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Synergistic interaction of physcion and
chrysophanol on plant powdery mildew
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Abstract: The extract of the plant Rheum officinale Baill, mainly containing the anthraquinones physcion and
chrysophanol, is highly active against plant powdery mildew. Experiments were conducted in the laboratory and
greenhouse to determine the interaction of the two compounds on cucumber powdery mildew [Sphaerotheca
fuliginea (Schlecht.) Poll] and on wheat powdery mildew [Blumeria graminis (DC.) Speer f. sp. tritici Marchal].
Physcion was much more bioactive than chrysophanol against these powdery mildews. There was a significant
synergistic interaction between the two compounds on the diseases when the ratios of physcion to chrysophanol
ranged from 1:9 to 5:5. The synergistic degree increased with increase in the chrysophanol proportion in the
combination. The findings indicate that, in order to ensure constant efficacy of the extract on the disease, both the
contents and the proportion of the main active ingredients physcion and chrysophanol have to be determined.
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1 INTRODUCTION
Powdery mildew, caused by Sphaerotheca fuliginea
(Schlecht.) Poll on cucumber and by Blumeria graminis
(DC.) Speer f. sp. tritici Marchal on wheat, is a
widespread disease in greenhouse and field crops and
can bring about severe yield loss.1–3 Applying synthetic
fungicides to control these diseases has resulted in
environmental pollution and decrease in the sensitivity
of plant pathogen populations to fungicides.4 To
reduce the use of synthetic fungicides, an alternative
measure is the use of plant extracts to control the
disease.5–7

Physcion and chrysophanol are natural anthra-
quinone derivatives found in three plant fami-
lies: Fabaceae (Cassia spp.), Polygonaceae (Rheum,
Rumex and Polygonum spp.) and Rhamnaceae
(Rhamnus and Ventilago spp.). They can be iso-
lated from the roots of the plants by extrac-
tion and column chromatography.5,8–10 They are
the major active ingredients in traditional herbal
medicines widely used in clinics11,12 and have
numerous types of biological activity.13–17 Recent
studies have indicated that these anthraquinones
can affect the immune system, vasomotor sys-
tem and metabolic processes. Other biological
activities include anti-inflammatory,18 antitumour,19

antioxidant,20 antifeedant21 and antimicro-
organism.22–23

Physcion and chrysophanol also have activity against
phytopathogens, such as barley powdery mildew (B.
graminis f. sp. hordei), cucumber powdery mildew
(S. fuliginea), rice sheath blight (Rhizoctonia solani
Kuhn), grey mould (Botrytis cinerea Pers ex Pers) and

cucumber downy mildew [Pseudoperonospora cubensis
de Bary].5,24 During a study on their efficacy against
wheat powdery mildew, the efficacy of natural extracts
mainly containing physcion and chrysophanol was
found to be significantly higher than that of the
individual compounds at the same dosage, indicating
potential synergism between them. To confirm this
phenomenon, a series of studies was conducted in the
laboratory and greenhouse.

2 MATERIALS AND METHODS
2.1 Compounds
Physcion (98%) and chrysophanol (98%) (Fig. 1)
were obtained from the National Institute for the
Control of Pharmaceutical and Biological Products,
Beijing, China.

The natural extract used in the greenhouse
experiments was obtained by a modification of
Chen’s method.25 Ground rhizomes of R. officinale,
belonging to the family of Polygonaceae, purchased
from Beijing Tongrentang Co., Ltd, were refluxed
with a solution of 20% aqueous sulfuric acid +
chloroform (1 + 5 by volume) in a water bath
for 3 h. The chloroform phase was extracted with
2.5 g L−1 aqueous potassium hydroxide, and the
organic solvent layer was then extracted with 50 g L−1

aqueous potassium hydroxide; this second aqueous
fraction was acidified with hydrochloric acid to yield
a yellow precipitate. The precipitate was filtered,
washed with distilled water and dried, yielding a
mixture of chrysophanol and physcion. Their RF
values on a chromatoplate (silica gel 200 mesh,
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Figure 1. Structures of the compounds tested.

0.25 mm) were 0.74 and 0.53 respectively, using
petroleum ether + ethyl acetate (15 + 1 by volume)
as eluent. The ratio of physcion to chrysophanol
in the extract was 22:78 based on a GC analysis
using a gas chromatograph with a flame ionization
detector (Agilent 6890 N/5973 Inert MSD) and a
column of DB-5MS (30 m × 0.25 mm ID × 0.25 µm).
The carrier gas was helium at a flowrate of 2 mL min−1.
The oven temperature was adjusted as follows: initial
temperature 95 ◦C held for 2 min, raised to 230 ◦C at
25 ◦C min−1 and held for 5 min at 230 ◦C and then
raised continuously to 290 ◦C at 20 ◦C min−1 and held
for 15 min at 290 ◦C. Both the injector and detector
temperatures were set at 250 ◦C. The injected volume
was 2 µL. The retention times of chrysophanol and
physcion were 18.95 and 23.50 min respectively.

Natural extract, physcion and chrysophanol were
separately dissolved in acetone (1.0 mg mL−1) as stock
solutions before application.

2.2 Preparation of conidium inoculum
Isolates of S. fuliginea and B. graminis were provided
by the Plant Pathology Lab of the Institute for
Plant Protection and Soil Sciences, Hubei Academy
of Agricultural Sciences, China, and reproduced on
cucumber and wheat plants respectively. Cucumber
powdery mildew was reproduced in a growth chamber
at 25 ± 1 ◦C and 70% relative humidity with a
16:8 h light:dark photoperiod. The spores of wheat
powdery mildew were reproduced on wheat in a
growth chamber at 18 ± 1 ◦C and constant light.
Once adequate amounts of spores had been produced
for the experiment, the leaves of cucumber were
rinsed with sterilized distilled water to prepare the
inoculation suspension of S. fuliginea (about 2 × 105

spores mL−1). Conidia on wheat leaves were used
directly for inoculation.

2.3 Laboratory experiment
The obligate biotroph fungi S. fuliginea and B. graminis
cannot be cultured in vitro, so the determination of
bioactivity of fungicides on wheat powdery mildew
and cucumber powdery mildew was conducted in vivo
on leaf segments for the former disease and on leaf
discs for the latter.

Seeds of cucumber cultivar Changchunmici, sus-
ceptible to cucumber powdery mildew, were sown in
200 mm diameter plastic pots in a glasshouse. About
3–4 weeks later, the fourth leaves of seedlings were
detached, washed with distilled water, dried on a paper
towel and then cut into 15 mm discs. Six leaf discs
were placed in a 90 mm diameter petri dish containing
20 mL water agar. Seeds of wheat cultivar Zheng 98,
susceptible to wheat powdery mildew, were sown in
200 mm diameter plastic pots in a growth chamber at
18 ± 0.5 ◦C and 70% RH and with constant light of
72 µmol m−2 s−1. The leaves of ten-day-old seedlings
were cut into 40 mm segments and then placed in petri
dishes (five per dish) with water agar.

Physcion and the nine combinations of physcion
and chrysophanol (9:1, 8:2, 7:3, 6:4, 5:5, 4:6, 3:7,
2:8 and 1:9, w/w) were applied at rates of 10, 2.5,
0.63, 0.15 and 0.04 µg mL−1, and chrysophanol was
applied at 40, 20, 10, 2.5 and 0.63 µg mL−1. Tween
80 was added in the final dilutions at a rate of 0.25 mL
L−1. Spraying was done at 0.25 MPa by means of an
autospraying tower (Model PWT-510, manufactured
by the Pesticide Machinery Group of the China
Agricultural University) using a spray volume of
25 mL m−2. In the preparatory experiments, there was
no difference between untreated and solvent-treated
controls in disease severity, and so a solvent-treated
control was used in the laboratory experiment.

Cucumber leaf discs were inoculated by pipette
with an S. fuliginea conidium suspension (5 µL)
after application. The petri dishes were covered
immediately after inoculation and placed in a moist
chamber in the dark at 25 ± 1 ◦C overnight, and
then moved into a growth chamber with a 16:8 h
light:dark photoperiod for disease development. The
wheat leaf segments were inoculated by spraying at
a concentration of 2–4 × 105 spores mL−1 (counted
with a hemocytometer), and then incubated in the
growth room at 18 ± 1 ◦C and constant light.

Disease severities were scored 7 days after inocula-
tion as percentage leaf area with powdery mildew, and
converted to percentage disease control according to
Abbott’s method:26

Disease control (%) = 100 × [(untreated

− treated)/untreated]

2.4 Greenhouse experiment
To confirm further the synergism between physcion
and chrysophanol in the natural extract, both physcion
and chrysophanol at 10 µg mL−1 and the natural
extract at 10, 2.5 and 0.63 µg mL−1 were applied to
run off using a hand sprayer. Solvent-treated plants
were used as controls. Inoculation was done 24 h after
application.

Seedlings of wheat, cultivar Zheng 98, were grown
in 200 mm pots, 14 plants a pot, in a greenhouse
at ambient temperature (about 14–22 ◦C). When
the second leaves were fully expanded, the plants
were inoculated by blowing spores of wheat powdery

512 Pest Manag Sci 63:511–515 (2007)
DOI: 10.1002/ps



Synergistic interaction of physcion and chrysophanol on plant powdery mildew

mildew onto the leaves with a rubber syringe in the
late afternoon. The control plants had almost reached
disease severity greater than 50% infection 15 days
after inoculation. The disease severity was scored once
according to the following scale: 0 indicated no disease;
1 indicated less than 5% cover of leaves by mildew; 3
indicated 6–15% cover; 5 indicated 16–25% cover; 7
indicated 26–50% cover; 9 indicated more than 51%
cover of leaves by mildew.

Seedlings of cucumber, cultivar Changchunmici,
were grown in 400 mm pots, five plants a pot, in a
greenhouse at 18–25 ◦C. At the 4–5 true leaf stage,
a conidium suspension of cucumber powdery mildew
containing 2 × 105 spores mL−1 was sprayed onto the
leaves to run off by a hand sprayer in the late afternoon.
The control efficacy was assessed 14 days after
treatment by counting the number of colonies on the
leaves.3 Both laboratory and greenhouse experiments
were randomized designs with four replicates, and
were repeated once.

2.5 Statistics and assessment of synergism
Dose–response regression was done by SSPS 10.0.
The EC50 values of physcion, chrysophanol and their
combinations were calculated according to the method
of Gisi et al,27 the theoretical EC50 (EC50(th)) being
given by

EC50(th) = (a + b)/(a/EC50(A) + b/EC50(B))

where A and B represent physcion and chrysophanol
respectively, and a and b are the ratios of the two
compounds in the combinations.

The type of interaction between physcion and
chrysophanol was determined according to the
following ratio:

R = EC50(th)/EC50(ob)

where EC50(ob) is the EC50 value calculated according
to observed data. An R value not significantly different
from 1.0 (between 0.5 and 1.5) indicates additive

response, an R value not less than 1.5 indicates a
synergistic response and an R value less than 0.5
indicates an antagonistic response.27

For the greenhouse experiment, data were subjected
to analysis of variance. The comparison of treatment
means was done using Duncan’s multiple range test at
the P = 0.05 level.

3 RESULTS
3.1 Laboratory experiment
Similar results were obtained from the two repeated
experiments on wheat and cucumber powdery mildew
(Tables 1 and 2). Physcion was more active than
chrysophanol against both mildew diseases. The
R value (theoretical EC50/observed EC50) of the
combinations of the two compounds ranged from
0.99 to 2.78 for wheat powdery mildew and from
1.01 to 4.06 for cucumber powdery mildew. Based on
Gisi’s standard,27 there was an additive effect when
the combinations of physcion and chrysophanol were
at a ratio of 6:4–9:1 and a synergistic effect when
the combinations of the two compounds were at a
ratio of 1:9–5:5 on both diseases. The synergistic level
increased with increase in the chrysophanol proportion
in the combination.

3.2 Greenhouse experiment
After being treated with the natural extract at
0.63–10 µg mL−1, the disease severity on wheat
seedlings and the colony number on cucumber
leaves were significantly lower than on those treated
with chrysophanol at 10 µg mL−1. There were no
differences in the disease severity and the colony
number between the natural extract and physcion
alone at the same concentration (Table 3). This
showed that physcion and the natural extract
had much higher activity on powdery mildew
than chrysophanol. The natural extract contained a
relatively low amount of physcion and could provide
similar control of powdery mildew to physcion applied

Table 1. Fungicidal activities in vivo of physcion, chrysophanol and their combinations on wheat powdery mildew in the laboratory

First test EC50 (µg mL−1) Second test EC50 (µg mL−1)

Fungicidea Theoretical Observed(95% CL) Rb Theoretical Observed (95% CL) Rb

Physcion – 0.14 (0.12–0.16) – – 0.15 (0.13–0.17) –
Chrysophanol – 5.63 (4.09–7.17) – – 5.19 (4.40–5.98) –
Combination 9:1 0.16 0.16 (0.14–0.18) 0.99 0.16 0.16 (0.14–0.19) 1.00
Combination 8:2 0.17 0.14 (0.13–0.16) 1.23 0.18 0.18 (0.15–0.20) 1.05
Combination 3:7 0.20 0.17 (0.14–0.20) 1.19 0.21 0.19 (0.16–0.21) 1.12
Combination 4:6 0.23 0.18 (0.15–0.22) 1.26 0.24 0.19 (0.17–0.22) 1.25
Combination 5:5 0.27 0.18 (0.16–0.21) 1.49 0.29 0.19 (0.16–0.21) 1.53
Combination 4:6 0.34 0.20 (0.17–0.24) 1.67 0.36 0.22 (0.19–0.26) 1.58
Combination 3:7 0.44 0.24 (0.21–0.26) 1.88 0.46 0.25 (0.20–0.29) 1.89
Combination 2:8 0.64 0.24 (0.20–0.28) 2.70 0.66 0.25 (0.22–0.29) 2.63
Combination 1:9 1.15 0.41 (0.37–0.46) 2.78 1.18 0.44 (0.38–0.49) 2.71

a Ratio of combinations is physcion to chrysophanol.
b Ratio of theoretical EC50 to observed EC50.
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Table 2. Fungicidal activities in vivo of physcion, chrysophanol and their combinations on cucumber powdery mildew in the laboratory

First test EC50 (µg mL−1) Second test EC50 (µg mL−1)

Fungicidea Theoretical Observed (95% CL) Rb Theoretical Observed (95% CL) Rb

Physcion – 0.23 (0.21–0.26) – – 0.24 (0.21–0.27) –
Chrysophanol – 6.47 (5.55–7.34) – – 7.05 (6.18–7.93) –
Combination 9:1 0.26 0.25 (0.22–0.28) 1.01 0.27 0.24 (0.21–0.27) 1.11
Combination 8:2 0.29 0.26 (0.22–0.29) 1.13 0.30 0.25 (0.22–0.28) 1.18
Combination 3:7 0.33 0.27 (0.24–0.30) 1.21 0.34 0.27 (0.23–0.30) 1.27
Combination 4:6 0.38 0.28 (0.24–0.31) 1.37 0.39 0.30 (0.26–0.33) 1.32
Combination 5:5 0.45 0.28 (0.25–0.31) 1.60 0.46 0.30 (0.26–0.33) 1.57
Combination 4:6 0.55 0.28 (0.25–0.32) 1.93 0.57 0.30 (0.26–0.34) 1.90
Combination 3:7 0.71 0.39 (0.35–0.44) 1.82 0.74 0.42 (0.37–0.47) 1.78
Combination 2:8 1.01 0.39 (0.35–0.44) 2.57 1.05 0.41 (0.35–0.46) 2.60
Combination 1:9 1.75 0.47 (0.41–0.53) 3.72 1.83 0.45 (0.40–0.50) 4.06

a Ratio of combinations is physcion to chrysophanol.
b Ratio of theoretical EC50 to observed EC50.

Table 3. Effects of physcion, chrysophanol and their natural extract on plant powdery mildew in greenhousea

Disease index on wheat Disease colonies on cucumber (no/plant)

Treatment (µg mL−1) First test Second test First test Second test

Control – 76.6 a 74.0 a 128.4 a 115.2 a
Physcion 10.00 4.9 e 4.4 e 7.7 d 6.7 e
Chrysophanol 10.00 66.3 b 61.1 b 113.8 b 99.9 b
Natural extractb 10.00 6.3 e 5.0 e 8.1 d 7.8 de

2.50 10.7 d 9.4 d 13.7 d 10.5 d
0.63 19.0 c 18.1 c 26.8 c 22.9 c

a Means within a column followed by the same letter are not significantly different at P = 0.05.
b Ratio of physcion to chrysophanol is 22:78 (w/w).

alone. This confirmed that synergism existed between
physcion and chrysophanol.

4 DISCUSSION
Traditional herbal medicines usually contain several
active ingredients with synergistic properties. A
combination of anthraquinones in phytomedicines has
shown synergism to create a higher laxative effect
in the human body.9 The anthraquinone derivatives
physcion and chrysophanol are the active ingredients
in the traditional medical herb R. officinale and are also
effective at controlling plant diseases.5–7 The findings
of this study showed the potential synergism between
the two compounds in controlling plant powdery
mildew.

Previous studies by the present authors found
that the efficacy of R. officinale extracts mainly
containing physcion and chrysophanol against plant
powdery mildew varied from batch to batch (data
not presented). The present findings indicate that the
variation could be due to the different proportions of
the two compounds in the extracts of different batches.
Different proportions of the two compounds had
different degrees of synergism, resulting in different
control efficacy.

Interactions may also exist among different compo-
nents of other plant extracts as biofungicides. There-
fore, when a natural extract is directly developed as a
biopesticide, both the contents and the proportions of
the main components need to be determined to ensure
constant efficacy of the product.
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