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In the course of a searching environmental friendly
antifungal compounds, we found that mixture of methyl
esters of fatty acids obtained from soybean oil had
potent control efficacy against barley powdery mildew
(Blumeria graminis f. sp. hordei). In this study, ten alkyl
fatty acid esters (AFAEs) were tested for in vivo anti-
fungal activity against five plant diseases such as rice
blast, rice sheath blight, tomato gray mold, tomato late
blight and barley powdery mildew. Some AFAEs show-
ed the most control efficacy against barley powdery
mildew among the tested plant diseases. By 5-hr protec-
tive and 1-day curative applications, six AFAEs (3,000
µg/ml), including methyl and ethyl palmitates, methyl
and ethyl oleates, methyl linoleate, and methyl linolen-
ate demonstrated both curative and protective activities
against barley powdery mildew. In contrary, methyl
laurate strongly controlled the development of powdery
mildew on barley plants by curative treatment at a
concentration of 333 µg/ml, but did not show protective
activity even at 3,000 µg/ml. Under greenhouse condi-
tions, the seven AFAEs (1,000 µg/ml) except for methyl
and ethyl stearates, and methyl caprylate also effective-
ly controlled cucumber powdery mildew caused by
Podosphaera xanthii. Among them, methyl and ethyl
palmitates (333 µg/ml) represented the most control
activity of more than 68% against the disease. The
results are the first report on the antifungal activity of
methyl and ethyl esters of fatty acids against plant
pathogenic fungi.
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Powdery mildew disease caused by powdery mildew fungi

such as Podosphaera spp, Blumeria spp., and Erysiphe spp.

occurs wherever all kinds of plants except gymnosperm are

grown. The disease causes serious problems in commercial

production of crops and ornamental plants, in particular,

greenhouse cultivated plants. In case of foliar diseases such

as powdery mildew, the application of fungicide spray may

be the main measure to control the disease in most crops

(McGrath, 1996). However, field isolates of powdery

mildew fungi being resistant to fungicides such as benzi-

midazoles (benomyl and carbendazim), DMIs (triadimefon,

triadimenol, and flusilazole), and QoIs (azoxystrobin,

trifloxystrobin, and pyraclostrobin) have developed rapidly

and have become widespread worldwide (De Waard et al.,

1986; Fernandez-Ortuno et al., 2006; Fletcher and Wolfe,

1981; Ishii et al., 2001; McGrath and Shishkoff, 2003;

Schepers, 1983; Schroedder and Providenti, 1969; Vargas,

1973; Wilcox et al., 2003). Because of concerns about

human health and environmental quality, the demand for

organic foods cultivated without synthetic fungicide treat-

ment is rapidly increasing.

For the control of powdery mildew, several attempts have

been made in order to develop antifungal compounds of

various origins such as free water, sodium bicarbonate, plant-

derived natural compounds, and biocontrol microorganisms

(Pasini et al., 1997; Copping and Menn, 2000). These are

considered to be more environmentally friendly than

conventional fungicides. Among them, plant oils and their

salts (M-pede and Naturell), plant extracts of Reynoutria

sachalinensis (Milsana), Allium sativum (Ajoene), and

Azadirachta indica (Neemazal) effectively controlled pow-

dery mildew of crops (BCPC, 2001; Copping and Menn,

2000; Dik and Van Der Staay, 1995; Herger and Klingauf,

1990; McGrath and Shishkoff, 1999; Pasini et al., 1997;

Prithiviraj et al., 1998; Singh et al., 1995). 

The plant oils being liquids at 25oC predominantly

contain monounsaturated oleic acid (C18:1) or diunsaturated

linoleic acid (C18:2). Northover and Schneider (1993) report-

ed that plant oils from soybean, olive, canola and corn,

showed similarly potent control efficacy against apple pow-

dery mildew (Podosphaera leucotricha) despite differences

in the oleic and linoleic acid compositons. Moreover,

antifungal activity of fatty acids and their salt derivatives

(potassium and sodium) has been studied (Chase and

Osborne, 1983; Kabara, 1984; Kabara et al., 1972; McGrath

and Shishkoff, 1999; Novak et al., 1961; Pasini et al.,

1997). In particular, potassium salt of oleic acid was

developed for curative control of powdery mildew on

grapes, roses and other crops (BCPC, 2001). Pseudozyma

flocculosa, a biocontrol agent against powdery mildew, was

found to produce two toxic principals, fatty acids (Z)-9-
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heptadecenoic and (Z)-6-methyl-9-heptadecenoic acids

(Benyagoub et al., 1996a, 1996b). Hydroxy fatty acids also

were found to be antifungal compounds against plant

pathogenic fungi (Hou and Forman, 2000). On the other

hand, Frick and Burchill (1972) reported that complete

eradication of apple powdery mildew from infected buds of

apple tree was obtained with autumn application of a

mixture of methyl esters of fatty acids C6 to C12, a chemical

pruning agent. But, antifungal principals were not deter-

mined in the study. To the best of knowledge, antifungal

activity of lower alkyl fatty acid esters (AFAEs) has been

hardly reported against plant pathogenic fungi.

In order to search antifungal compounds having low

toxicity and low potential on non-target organisms, we

tested the in vivo antifungal activity of various plant-

derived products against plant pathogenic fungi (Cho et al.,

2007; Choi et al., 2006; Choi et al., 2009; Kim et al., 2004).

In the course of the research, we found that a mixture of

fatty acid methyl esters obtained by digesting soybean oil

with lipase and methanol showed potent control efficacy

against barley powdery mildew (B. graminis f. sp. hordei)

(Cho et al., 2007). In this study, we report the in vivo

antifungal activities of methyl or ethyl esters of fatty acids

against five plant pathogenic fungi under growth-chamber

conditions. In addition, the control efficacy of the AFAEs

against cucumber powdery mildew was also evaluated

under greenhouse conditions.

Materials and Methods

Chemicals. Ten AFAEs including methyl caprylate (C8),

methyl laurate (C12), methyl palmitate (C16), ethyl palmitate

(C16), methyl stearate (C18), ethyl stearate (C18), methyl

oleate (C18:1), ethyl oleate (C18:1), methyl linoleate (C18:2),

and methyl linolenate (C18:3) were purchased from Tokyo

Kasei Kogyo Co. And oleic acid (C18:1) and soybean oil

were also bought from Do Chemical Co., Ltd and CJ

Cheiljedang Co., respectively. In addition, some fungicides

such as blasticidin-S, validamycin, fludioxonil, dimetho-

morph, and benomyl were also purchased from Dr. Ehren-

storfer GmbH Co.

In vivo antifungal assay. Ten AFAEs were tested in vivo

for antifungal activity against the following five plant di-

seases: rice blast (Magnaporthe oryzae), rice sheath blight

(Rhizoctonia solani AG1), tomato gray mold (Botrytis

cinerea), tomato late blight (Phytophthora infestans), and

barley powdery mildew (B. graminis f. sp. hordei). The in

vivo antifungal bioassays of five plant pathogens were

performed as described previously (Kim et al., 2001). Rice

(Oryza sativa cv. Nakdong), tomato (Solanum lycopersicum

cv. Seokwang), and barley (Hordeum sativum cv. Dongbori)

plants were grown in plastic pots (4.5-cm diameter) in a

greenhouse at 25±5oC for 1 to 4 weeks. To evaluate in vivo

antifungal activity of ten AFAEs, the compounds were

dissolved in acetone. Each solution was then added to

Tween 20 (250 µg/ml in distilled water) solution at a final

concentration of 10% (v/v). The plant seedlings were

sprayed with each solution until run-off. Control plants

were also sprayed with Tween 20 solution containing 10%

acetone without chemical. After 24 hr, the treated plant

seedlings were inoculated with spores or mycelial suspen-

sions of the five plant pathogens, followed by rating disease

symptoms 3-7 days after inoculation.

Pots were arranged as a randomized complete block with

three replicates per treatment. Blasticidin-S for rice blast,

validamycin for rice sheath blight, fludioxonil for tomato

gray mold, dimethomorph for tomato late blight, and

benomyl for barley powdery mildew, respectively were

applied as positive controls. Experiments were conducted

in a growth chamber with 9-hr light a day, and the mean

value of three estimates for each treatment was converted

into percentage fungal control. The percentage of disease

control was determined by using the following equation:

control value (%)=100[1−B/A], where A=the diseased

area (%) on leaves or sheaths of control plants, and B=the

diseased area (%) on treated leaves or sheaths.

To investigate 1-day curative and 5-hr protective activi-

ties of the ten AFAEs against barley powdery mildew,

barley seedlings (the first-leaf stage) were inoculated with

spores of B. graminis f. sp. hordei 1 day before and 5 hr

after treatment of AFAEs, respectively. Pots were arranged

as a randomized complete block, with three replicates per

treatment. The experiment was conducted twice, and values

are expressed as percentage fungal control (± standard

deviation) as compared to the control plants.

Control efficacy against cucumber powdery mildew

under greenhouse conditions. To examine the disease

control efficacy of the ten AFAEs against cucumber pow-

dery mildew under greenhouse conditions, Tween 20 (250

mg/ml) solution with the individual chemicals were spray-

ed on potted cucumber (Cucumis sativus cv. Housebaek-

dadagi) plants at the five-leaf stage with hand sprayers until

run-off. Experiment was carried out in a greenhouse main-

tained at 25±5oC in Daejeon City, Korea. Treatments were

carried out twice at an interval of a week, starting immedi-

ately after the appearance of the first symptoms of powdery

mildew on the foliage, which was naturally infected with

the powdery mildew fungi. Tween 20 (250 µg/ml) solution

that contained only acetone (10%) was applied as controls.

In addition, oleic acid and soybean oil were used as positive

controls. Pots were arranged as a randomized complete

block with four replicates per treatment. The experiments
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were repeated twice and disease severity was rated on ten

leaves (leaves 2-11) per plant, 7 days after the second treat-

ment. The incidence of powdery mildew was visually

evaluated on individual leaflets as percentage of infected

area, using a 0-4 index, where 0, no symptoms; 1, 0.1-5%;

2, 5.1-20%; 3, 20.1-40%; 4, 40.1-100%. The mean value of

the eight estimates for each treatment was converted into

percentage fungal control (± standard deviation) as com-

pared to the control plants. Analysis of variance (ANOVA)

was performed on the data with the PROCGLM procedure

(SAS Institute, Cary, NC, USA). If P > F was less than

0.01, means were separated with the Duncan’s multiple

range test at the P = 0.05 level.

Results and Discussions

In vivo antifungal activity against five plant pathogenic

fungi. As shown in Table 1, by 1-day protective appli-

cation, some AFAEs (3,000 µg/ml) exhibited the most

control efficacy against barley powdery mildew (B. graminis

f. sp. hordei) among the five plant diseases tested. They

also moderately reduced the development of blast caused

by M. oryzae on rice seedlings. The other plant diseases

including rice sheath blight (R. solani AG1), tomato gray

mold (B. cinerea), and tomato late blight (P. infestans) were

hardly controlled by all of the tested AFAEs.

Among the ten AFAEs, methyl and ethyl oleates and

methyl linoleate showed the most control activity against

barley powdery mildew and also moderately controlled rice

blast (Table 1). And methyl and ethyl palmitates strongly

inhibited barley powdery mildew only. In addition, methyl

linolenate moderately reduced the development of rice blast

and barley powdery mildew. However, methyl caprylate,

methyl laurate, and methyl and ethyl stearates hardly cont-

rolled all of the plant diseases tested. 

From the results, we found that in vivo antifungal

activities of methyl and ethyl esters of each fatty acid was

almost same against plant pathogenic fungi. In case of

AFAEs with eighteen carbon chains long, unsaturated

carbon forms showed the higher control efficacy against

Table 1. In vivo antifungal activity of lower alkyl fatty acid esters against five plant pathogenic fungia

Compound Con. (µg/ml)
Disease control (%)

RCBb RSB TGM TLB BPM

Methyl caprylate 3,000 0.0±0.0c  25±7.1 13±12 7.1±10  0.0±0.0

Methyl laurate 3,000 10±14  5.0±7.1 17±0.0 0.0±0.0  0.0±0.0

Methyl palmitate 3,000 0.0±0.0  5.0±7.1 0.0±0.0 0.0±0.0  87±4.7

Ethyl palmitate 3,000 10±14  0.0±0.0 0.0±0.0 14±0.0  87±4.7

Methyl stearate 3,000 0.0±0.0  5.0±7.1 8.3±12 0.0±0.0  0.0±0.0

Ethyl stearate 3,000 10±14  20±14 8.3±12 7.1±10  0.0±0.0

Methyl oleate 3,000 50±14  0.0±0.0 0.0±0.0 7.1±10  90±9.4

Ethyl oleate 3,000 75±7.1  5.0±7.1 0.0±0.0 0.0±0.0  93±0.0

Methyl linoleate 3,000 60±0.0  5.0±7.1 0.0±0.0 7.1±10  92±2.4

Methyl linolenate 3,000 50±14  0.0±0.0 0.0±0.0 7.1±10  58±12

Blasticidin-S 1 92±2.8 −
 d

− − −

50 100 − − − −

Validamycin 5 −
 90±0.0 − − −

50 − 100 − − −

Fludioxonil 5 − − 79±5.9 − −

50 − − 100 − −

Dimethomorph 2 − − − 71±0.0 −

10 − − − 100 −

Benomyl 1 − − − − 83±0.0

100 − − − − 100

aThe compounds were dissolved in acetone (10%) and Tween 20 (250 µg/ml), and they were then sprayed to run off on the following seedlings:
rice (3-leaf stage for RCB, 4-leaf stage for RSB), tomato (3-leaf stage), and barley (1-leaf stage). After 24 hr, the treated seedlings were inocu-
lated with spores or mycelial suspensions of the pathogens. The disease severity of untreated control plants was 50% for RCB, 100% for RSB,
60% for TGM, 70% for TLB, and 30% for BPM.

bRCB, rice blast (Magnaporthe oryzae); RSB, rice sheath blight (Rhizoctonia solani AG1); TGM, tomato gray mold (Botrytis cinerea); TLB,
tomato late blight (Phytophthora infestans); and BPM, barley powdery mildew (Blumeria graminis f. sp. hordei).

cEach value represents the mean °æ standard deviation of two runs of three replicates each.
dNot tested



Antifungal Activity of Lower Alkyl Fatty Acid Esters against Powdery Mildews 363

barley powdery mildew than saturated carbon forms. Many

researchers have reported that fatty acids and their salt forms

(potassium or sodium) showed in vitro and in vivo anti-

fungal activities against plant pathogenic fungi (Benyagoub

et al., 1996a, 1996b; Chase and Osborne, 1983; Kabara et

al., 1972; Kabara, 1984; McGrath and Shishkoff, 1999;

Novak et al., 1961; Pasini et al., 1997). Kabara (1984)

found that saturated fatty acids have their highest antifungal

activity against Candida albicans when the chain length is

twelve carbons long and linoleic acid reach their peak

activity. Furthermore, insecticidal soap (12.62 mg/L, a.i.

49.5%), potassium salts of fatty acids, significantly reduced

the severities of Alternaria leaf spot (Alternaria panax) of

schefflera and Bipolaris leaf spot (Bipolaris setariae) of

areca palm (Chase and Osborne; 1983). 

On the other hand, antifungal activity of some AFAEs

has also been investigated (Savage et al., 2000; Kabara et

al., 1972; Frick and Burchill, 1972). Savage et al. (2000)

found that ethyl ester of pelargonic acid could not inhibit

the development of lemon green mold caused by Penicillium

digitatum. Whereas, Frick and Burchill (1972) reported that

successful eradication of apple powdery mildew from

infected buds was obtained with autumn applications of a

45% mixture of methyl esters of fatty acids C6 to C12, a

chemical pruning agent. However, antifungal principals

were not determined. Therefore, to the best of our know-

ledge, this is the first report on the antifungal activity of

lower alkyl fatty acids esters against plant pathogenic fungi.

Protective and curative activities against barley pow-

dery mildew. By five-hr protective application, six AFAEs

(3,000 µg/ml) including methyl and ethyl palmitates, meth-

yl and ethyl oleates, methyl linoleate, and methyl linolenate

showed potent control efficacy against barley powdery

mildew (Table 2). By 1-day curative treatment, the AFAEs

(3,000 µg/ml) also strongly inhibited the development of B.

graminis f. sp. hordei on barley seedlings. But, curative

activities of the antifungal AFAEs were the higher than

their protective activities at all concentrations tested.

Surfactants polyoxyethylene lauryl amine ether and di-

dodecylammonium bromide applied curatively, also demon-

strated the more control efficacy against powdery mildews

of barley and cucumber, respectively, than protective treat-

ment (Jang et al., 2001; Kajikawa et al., 1984). On the

contrary, in case of tomato late blight (P. infestans) and

cucumber downy mildew (Pseudoperonospora cubensis),

surfactants such as sodium dioctyl sulfosuccinate and sodium

dodecylbenzene sulfonate showed the more protective

control than curative control against the diseases (Choi et

al., 2004). Thus, the higher curative activity of the antifungal

AFAEs against barley powdery mildew may be due to

pathological characteristics of the fungus. Most of plant

pathogenic fungi except for powdery mildew fungi invade

the tissues of host plant, but powdery mildew fungi such as

B. graminis f. sp. hordei and P. xanthii do not invade the

tissues themselves and grow only on the surface of plant

tissues (Agrios, 2005). Mode of action of antifungal fatty

acids and their salt forms against plant pathogenic fungi

was to interfere with the membrane constituents of the

fungi, leading to a breakdown of the integrity of the

Table 2. Protective and curative activities of lower alkyl fatty acid esters against barley powdery mildew

Compound
Protective activity (%)a Curative activity (%)b

333c 1000 3000 333 1000 3000

Methyl caprylate 5.8±4.1d  16±12 18±12 0±0.0  17±0.0 17±0.0

Methyl laurate 0.0±0.0  0.0±0.0 0.0±0.0 89±5.1  98±0.0 100

Methyl palmitate 6.4±0.43  53±17 80±3.1 50±29  50±17 80±5.8

Ethyl palmitate 7.0±5.0  82±3.7 97±2.1 17±17  78±9.6 97±3.3

Methyl stearate 0.0±0.0  16±3.3 27±6.5 11±19  6±9.6 0±0.0

Ethyl stearate 0.0±0.0  6.4±0.4 13±5.4 0.0±0.0  17±17 17±17

Methyl oleate 0.0±0.0  71±8.9 95±2.6 74±8.4  99±0.96 100

Ethyl oleate 10±7.5  79±7.4 99±0.42 67±0.0  90±9.4 100

Methyl linoleate 30±17  68±11 89±4.8 82±8.4  93±3.3 100

Methyl linolenate 0.0±0.0  46±16 85±9.6 90±0.0  96±1.9 100

aThe compounds were dissolved in acetone (10%) and Tween 20 (250 µg/ml), and they were then sprayed to run off on barley seedlings at 1-leaf
stage. After 5 hr, the treated seedlings were inoculated with Blumeria graminis f. sp. hordei by dusting the spores of the fungus. The untreated
control plants showed mean disease severity of 26%.

bBarley seedlings with fully expanded 1 leaf were inoculated with Blumeria graminis f. sp. hordei by dusting the spores of the fungus and incu-
bated in a growth chamber at 20oC with 12-hr light a day. The compounds were dissolved in acetone (10%) and Tween 20 (250 µg/ml), and then
sprayed to run off on the infected plants 24 hr after inoculation. The untreated control plants showed mean disease severity of 30%.

cConcentration (mg/ml)
dEach value represents the mean ± standard deviation of two runs of three replicates each.
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membrane and subsequent death (BCPC, 2001). Antifungal

mechanism of AFAE may be almost same, although it must

have been confirmed in further study. Due to the reasons,

powdery mildew fungi were easily inhibited by curative

treatment of the AFAEs than the other fungi.

Methyl ester of lauric acid demonstrated control value of

89% against barley powdery mildew, when treated at a

concentration of 333 µg/ml 1 day after inoculation of the

fungus (Table 2). But, by five-hr and one-day protective

applications, the compound hardly inhibited development

of the disease on barley plants even at 3,000 µg/ml (Table 1,

2). It may be caused by decomposing methyl laurate on

plant leaf surface by UV light and microorganisms or

invading the compound into the plant tissue. On the other

hand, Kabara et al. (1972) reported that lauric acid was the

most inhibitory saturated fatty acids against Gram-positive

bacteria, but methyl ester of the fatty acid did not show

antimicrobial activity. In this study, methyl laurate as well

as methyl esters of linoleic acid and linolenic acid repre-

sented strong in vivo antifungal activity against B. graminis

f. sp. hordei by curative treatment. 

Control of cucumber powdery mildew under green-

house conditions. Seven AFAEs (1,000 µg/ml), including

methyl laurate, methyl and ethyl palmitates, methyl and

ethyl oleates, methyl linoleate, and methyl linolenate, also

effectively controlled the development of cucumber pow-

dery mildew under greenhouse conditions with natural

infection by P. xanthii (Table 3). In particular, methyl and

ethyl palmitates represented the most control activity

against cucumber powdery mildew. By contrast, methyl

and ethyl stearates and methyl carprylate resulted in control

values less than 37% against the disease even at 1,000 µg/

ml. The results indicate that antifungal activities of AFAEs

against powdery mildew fungi of barley and cucumber may

be almost same. And methyl laurate showing no protective

activity and potent curative control against barley powdery

mildew, also strongly inhibited the development of cucum-

ber powdery mildew under greenhouse conditions (Table 2,

3). It suggests that curative activity of antifungal compound

may be very important for control of powdery mildew

diseases in the fields.

Although oleic acid and its salts had been developed for

control of powdery mildew pathogens (BCPC, 2001), in

this study, oleic acid used positive control hardly controlled

cucumber powdery mildew (Table 3). This result may be

due to severe development of powdery mildew on cucum-

ber plants in our test. On the other hand, the plant oils being

liquids at 25oC predominantly contain monounsaturated

oleic acid (C18:1) or diunsaturated linoleic acid (C18:2).

Usually, soybean oil is composed of linoleic acid (C18:2,

54%), oleic acid (C18:1, 24%), palmitic acid (C16:0, 11%),

linolenic acid (C18:3, 5%) and stearic acid (C18:0, 3%).

Northover and Schneider (1993) reported that refined

glyceridic plant oils, including soybean, sunflower, olive,

canola, corn, and grapeseed oils showed control efficacy

over 99% against the development of P. leucotricha on

apple seedlings when applied to apple foliage 1 day before

or 1 day after inoculation, despite differences in the com-

positon of oleic and linoleic acids. In this study, soybean oil

also hardly controlled cucumber powdery mildew in a

greenhouse, but methyl and ethyl esters of its main con-

stituents, linoleic and oleic acids, demonstrated the most in

vivo antifungal activity against powdery mildew fungi of

barley and cucumber. Also, the compound did not show

phytotoxicity on some crops such as cucumber, tomato,

rice, wheat, barley, and red pepper at concentrations less

than 1,000 µg/ml (data not shown). The results in this study

suggest that seven AFAEs, including methy laurate, methyl

and ethyl palmitates, methyl and ethyl oleates, methyl lino-

leate, and methyl linolenate, could be used as a biopesti-

cides for the control of powdery mildew of barley and

cucumber.
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Ethyl oleate (C18:1) 16±12d 59±20abc

Methyl linoleate (C18:2) 40±4.6bcd 81±3.3a
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bEach value represents the mean ± standard deviation of two runs
with four replicates each. The lower-case letters indicate that values
in the labeled with the same letter are not significantly different in
Duncan's multiple range test (P = 0.05).
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