity of variances. The percentage
data for J2 viability were arcsine-transformed to meet the ANOVA
assumptions of homogeneity of variances.

The means of data from the reproduction and egg hatching assay
were compared using the Fisher’s least significant difference test at P <
0.05. In the J2 viability test, each FA was compared to the control
(medium solution) using the Dunnett’s test at P < 0.05 and P < 0.01.
All data were analyzed using SPSS 16.0.

■ RESULTS
Effects on M. incognita Reproduction and Plant

Biomass. The effect of FAs application on egg number was
significantly different in trial 1 (F16,73 = 5.076, P < 0.001) and
trial 2 (F16,73 = 2.688, P = 0.002) (Figure1). In this trial, butyric
(0.15‰), caprylic (0.15‰), capric (0.15‰, 1.5‰), Lauric
(1.5‰), myristic (0.15‰, 1.5‰), palmitic (1.5‰), and oleic
acids (0.15‰, 1.5‰) caused a significant reduction of
nematode reproduction as compared with the control. In the
second trial, caproic (1.5‰) caprylic (1.5‰), capric (0.15‰,
1.5‰), and oleic acids (1.5‰) showed significant adverse
effects on nematode production. In both trials, plant biomass
was not affected by the addition of FAs (Figure 2). The plant
growth enhancement in Trial 1 (F16,73 = 3.276, P < 0.001)
seemed to be higher than that in trial 2 (F16,73 = 1.384, P =
0.174). In the former, lauric (0.15‰, 1.5‰), palmitic
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(0.15‰), and oleic (1.5‰) acids even showed a significant
stimulation to plant growth while in the latter, plant growth was
improved with capric (0.15‰) and palmitic (0.15‰) acids
compared to the control.
Effects on Hatching. In general, the inhibitory effects of

fatty acids on egg hatching were observed on day 14 and 21
after exposure. In particular, egg hatch rate in capric acid (2000
μmol/L) was significantly reduced to 13.4% on day 14 and
15.8% on day 21 as compared to that of the SDW control and
to 15.8% on day 14 and 18.0% on day 14 as compared to that
of the Medium control (Table 1).
Effects on J2 Mortality. In general, fatty acids exposure

had apparent effects on the J2 mortality (Table 2). Compared
to the control, the J2 mortality of M. incognita after 12 and 24 h
exposure to caprylic, capric, and lauric acids was significantly
higher at 1000 μmol/L and 2000 μmol/L in both trials,
respectively. In addition, the J2 morality in caproic (2000
μmol/L) and palmitic acid (2000 μmol/L) was also
significantly higher than those of their corresponding control
treatment.

■ DISCUSSION
The present study clearly demonstrated the presence of
nematicidal effects of tested fatty acids, in terms of
reproduction, egg hatching, and J2 mortality of M. incogntia

RKNs, although the suppression varied with types of FAs. It
indicated that natural fatty acids, capric acid in particular, might
have the potential to contribute to the integrated RKNs
management.
In general, most of the tested fatty acids showed the trend of

inhibiting the reproduction of RKNs. Capric (C10:0) (0.15‰,
1.5‰), and oleic acid (C18:1Δ9c) (0.15‰) significantly
inhibited RKN production in both trials and did not show
phytotoxic effects. Rather, a stimulatory effect was observed in
the treatment with palmitic acids (0.15‰). From the economic
perspective, the low level of capric acid (C10:0) (0.15‰) with
clear antagonistic effects against RKNs will decrease the
treatment costs, which could make a more competitive
candidate for further exploration as an alternative to chemical
nematicides or fumigants. For example, the positive results of
reproduction depression, egg hatching inhibition, and J2
mortality showed that capric acid could be a potential
alternative for M. incognita control. To our knowledge, this is
the first report of possible nematicidal properties of capric acid
for RKN control. Past research reported that butyric acid was
effective as a synthetic nematicide in suppressing M. incognita,30

and Pratylenchus penetrans.31 β-amino-butyric acid, a derivative
of butyric acid (C4:0), also had an inhibitory effect on root-
know nematodes (M. javanica).32 In the present study, butyric
acid manifested the inhibitory effects on RKNs, but only
reached the significant level at the level of 0.15‰ in the first

Figure 1. The effects of eight fatty acids on egg numbers of M.
incognita in cucumber (Trials 1 and 2). Fatty acids were premixed with
soil at the rate of 0.15‰ and 1.5‰ (w/w). There were five pots for
each fatty acid treatment and 10 pots for controls. The whole
experiment was repeated once. Different letters indicate a significant
difference between treatments (P < 0.05). The arrow above bar
indicates the significant difference between the control and fatty acid
treatment (P < 0.05).

Figure 2. The effects of eight fatty acids on the biomass ofM. incognita
in cucumber (Trials 1 and 2). Fatty acids were premixed with soil at
the rate of 0.15‰ and 1.5‰ (w/w). There were five pots for each
fatty acid treatment and 10 pots for controls. The whole experiment
was repeated once. Different letters indicate a significant difference
between treatments (P < 0.05). The arrows above bars indicate the
significant difference between the control and fatty acid treatment (P <
0.05).

Journal of Agricultural and Food Chemistry Article

dx.doi.org/10.1021/jf3036885 | J. Agric. Food Chem. 2012, 60, 11631−1163711633



trial. The difference in medium, the sand in Browning’s study,
and the mixture of soil and vermiculate in this study might
partially contribute to the discrepancy between the two
studies.30 Considering that the nematicidal effects of butyric
acid on RKNs appear to be lower than those of capric acid in
the present study, we predicted that the latter might have
higher potential for RKN control.
It was interesting to note that palmitic acid (1.5‰ in the first

trial) and oleic acid (0.15‰ in both trials, 1.5‰ in the first
trial) showed their nematicidal activity. Palmitic acid, oleic acid,

and linoleic acid extracted from the stem and root of Mucuna
aterrima have demonstrated nematicidal activity due to their
ability of killing M. incognita J2s and inhibiting egg hatching.33

Seo et al.34 suggested that the existence of a double bond at the
α,β-position of the carbonyl group might increase the
nematicidal activity of aldehydes. This may be said of oleic
acid (C18:1Δ9c) because it possesses a double bond. Our
previous study found that palmitic (C16:0) and oleic acid
(C18:1Δ9c) were the main components of sesame cake.35

Given that these two acids are the basic components of seed

Table 1. Cumulative Percentage of Hatching of Meloidogyne incognita Treated with Nine Fatty Acidsa

fatty acids (μmol/L) 3 d 7 d 14 d 21 d

butyric acid 100 1.60 ± 1.28 6.70 ± 1.89ab 13.90 ± 3.69b 20.37 ± 3.93b
1000 2.00 ± 1.41 7.87 ± 2.64ab 17.17 ± 4.22b 21.47 ± 4.25b
2000 0.67 ± 0.43 4.47 ± 2.05b 8.17 ± 3.55b 14.13 ± 3.86b

SDW 0.57 ± 0.37 12.63 ± 3.84a 35.77 ± 4.48a 44.87 ± 3.93a
medium 0.20 ± 0.09 10.40 ± 1.37ab 30.47 ± 2.12a 39.23 ± 1.44a
caproic acid 100 0.87 ± 0.21b 2.97 ± 0.37bc 9.57 ± 1.77b 15.97 ± 2.70b

1000 2.77 ± 0.69a 7.67 ± 2.03ab 16.67 ± 3.52b 21.20 ± 3.61b
2000 0.80 ± 0.12b 6.40 ± 1.35b 14.40 ± 2.43b 19.67 ± 2.53b

SDW 0.57 ± 0.37b 12.63 ± 3.84a 35.77 ± 4.48a 44.87 ± 3.93a
medium 0.20 ± 0.09b 10.40 ± 1.37ab 30.47 ± 2.12a 39.23 ± 1.44a
caprylic acid 100 2.30 ± 1.38ab 8.60 ± 3.80a 23.63 ± 4.27bc 30.93 ± 3.13bc

1000 2.60 ± 0.92a 9.03 ± 2.75a 16.87 ± 3.66c 21.00 ± 4.45 cd
2000 0.73 ± 0.31ab 5.97 ± 1.51a 13.07 ± 3.72c 15.07 ± 4.11d

SDW 0.57 ± 0.37ab 12.63 ± 3.84a 35.77 ± 4.48a 44.87 ± 3.93a
medium 0.20 ± 0.09b 10.40 ± 1.37a 30.47 ± 2.12ab 39.23 ± 1.44ab
capric acid 100 0.43 ± 0.14 4.73 ± 0.88bc 19.57 ± 0.45bc 25.93 ± 0.75b

1000 0.97 ± 0.73 4.77 ± 3.37bc 11.50 ± 3.98 cd 16.40 ± 3.73c
2000 0.23 ± 0.06 2.07 ± 1.16c 4.80 ± 2.69d 7.10 ± 3.08d

SDW 0.57 ± 0.37a 12.63 ± 3.84a 35.77 ± 4.48a 44.87 ± 3.93a
medium 0.20 ± 0.09 10.40 ± 1.37ab 30.47 ± 2.12a 39.23 ± 1.44a
lauric acid 100 0.50 ± 0.09b 4.73 ± 1.16b 20.10 ± 1.44b 27.10 ± 1.32b

1000 3.67 ± 1.39a 12.70 ± 2.70a 20.37 ± 2.77b 24.17 ± 2.73b
2000 1.60 ± 0.82ab 7.57 ± 1.65ab 17.47 ± 1.35b 20.77 ± 1.97b

SDW 0.57 ± 0.37b 12.63 ± 3.84a 35.77 ± 4.48a 44.87 ± 3.93a
medium 0.20 ± 0.09b 10.40 ± 1.37ab 30.47 ± 2.12a 39.23 ± 1.44a
myristic acid 100 1.80 ± 1.56 8.87 ± 3.74a 18.40 ± 2.95b 27.67 ± 2.73b

1000 0.37 ± 0.10 1.47 ± 0.23b 12.93 ± 1.88b 23.97 ± 4.24b
2000 0.27 ± 0.07 1.53 ± 0.47b 12.00 ± 1.75b 20.00 ± 2.82b

SDW 0.57 ± 0.37 12.63 ± 3.84a 35.77 ± 4.48a 44.87 ± 3.93a
medium 0.20 ± 0.09 10.40 ± 1.37a 30.47 ± 2.12a 39.23 ± 1.44a
palmitic acid 100 1.13 ± 0.70 5.73 ± 3.36ab 15.07 ± 3.51b 22.30 ± 2.63b

1000 0.23 ± 0.08 2.80 ± 0.56b 9.53 ± 1.30b 13.40 ± 1.20c
2000 0.70 ± 0.37 6.63 ± 1.56ab 17.23 ± 2.38b 20.17 ± 1.91bc

SDW 0.57 ± 0.37 12.63 ± 3.84 35.77 ± 4.48a 44.87 ± 3.93a
medium 0.20 ± 0.09 10.40 ± 1.37 30.47 ± 2.12a 39.23 ± 1.44a
oleic acid 100 1.47 ± 1.08 6.07 ± 3.46 16.60 ± 3.60b 24.93 ± 2.16b

1000 0.67 ± 0.21 6.03 ± 1.00 18.53 ± 2.10b 25.57 ± 1.59b
2000 1.23 ± 0.74 7.47 ± 1.99 16.53 ± 1.53b 21.80 ± 1.48b

SDW 0.57 ± 0.37 12.63 ± 3.84a 35.77 ± 4.48a 44.87 ± 3.93a
medium 0.20 ± 0.09 10.40 ± 1.37a 30.47 ± 2.12a 39.23 ± 1.44a
linoleic acid 100 0.33 ± 0.11 6.17 ± 1.31bc 29.80 ± 2.80ab 37.97 ± 3.08ab

1000 0.13 ± 0.04 6.60 ± 2.16abc 20.43 ± 5.66b 29.47 ± 5.27b
2000 0.33 ± 0.14 2.30 ± 0.59c 5.87 ± 1.47c 11.33 ± 2.13c

SDW 0.57 ± 0.37 12.63 ± 3.84a 35.77 ± 4.48a 44.87 ± 3.93a
medium 0.20 ± 0.09 10.40 ± 1.37a 30.47 ± 2.12a 39.23 ± 1.44ab

aThe concentrations were 0, 100, 1000, and 2000 μmol/L on Day 3, 7, 14, and 21, respectively. Sterile distilled water (SDW) and the medium for
dissolving fatty acids were included as controls, respectively. Data are means ± SE with 6 replicates. For each of nine fatty acids, sterile distilled water
control and medium control were included. The values followed by a different letter in a column for each fatty acid were significantly different at P <
0.05.
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oils (i.e., soybean oil),36 farmers could harness the nematicidal
activity of the seed cakes. In addition, both FAs have also been
detected in gutter oil,19 which is abundant in China causing
challenging disposal problems. With the vast amount of
available seed cakes and gutter oil, the characteristic
antagonistic effects of palmitic acid (C16:0) and oleic acid
(C18:1Δ9c) against M. incognita may open the door for efficient
exploitation of these resources for the control of M. incognita.
Apart from the direct inhibitory effects of FAs on RKNs, the

induced plant resistance associated with the addition of FAs
might partially contribute to the suppression of RKNs. For
example, jasmonic acid is derived from FAs and is involved in
the plant defense response to the nematode attack.37 The
nematicidal properties of β-amino-butyric acid against the root-
knot nematode (M. javanica) were also related to the induced
systemic resistance. 31 The addition of pure FAs, seed cakes, or
other organic amendments might promote natural enemies and
cause the top-down regulation of plant parasitic nematodes.38

Moreover, the strong inhibitory effect of fatty acids on

phytopathogenic fungi, such as capric acid, might indirectly
enhance the plant vigor. 2 All of these hypotheses need to be
verified in future studies.
In addition, other odd-carbon FAs [e.g., propionic acid

(C3:0),39 enanthic acid(C7:0),34 pelargonic acid(C9:0),34 and
undecylic acid(C11:0)]34 and FA derivatives, such as pelargonic
acid esters (C9:0),7,34 might also have the potential to be used
as effective nematicides.
There was a significant difference in nematicidal activity of

fatty acids against the pine wood nematode with respect to the
carbon chain length, with strong nematicidal activity being
associated with the C8−C11 fatty acids.34 In agreement with
them, capric (C10:0) showed the best performance on
nematode suppression in this study. Therefore, the carbon
chain length should be considered in determining and utilizing
the nematicidal properties of fatty acids and their derivatives.

Conclusions. Using natural substances as alternatives to
synthetic chemical pesticides is attractive because they are less
recalcitrant in the environment, with fewer nontargeted, toxic

Table 2. Percent Mortality of the Second-Stage Juveniles of Meloidogyne incognita Treated with Nine Fatty Acidsa

fatty acid concentration trial 1 trial 2

(μmol/L) 12 h 24 h 12 h 24 h

butyric acid 0 1.79 ± 0.52 2.51 ± 0.66 3.30 ± 0.67 1.47 ± 0.54
100 4.02 ± 1.24 4.76 ± 0.72 2.55 ± 0.65 2.34 ± 0.39
1000 6.60 ± 1.64* 7.55 ± 0.68** 2.91 ± 0.50 3.23 ± 0.75
2000 8.63 ± 1.66** 6.99 ± 1.85* 3.34 ± 0.60 3.28 ± 0.73

caproic acid 0 0.95 ± 0.42 2.22 ± 1.11 3.30 ± 0.67 1.47 ± 0.54
100 0.39 ± 0.25 5.35 ± 1.37 2.54 ± 0.78 2.29 ± 0.41
1000 1.50 ± 0.37 9.70 ± 4.31 3.62 ± 0.62 2.02 ± 0.46
2000 1.09 ± 0.62 13.32 ± 4.53* 3.78 ± 0.32 4.44 ± 0.83*

caprylic acid 0 0.95 ± 0.42 2.22 ± 1.11 3.30 ± 0.67 1.47 ± 0.54
100 1.65 ± 0.45 1.08 ± 0.57 3.04 ± 0.64 1.80 ± 0.46
1000 40.51 ± 5.32** 65.27 ± 3.47** 65.07 ± 2.60** 49.88 ± 4.61**
2000 93.45 ± 1.17** 66.51 ± 3.32** 65.61 ± 6.98** 56.35 ± 4.89**

capric acid 0 1.79 ± 0.52 2.51 ± 0.66 0.88 ± 0.50 1.96 ± 0.54
100 2.81 ± 0.86* 4.42 ± 1.06 2.01 ± 0.54 1.63 ± 0.45
1000 5.16 ± 1.59** 25.21 ± 2.49** 39.81 ± 2.23** 60.53 ± 2.81**
2000 16.88 ± 3.04** 94.11 ± 0.71** 82.22 ± 2.41** 61.05 ± 3.95**

lauric acid 0 0.95 ± 0.42 2.22 ± 1.11 0.88 ± 0.50 1.96 ± 0.54
100 1.22 ± 0.28 2.46 ± 0.67 2.66 ± 0.59 2.60 ± 0.59
1000 52.27 ± 2.56** 72.70 ± 4.61** 15.78 ± 1.08** 38.00 ± 2.44**
2000 46.94 ± 3.70** 63.92 ± 6.25** 21.27 ± 3.72** 41.28 ± 3.22**

myristic acid 0 1.79 ± 0.52 2.51 ± 0.66 0.88 ± 0.50 1.96 ± 0.54
100 2.81 ± 0.86 3.02 ± 0.54 1.31 ± 0.07 1.57 ± 0.52
1000 5.16 ± 1.59 6.36 ± 1.32 2.46 ± 0.26** 2.11 ± 0.37
2000 16.88 ± 3.04** 6.36 ± 1.98 2.29 ± 0.35** 3.76 ± 0.65

palmitic acid 0 2.59 ± 0.55 3.80 ± 1.16 2.23 ± 0.42 2.61 ± 0.26
100 4.88 ± 1.36 3.86 ± 0.93 3.33 ± 0.70 3.03 ± 0.68
1000 8.37 ± 2.49 6.78 ± 0.91 3.36 ± 0.77 5.44 ± 0.65*
2000 12.78 ± 6.16 8.27 ± 1.28* 6.71 ± 1.16* 4.91 ± 0.69*

oleic acid 0 2.59 ± 0.55 3.80 ± 1.16 2.23 ± 0.42 2.61 ± 0.26
100 3.54 ± 0.63 5.01 ± 1.00 3.70 ± 0.81 2.42 ± 0.31
1000 6.20 ± 2.05 6.55 ± 1.64 3.54 ± 0.88 4.49 ± 0.52*
2000 6.68 ± 11.72 7.48 ± 1.26 4.52 ± 0.42* 4.58 ± 0.74*

linoleic acid 0 2.59 ± 0.55 3.80 ± 1.16 2.23 ± 0.42 2.61 ± 0.26
100 4.62 ± 0.60 3.79 ± 1.15 3.12 ± 0.43 3.30 ± 0.61
1000 5.34 ± 1.85 4.96 ± 1.03 3.72 ± 0.50 3.41 ± 0.48
2000 6.26 ± 1.19 6.17 ± 0.81 4.72 ± 1.03* 5.10 ± 0.56**

aThe concentrations were at the level of 0, 100, 1000, and 2000 μmol/L, 12 and 24 h after inoculation (Trials 1 and 2). Data are shown as means ±
SE with six replicates. Means were compared between control and each fatty acid treatment in the column using Dunnett’s test. *P < 0.05, **P <
0.01.
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effects than traditional agrochemicals.40 The tested fatty acids
in this study are natural fatty acids so they possess the above
attributes and can be used in effective management of pest
nematodes without causing environmental problems due to
their nontoxic activities and environmental friendliness. Further
research interest may focus on evaluating the effects of fatty
acids on other plant parasitic nematodes, especially with the
field trials. Meanwhile, information is also needed about direct
application methods and appropriate schedules for FAs to
maintain the optimal nematicidal activity with minimal side-
effects on plant vigor. In addition, more studies are required to
evaluate the mode of action of a combination of FAs against
plant parasitic nematodes for management practices.
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