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The aim of this study was to determine the effect of
milk as one of the environmental friendly materials
that substitute chemical fungicides for control powdery
mildew (Sphaerotheca aphanis) of strawberries (Fragaria
x ananassa Duch.). ‘Maehyang’ and ‘Akihime’ varieties
planted in greenhouses were evaluated for the control of
powdery mildew. Applications of 5%, 10% and 20%
milk had much better effects on controlling powdery
mildew. In particular, 10% milk showed a higher
efficacy than other concentrations applied onto straw-
berry in greenhouse experiments. Foliar spray appli-
cation of 10% milk was effective for powdery mildew,
whereas drench application was not. Also, foliar spray
of 10% milk was able to accelerate more firmness and
calcium contents of strawberry fruits than the non-
treated. The 10% milk applied with fertilizer salts
(Ca(H,PO,)),;H,0 and KH,PO,) showed there was a
similar efficacy to 10% milk alone in greenhouse
experiments. White crystals and cracks on strawberry
fruits appeared by 20% milk. This result indicated that
10% milk was a useful substitute for fungicides to
control powdery mildew of strawberry.
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Strawberry (Fragaria x ananassa Duch.) contained high
natural vitamine C and favored for winter cultivation when
the production of other vegetables and fruits is relatively
low. The total cultivation area of strawberries were 7,503 ha
containing 7,172 ha of greenhouses and the total production
of strawberries for fresh market was 205,427 M/T in Korea
at 2003 (Anon., 2004). The cultivating method is increasing
of forcing use among forcing, semi-forcing and open field
culture. The main cultivars used for forcing are ‘Maehyang’,
‘Akihime’ and ‘Redpearl’, but the farmers are in difficulties
for the susceptibility of the cultivars against powdery
mildew (Nam et al., 2005).

Powdery mildew of strawberry caused by Sphaerotheca
aphanis (Wallr.) U. Braun var. aphanis (Nakazawa and
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Uchida, 1998; Shin, 2000) is the most serious disease for
strawberry production (Nam et al., 2005). This -disease
occurred on leaves, flowers and fruits, and appeared
severely under cool and dry conditions. The conidia on
transplants were prominent inoculum sources in the
planting field and were spread to healthy plants by air, wind
and bees (Kanaiso, 1995). Fungicide application is the
major method used to control powdery mildew of
strawberry but it is not always successful due to decreased
sensitivity of the fungus to fungicides (Okayama et al.,
1995). Moreover, the increasing concern for the environ-
ment and food safety against fungicide application during
harvesting period motivates farmers to optimize powdery
mildew control by reducing fungicide application. There-
fore, there has been a demand to develop the substitutes for
chemicals, which are more environment-friendly materials.

Alternative of fungicidal control was use of soluble
silicon, surfactant (Cho et al., 1998) and sodium bicarbonate.
Sodium bicarbonate has been found to be effective about
powdery mildew of strawberry (Nam et al., 2003), rose
(Horst et al., 1992), Euonymus (Ziv and Hagiladi, 1993),
cucumber (Ziv and Zitter, 1992), and green mold (Smilanick
et al., 1999), Botrytis cinerea (Palmer et al., 1997) of citrus.
Other studies have reported that milk had some preventive
effects on powdery mildew on greenhouse growing
cucumber (Bettiol, 1999). Fresh milk may have a direct
effect against S. fuliginea due to its germicidal properties
(Salle, 1954) and the substances such as several salts, and
amino acids have been proved to be effective in controlling
powdery mildew (Reuveni et al., 1995).

The objective of this investigation was to determine the
effectiveness of milk alone and in mixture with surfactant
and fertilizer salts to accelerate safety and to develop
effective materials against powdery mildew on strawberry.

Materials and Methods

Cultural practices. Field experiments were conducted on
the loam soil (clay 16%; sand 38%; silt 46%) in
greenhouses located at Nonsan Strawberry Experiment
Station during 2002-2004. The experimental design was a
randomized block plot with 3 replications and virus free
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plants cvs. “Maehyang” and “Akihime” grew with the pot
(2 16 cm) was transplanted on Sept. 25, 2002 and 2003.
Irrigation was conducted as drip irrigation every 7 days. To
control insect pests in 2002 and 2003, acetamiprid WP at
0.5 g/ and mibemectin E at 1 ml/L were applied on Oct.
20 and 28, respectively.

Milk treatments. Seclected milk for experiments was
sterilized milk that was currently on the market, and
treatments were applied with milk at 5%, 10% and 20% in
water (w/v) and fenarimol E (0.3 ml/L) and sanyol E
(DBEDC = complex of bis (ethylenediamine) copper-bis-
(dodecylbenzenesulfonic acid, 2 ml/L) as fungicides, which
are registered on strawberry in Korea. The milk
concentrations were sprayed on strawberry plant cv.
“Maehyang” until run off three times at 1 week intervals
from Jan. 20, 2004 when powdery mildew occurrence was
begun. Disease assessment was calculated for diseased
fruits rate (the number of diseased fruits/the number of total
fruits x 100) and area under the disease progress curve
(AUDPC) from Jan. 27 to Feb. 13, 2004. The AUDPC was
calculated according to the equation of Campbell and
Madden (1990):

n—1

AUDPC = Y [(yi+yis1)/2](tiry — )

1

where # is the number of evaluations, y the diseased fruits
rate, and ¢ is the number of days after harvesting where at
each evaluation. (¢, ¥)=(0, 0) is included as the first
evaluation.

Control efficacy of surfactants and fertilizer salts with
milk. To accelerate the effect of milk on the control of
powdery mildew, the 10% milk was sprayed in mixture of
surfactant; tween 20" (polyoxyethylene sorbitanmonolaurate)
at 0.5%, Reitron® (spreader-sticker, Kyeongnong Co.,
Korea) at 4,000 dilution and fertilizer salts; 0.01 M Ca
(H,PO,},yH,0, 0.01 M KH,PO,. The surfactant milk
solutions was sprayed three times to strawberry plant cv.
“Maehyang” until run off with one week intervals from
Feb. 18, 2003 and Jan. 20, 2004 and fertilizer salt milk
solutions were sprayed 3 times from Mar. 8, 2004 when
powdery mildew occurred weakly. Disease assessment was
calculated for diseased fruits rate on Mar. 11, 2003 and Feb.
13, 2004 and from Mar. 26-Apr. 6, 2004, respectively.
Phytotoxicity test was assessed on leaves and fruits
visually. The AUDPC was calculated for severity from
Mar. 22-Apr. 6, 2004.

Application methods and fruit characteristics analysis

of strawberry. To determine control effects of the milk
treatment on the powdery mildew, the milk was sprayed on
leaves and dripped to strawberry plant cv. ‘Akihime” and
applied 3 times with one week intervals from Dec. 24,
2003. Disease assessment was calculated for diseased fruits
rate from Dec. 30-Jan. 26, 2004. Firmness of strawberry
was measured at the center of fruit using SD-700 (Rheo
Tex, Japan) with @ 0.5 mm tip for 30 fruit per plot on 5
days after treatment. Then, the soluble solidity of these
fruits was measured with a refractometer PR-100 (ATago
Co., Ltd., Japan). The concentration of peroxidase (mg/L),
ascorbic acid (mg/L) and calcium (mg/L) was measured
followed by descriptions in a test kit of RQflex2® (Merck
Co., LTD, Germany).

Data analysis. Data were analyzed with the analysis of
variance (ANOVA) and treatment mean comparisons were
carried out using the Fisher's protected least significant
difference test at P <0.05 (SAS Institute, Inc., Cary, NC,
USA).

Results and Discussion

Milk treatments. Milk at 5%, 10%, 20% and fenarimol
were highly significant at Fisher’s protected LSD (P <
0.05) and AUDPC analysis on diseased fruits rate also
significant compared with the control. Disease severity of
10% milk was significantly lower than other concentrations
and showed a similar control effect as fenarimol (Table 1).

From review of previous research, the drip treatment with
10% nonfat dry milk applied during seeding of watermelon
transplant to control the cucumber green mottle mosaic
virus (CGMMYV) of watermelon showed a high control
effect (Lee, 1997). In addition, milk affected the control of

Table 1. Control efficacy of milk-treated strawberry (cv.
‘Maehyang’) on the powdery mildew in 2004

Treatment Applica’iion Diseased fruits (%) AUDPC™
dates 127 23 213

Control NA 2782 54.0b 592b 1,835.7b
5% milk A,B,C 278a 125a 8.8a  465.8a
10% milk A,B,C 5.1a 6.3a 5.9a 160.1a
20% milk A,B,C 385a 168a 172a 6154a
Fenarimol A B,C 13.6a 164a 8.8a 388.7a
(0.3 ml/L)

*Application date: A =Jan. 20, B =Jan. 27, and C = Feb. 3. NA = not
applicable.

YTreatment means followed by different letters vary significantly
(Fisher’s protected LSD, P < 0.05).

* Area under the disease progress curve (AUDPC) is an estimation of
diseased fruits in a long period and includes diseased fruits data col-
lected from Jan. 27 to Feb. 13, 2004.
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Fig. 1. Effect of milk, surfactant alone, and mixture of both on the powdery mildew on strawberry cultivar ‘Maehyang’ according to milk
concentration. A was applied on Feb. 18, 25, and Mar. 4, 2003, and B was applied on Jan. 20, 27, and Feb. 3, 2004 when powdery mildew
occurred weakly. Examination dates were Mar. 11 and Feb. 13, respectively. Lines on each bar represent standard deviations in each
treatment. T: polyoxyethylene sorbitanmonolaurate. R: spreader-sticker. Numbers followed by the same letter within each column are not
significantly different from each other according to Fisher's protected LSD (P < 0.05).

powdery mildew in cucumber and the highest concentra-
tion of 50% milk showed the best effect (Bittiol, 1999).
From results of this research, however, 20% milk treatment
was significantly lower than 10% milk in controlling, and
suppressed plant growth forming white crystals on leaves
and fruits.

Control efficacy of surfactants and fertilizer salts with
milk. When leaves were sprayed with 10% milk alone and
in mixture with tween 20® and Reitron® before powdery
mildew occurred less than 10% in 2002-2003, treatment
with mixture was not significant at Fisher’s protected LSD
(P <0.05) compared with 10% milk treatment alone (Fig.
1A). This treatment showed also similar results for the
diseased fruits rate in 2003-2004 (Fig. 1B).

Sodium bicarbonate mixed with mineral oil and
surfactant was a more effective treatment for powdery
mildew control than any of a material treated alone (Horst

et al., 1992; Nam et al., 2003; Ziv and Zitter, 1992).
However, the treatment of milk with surfactant obtained
similar result as the treatment of milk alone. It was apparent
that milk had a similar role of surfactant because it
emulsifying by itself.

When leaves were sprayed with 10% milk alone and with
mixture with 0.01 M Ca(H,PO,), H,0 and 0.01 M KH,PO,
before the powdery mildew appeared by 10% or less, the
treatment with mixture was not significant at Fisher’s
protected LSD (P < 0.05) compared with 10% milk alone.
Whereas 10% milk with 0.01 M KH,PO, obtained a
continuous effect up to 18 days after treatment (Table 2).

A previous study demonstrated the effectiveness of
phosphate salts in inducing local and systemic protection
against powdery mildew (Reuveni et al., 1995). Treatment
of milk with fertilizer salts, however, obtained similar result
to those of milk alone. Bittiol (1999) was not yet sure why it
worked so well, but he speculated that milk contained the

Table 2. Control efficacy on the powdery mildew on strawberry (cv. ‘Akihime’) treated with 10% milk alone and with mixture of

fertilizer salts

Treatment Applicagion Diseased fruits (%) AUDPC
dates 3/26 3/29 4/6
Control NA 16.3b° 28.1¢ 35.7b 789.0c
10% milk A,B,C 0.0a 19.1bc 33.9b 397.2b
10% milk + 0.01 M Ca(H,PO,),;’H,O A,B,C 3.9a 10.4ab 32.8b 353.0b
10% milk + 0.01 M KH,PO, A,B,C 7.8ab 19.7bc 13.1a 316.9b
Sanyol (2 ml/L) AB,C 0.0a 1.7a 5.3a 52.5a

* Application date: A = Mar. 8, B=Mar. 13, and C = Mar. 19. NA = not applicable.
*Treatment means followed by different letters vary significantly (Fisher’s protected LSD, P < 0.05).
¢ Area under the disease progress curve (AUDPC) is an estimation of diseased fruits in a long period and includes diseased fruits data collected

from Mar. 22 to Apr. 6 in 2004,
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Table 3. Characteristics of strawberry (cv. ‘Akihime”) fruits treated with milk on 5 days after application

Treatment Firmness . Sugar content Peroxidase Ascorbic acid Calcium
(9 0.5 mm) (Brix®) (mg/L) (mg/L) (mg/L)
Control 213.9+2.9 10.7+0.6 1.1+0.3 94,7£2.5 7.8+£0.6
10% milk spray 226.7+2.9 11.3£04 0.7+0.1 100+£3.2 8.5£1.6
10% milk drench 214.4+23 11.5+0.8 1.2+0.5 90.2+4.3 7.3+0.5
Fenarimol (0.3 ml/L) 214.6+2.5 11.4+0.6 0.9£0.3 98.4+7.8 7.1£0.5
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Fig. 2. Average diseased fruits of the powdery mildew on
strawberry cultivar ‘Akihime’ according to various methods of
milk application. Treatment was applied on Dec. 24, 30, 2003 and
Jan. 6, 2004 when the powdery mildew appeared weakly. Lines
on each bar represent the standard deviations on each date.

potassium phosphate, which boosted plants’ immune
system so may help it control the powdery mildew’s
growth. Our results showed that the milk was more
effective in controlling the powdery mildew in strawberry.
In the future, this research will continue to study the role of
milk to control in and around powdery mildew-affected
area in detail.

Application methods and fruits analysis of strawberry.
When 10% milk was sprayed and dripped on plants, the
spray method of 10% milk did not make a significant
difference with fenarimol on 5% of diseased fruits rate.
However, the drip method of 10% milk was not effective
(Fig. 2). The spray treatment of 10% milk showed to
accelerate firmness, concentration of calcium and ascorbic
acid, but concentration of peroxidase was reduced
compared with non-treated fruits (Table 3). The powdery
mildew of strawberry, therefore, can be controlled
effectively with 10% milk applied in the spray method
based on the results obtained from this study and the field
experiment.
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