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Anti‑fungal activity of moso 
bamboo (Phyllostachys pubescens) 
leaf extract and its development 
into a botanical fungicide to control 
pepper phytophthora blight
Min Liao1,2,7, Xuexiang Ren3,7, Quan Gao1,2, Niuniu Liu4, Feng Tang5, Ge Wang6 & 
Haiqun Cao1,2*

Moso bamboo (Phyllostachys pubescens, Gramineae) is a well-known medicinal and edible plant found 
in China with various bioactivities, but few systematic studies address the utilization of its anti-fungal 
activity. The extract of moso bamboo leaf showed good anti-fungal activity to Phytophthora capsici, 
Fusarium graminearum, Valsa mali Miyabe et Yamada, Botryosphaeria dothidea, Venturia nashicola, 
and Botrytis cinerea Pers, with inhibitory rate of 100.00%, 75.12%, 60.66%, 57.24%, 44.62%, and 
30.16%, respectively. Anti-fungal activity was different by the difference of samples picking time and 
location. The extract showed good synergistic effects with carbendazim at the ratios of 9:1 and 15:1 
(extract : carbendazim), and the co-toxicity coefficients were 124.4 and 139.95. Compound 2 was 
isolated and identified as the main active component, with the EC50 value of 11.02 mg L−1. Then, the 
extract was formulated as a 10% emulsion in water, which was stable and had no acute toxic effects. 
Moreover, a field trial about this formulation was assayed to control pepper phytophthora blight, with 
the control effect of 85.60%. These data provided a better understanding of the anti-fungal activity 
and relevant active component of moso bamboo leaf extract. Taken together, our findings illustrated 
that bamboo leaf extract could be developed and utilized as a botanical fungicide or fungicide 
adjuvant.

Plant disease is a major factor constraining many aspects of the sustainable development of agriculture. The 
occurrence of plant diseases reduces crops including vegetables and fruits production, and affects quality 
directly1,2. Synthetic pesticides have made an important contribution to global agricultural production, and with-
out pesticides, the yields of crops will be reduced by more than 30%3. However, the widespread use of synthetic 
pesticides has resulted in adverse effects for both wildlife and humans, in addition, the influence of environmental 
and agricultural product pollution, ecological imbalance, food safety, including residue, resistance and resurgence 
are also serious problems4,5. Other plant diseases mentioned in this study seriously affect the yield and quality of 
fruits and vegetables. For example, Phytophthora capsici can cause diseases in many important vegetable crops, 
such as pepper, eggplant, tomato, and cucumber, which is a kind of devastating disease6,7. The long-term use 
of traditional synthetic fungicides to control the disease leads to increasing of resistance, pesticide residue and 
environmental pollution8. Discovery of new plant resources with anti-fungal activity has great significance9. 
It has become a popular research topic to find and develop new types of biological pesticides from biological 
resources that are environmentally friendly and safe and that leave low amounts of residue in the environment10.
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The active ingredients of botanical pesticides are diversified, making it difficult to develop drug resistance, 
and they are safer for beneficial organisms11,12. Approximately 4000 plants have preventive effect on pests and 
diseases in crops, and plants with antimicrobial activity account for nearly 1/3 of all plants13. Botanical fungi-
cide refers to an agent that controls plant diseases by using certain parts of a plant with fungicidal activity or by 
extracting an active ingredient from one of these plants, with a wide range of sources and are present in various 
plant extracts. Therefore, studies about new botanical pesticides and related dosage forms are important to the 
development of green agriculture.

The processing of pesticide preparations is an important part of the pesticide industry and the last step in the 
commercialization of pesticides14. Current environmental protection regulations have put forward high require-
ments for pesticide formulations15. In recent years, emulsifiable concentrates have been restricted or banned by 
developed countries due to their high organic solvent content, which was replaced by high-performance, environ-
mentally friendly water-based pesticide formulations16. The industrialization of new formulations of water-based 
pesticides is increasing at a rate of 10–30% every year, such as emulsion in water (EW), suspension concentrate 
(SC), water dispersible granule (WDG) and micro-emulsion (ME)17,18. Aqueous preparations can conserve many 
organic solvents and greatly reduce environmental pollution and human harm19. Moreover, natural products can 
delay the development of resistance in harmful organisms because of their complexity and other characteristics, 
reduce the amount of synthetic pesticides used, and improve the safety of pesticide application20,21. Recent studies 
have shown that a variety of natural products can be used as auxiliaries for synthetic fungicides, such as bamboo 
vinegar, alliospiroside, and cashew nut shell oil22–24.

Moso bamboo (Phyllostachys pubescens, Gramineae) (syn. edulis) is one of the main bamboo species and an 
important forest resource in China25. Because moso bamboo is a medicinal and edible plant found in China, 
the study of its biological activity and chemical compositions is an important topic that requires more in-depth 
research26,27. The extracts of bamboo have a variety of physiological functions, such as insecticidal activity, anti-
ageing, and antitumour28,29. In addition, multiple bio-active substances have been found in bamboo, such as fla-
vonoids, amino acids, polysaccharides, and alkaloids30,31. The extract of bamboo was reported to have anti-fungal 
activity32, however, studies on the main active components and application of moso bamboo extract are scarce.

In this study, the anti-fungal activity of bamboo leaf extract against the phytopathogens P. capsici, Fusarium 
graminearum, Valsa mali Miyabe et Yamada, Botryosphaeria dothidea, Venturia nashicola and Botrytis cinerea Pers 
was assayed. The influence of bamboo leaf collected time and location to anti-fungal activity was compared. Then, 
the main active component of anti-fungal activity in moso bamboo extract was isolated and identified, and the 
activity was validated. In addition, synergistic effect of the extract on carbendazim was investigated. Finally, field 
test of the 10% EW of BE control pepper phytophthora blight was performed according to national standards.

Results
Extract of moso bamboo leaf inhibits the growth of P. capsici, F. graminearum, V. mali, B. 
dothidea, V. nashicola and B. cinerea in vitro.  The extract of moso bamboo leaf showed good anti-
fungal activity against the tested fungi species (Fig. 1). When the concentration was 5.0 g L−1, the inhibitory rates 
to P. capsici, V. mali and F. graminearum were 100.00 ± 0.1%, 75.12 ± 0.92% and 60.66 ± 3.35%, respectively. In 
addition, the EC50 value of BE against P. capsici was 2.52 g L−1 (Fig. 2).

Then, the influence of bamboo leaf collected time and location to anti-fungal activities against P. capsici 
were investigated with same hyphal growth rate method. The results indicated that the BE collected in Ning-
guo, Huoshan and Shitai Counties showed better anti-fungal activity against P. capsici than the BE collected in 
the other counties (Fig. 3). When the concentration was 5.0 g L−1, the average inhibitory rates were 92.31 ± 1%, 
83.98 ± 1.8% and 81.46 ± 1.92% in 48 h, respectively. Next, the BE from Shaodong County and Jianou County had 

Figure 1.   Anti-fungal activity of moso bamboo leaf extract. The treatment concentration was 5.0 g L−1, average 
data are presented and error bars represent the standard error of the mean (n = 6). Different letters indicate 
significant differences according to Tukey HSD test comparisons (p < 0.05).
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inhibitory rates of 75.69 ± 1.97% and 72.66 ± 1.13%, respectively. The inhibitory rate was 100.00% with samples 
collected in March, May, July, and November 2014.

BE has a synergistic effect with carbendazim.  When BE was combined with carbendazim at ratios of 
5:1, 7:1, 9:1, 15:1, 49:1 and 99:1, the EC50 values were 2.37 × 10−2, 2.56 × 10−2, 2.25 × 10−2, 3.20 × 10−2, 23.20 × 10−2, 
and 191.30 × 10−2  mg  L−1, respectively. The co-toxicity coefficients (CTCs) were 70.88, 87.50, 124.40, 139.95, 
26.64, and 14.63, respectively. These results indicated that BE showed a synergistic effect when the ratios were 
9:1 and 15:1 (Table 1), revealing that the observed synergism was significant.

Isolation and structural elucidation of main active compound.  Compound 2 was obtained as a 
white amorphous powder. UV spectrum exhibited absorption maxima at 225.0 and 309.3 nm. The molecular 
formula was established as C9H8O3 according to its quasi-molecular ion peak at m/z 165.0548 [M + H]+ and 
147.0445 [M + H − H2O]+. In the 1H NMR spectrum, characteristic signals at δ 7.51 (1H, d, J = 6.0 Hz, H-2 and 

Figure 2.   Moso bamboo leaf extract inhibits the growth of the phytopathogen P. capsici.

Figure 3.   Anti-fungal activity of bamboo leaf extract against P. capsici. Note that the bamboo leaves were 
collected from different locations and at different times in Ningguo County. Average data are presented and 
error bars represent the standard error of the mean (n = 6). Different letters indicate significant differences 
according to Tukey HSD test comparisons (p < 0.05).
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H-6), 7.47 (1H, s, H-8), 6.65 (1H, d, J = 9.0 Hz, H-3 and H-5), and 6.29 (1H, d, J = 15.0 Hz, H-8) indicated the 
presence of a trans double bond and para-substituent33. The 13C NMR spectrum gave rise to 9 carbon signals. 
Six carbon signals at δ 125.72 (C-1), 130.51 (C-2 and C-6), 116.19 (C-3 and C-5) and 160.03 (C-4) confirmed 
an aromatic group, and δ 168.35 was classified as one carbonyl group. In addition, the carbon signals at δ 144.59 
and 115.79 supported the occurrence of trans double bond between C-7 and C-8. All the spectral data were in 
accordance with those of 4-hydroxycinnamic acid in the literature (Fig. 4)34.

Anti‑fungal activity validation.  To validate the anti-fungal activity of compound 2, the standard of 
4-hydroxycinnamic acid was purchased from ANPEL Laboratory Technologies Inc. As shown in Table 2, the 
EC50 values of compound 2 and 4-hydroxycinnamic acid standard against P. capsici were 11.02 and 10.80 mg L−1. 
The results supported that 4-hydroxycinnamic acid was the main active compound of anti-fungal activity in 
moso bamboo extract.

Toxicological test of the 10% EW of BE.  Based on the results of an anti-fungal test for phytopathogens 
in vitro and synergistic test, the 10% EW of BE was formulated according to standard methods (Table 3). Then, 
the acute toxicological test was performed. Test rats were given 5000 mg kg−1 b.wt. of 10% EW of BE, and no 
obvious symptoms of poisoning or death was observed. At the end of the observation period, the rats were dis-
sected, and the main organs, such as the heart, lung, liver, spleen, stomach, intestine, and kidney, were observed 
to have no obvious abnormalities. The acute oral median lethal dose (LD50) value of 10% EW in male and female 
rats was greater than 5000 mg kg−1 b.wt. According to the acute oral toxicity grading standard35,36, the 10% EW 
of BE was a microtoxic substance. The acute percutaneous LD50 of 10% EW in male and female rats was greater 
than 5000 mg kg−1 b.wt. Additionally, this formulation was a microtoxic substance, according to the grading 
standard37,38.

The results of the acute dermal irritation test showed that skin of both male and female rabbits was not 
stimulated or corroded, with the dose of 5000 mg kg−1 b.wt.

The stimulation response score and intensity results were statistically evaluated. The acute skin irritation score 
of the 10% EW of BE on rabbit was 0.0, the average index was 0.0, and no irritation was observed39,40. For the 

Table 1.   The synergistic effects of BE with carbendazim.

Treatment
BE : carbendazim Toxicity regression equation

EC50
(mg L−1) Relative coefficient CTC​ 95% Confidence intervals (mg L−1)

5:1 y = 1.6555x + 4.3786 2.37 × 10–2 0.9893 70.88 2.08 × 10–2–2.74 × 10–2

7:1 y = 2.0388x + 4.1671 2.56 × 10–2 0.9928 87.50 2.29 × 10–2–2.85 × 10–2

9:1 y = 1.1738x + 4.3865 2.25 × 10–2 0.9846 124.44 1.89 × 10–2–2.66 × 10–2

15:1 y = 1.2661x + 4.3554 3.20 × 10–2 0.9948 139.95 2.88 × 10–2–3.56 × 10–2

49:1 y = 2.2446x + 1.1381 23.20 × 10–2 0.9894 26.64 47.79 × 10–2–57.85 × 10–2

99:1 y = 1.3652x + 1.8851 191.30 × 10–2 0.9865 14.63 166.6 × 10–2–223.20 × 10–2

Figure 4.   The structure of compound 2.

Table 2.   Anti-fungal activity of 4-hydroxycinnamic acid standard and compound 2.

Concentration (mg 
L−1)

4-hydroxycinnamic acid standard Compound 2

Inhibitory rate
Toxicity regression 
equation EC50 (mg L−1) 95% CI (mg L−1) Inhibitory rate

Toxicity regression 
equation

EC50
(mg L−1) 95% CI (mg L−1)

6.25 32.83 ± 0.35a

y = 3.9089x + 4.8249 10.80 8.77 ~ 12.28

29.87 ± 0.71b

y = 4.2640x + 4.7745 11.02 9.17 ~ 12.38

10.00 49.41 ± 0.76a 48.30 ± 1.05b

12.50 59.30 ± 0.54a 58.77 ± 0.88b

15.00 71.63 ± 0.82b 71.82 ± 0.52a

20.00 81.72 ± 0.95b 83.43 ± 1.13a
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acute eye irritation of the BE formulation, the test rabbits were given 5000 mg kg−1 b.wt. The test results showed 
that the stimulation reaction did not disappear after 72 h (Table 4). The acute eye irritation integral index of the 
10% EW of BE was 11.0, average index was 4.5 (less than 5 after 4 days). The index recovered to normal after 
7 days, indicating moderate irritation41–43. After washing at 4 s, the average score was 1.5 (less than 5 after 48 h), 
and the score returned to normal at 72 h. A similar result was obtained in the test after washing at 30 s, which 
also indicated mild irritation.

Field test.  The 10% EW of BE and 11.2% EW of BE·carbendazim (Table 3) were used in a field containing C. 
annuum seedlings at the occurrence peak of pepper phytophthora blight. The results indicated that the control 
effect increased with application concentration, gradually (Table 5).

The control effect of 10% EW of BE was 85.60 ± 2.15%, with concentration of 9000 ml ha−1. The value of 40% 
SC of carbendazim was 89.22 ± 0.75% at the same investigation time. In the seventh day, the control effect of 
11.2% EW of BE·carbendazim was 88.32 ± 1.75%, which showed a better control effect.

Discussion and conclusion
These results demonstrated that the BE has better anti-fungal activity against phytopathogens P. capsici, V. mali 
and F. graminearum, which has the potential to be developed into a broad-spectrum fungicide. Anti-fungal activi-
ties of BE extracted from the moso bamboo leaves of different sources revealed that the activity was associated 
with location, light, temperature, humidity, soil environment, etc44. Some differences in the types and contents 
of secondary metabolites in bamboo leaves in different seasons and planting locations were reported45,46. These 
differences might be the reason that different BEs showed different activities in vitro.

In vitro studies on plants used in traditional medicine have been carried out in the field of microbiology, 
especially on phytopathogen growth, and some of these studies investigated the antimicrobial activity of Allium 
sativum L (garlic)47, Psidium guajava L. (guava)48, Syzygium aromaticum (L) Merrill & Perry49, and Zingiber 
officinale Roscoe (ginger)50. A paper about plants and antimicrobial activity with the objective of analyzing the 
past, present, and future suggested that the mechanisms of action, interactions with fungicides or with other 
plants and the pharmacokinetic profile of plant extracts are fundamental to research51. Research on synergism is 
very limited, and few studies have been reported52,53. Thus, in our research, we evaluated the synergism between 
extracts of moso bamboo leaf and carbendazim against P. capsici by using the hyphal growth rate method, and 
the results showed that the synergism of BE was significant.

In addition, 4-hydroxycinnamic acid was isolated and identified as the main anti-fungal compound in moso 
bamboo extract, which was validated with hyphal growth rate method54. In previous study, this compound was 
almost reported as an intermediate in the pharmaceutical and fragrance industry55, with anti-oxidant and anti-
inflammatory properties56,57. The identification of the main active compound will promote the future use of moso 
bamboo resources and 4-hydroxycinnamic acid.

The optimized 10% EW of BE was stable and safe in accordance with national standards58. In this study, the 
results of the acute toxicological test indicated that the 10% EW of BE had no acute toxic effects, which provided 
an experimental basis for biosafety to develop and utilize it as a botanical fungicide59.

In this work, the 10% EW of BE and 11.2% EW of BE·carbendazim were identified to have a good control 
effect on pepper phytophthora blight. The extract of moso bamboo leaf has potential and broad application 
prospects for development as a new botanical fungicide formulation or a carbendazim compound preparation, 
especially to control pepper phytophthora blight. The standardized techniques for the application of moso bam-
boo leaf should also be taken into consideration to formulate commercial products.

Table 3.   Formulation of the 10% EW of BE and 11.2% EW of BE · carbendazim.

Formulation Composition Content (%)

10% EW of BE

Bamboo leaf extract 10.0

Solvent S 20.0

Emulsifier E 4.0

Emulsifier F 3.0

Emulsifier G 3.0

Anti-freeze agents N 4.0

Thickeners M 0.2

Water 55.8

11.2% EW of BE · carbendazim

Bamboo leaf extract:carbendazim (15:1) 11.2

Solvent S 20.0

Emulsifier J 4.0

Emulsifier K 3.0

Emulsifier L 3.0

Anti-freeze agents Q 4.0

Thickeners P 0.2

Water 54.6
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Materials and methods
Extract of moso bamboo leaf.  Dried moso bamboo leaves were collected from Ningguo County, 
Huoshan County, Shitai County, Qianshan County, Fanchang County, Shaodong County, Jianou County, and 
Chishui County, China. These voucher specimens of the samples collected from Ningguo County (designed 
No. 00-S2014-001 to No. 00-S2014-006 and No. 00-S2015-001), and the samples collected from other Counties 
(designed No. 00-S2014-007 to No. 00-S2014-013). All samples were deposited in School of Plant Protection, 

Table 4.   Evaluation of acute eye irritation about the 10% EW of BE. Note: T was treatment in this table; 
I.A.O.I. = Acute index of eye irritation; M.I.O.I. = The mean index of eye irritation.

No Areas

Eyes without washing Eyes were washed at 4 s Eyes were washed at 30 s

Irritation response scores

1 h 24 h 48 h 72 h 4 d 7 d 1 h 24 h 48 h 72 h 1 h 24 h 48 h 72 h

T CK T CK T CK T CK T CK T CK T CK T CK T CK T CK T CK T CK T CK T CK

1

Con-
junc-
tiva

8 0 10 0 10 0 8 0 6 0 0 0 6 0 4 0 2 0 0 0 8 0 6 0 4 0 0 0

Iris 0 0 0 0 5 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Cor-
nea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Score 8 0 10 0 15 0 13 0 6 0 0 0 6 0 4 0 2 0 0 0 8 0 6 0 4 0 0 0

2

Con-
junc-
tiva

6 0 10 0 8 0 6 0 4 0 0 0 8 0 4 0 2 0 0 0 8 0 6 0 2 0 0 0

Iris 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Cor-
nea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Score 6 0 10 0 8 0 6 0 4 0 0 0 8 0 4 0 2 0 0 0 8 0 6 0 2 0 0 0

3

Con-
junc-
tiva

6 0 10 0 10 0 6 0 6 0 0 0 6 0 4 0 2 0 0 0 6 0 6 0 2 0 0 0

Iris 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Cor-
nea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Score 6 0 10 0 15 0 6 0 6 0 0 0 6 0 4 0 2 0 0 0 6 0 6 0 2 0 0 0

4

Con-
junc-
tiva

6 0 6 0 6 0 6 0 2 0 0 0 6 0 4 0 2 0 0 0 8 0 6 0 4 0 0 0

Iris 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Cor-
nea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Score 6 0 6 0 6 0 6 0 2 0 0 0 6 0 4 0 2 0 0 0 8 0 6 0 4 0 0 0

Total scores 26 0 36 0 44 0 31 0 18 0 0 0 26 0 16 0 6 0 0 0 30 0 24 0 12 0 0 0

Average 
irritation 
index

6.5 9.0 11.0 7.75 4.5 0.0 6.5 4.0 1.5 0.0 7.5 6.0 3.0 0.0

Results I.A.O.I. = 11.0; M.I.O.I. = 4.5; Mild and moderate irritation I.A.O.I. = 6.5; M.I.O.I. = 1.5; Mild irritation I.A.O.I. = 7.5; M.I.O.I. = 3.0; Mild irritation

Table 5.   Field test of 10% EW of BE control pepper phytophthora blight. Different letters indicate significant 
differences according to Tukey HSD test comparisons (p < 0.05).

Formulation Treatment (ml ha−1) Disease index before spraying

Control effect ± SD (%)

3 days after spraying 7 days after spraying

10% EW of BE

3000 4.67 73.45 ± 2.30g 73.88 ± 1.10g

6000 4.05 80.25 ± 1.60e 82.22 ± 0.85e

9000 4.03 85.60 ± 2.15c 88.10 ± 0.88c

11.2% EW of BE · carbendazim

300 4.23 76.60 ± 2.43f. 80.61 ± 1.32f.

600 4.25 80.94 ± 3.01d 82.82 ± 1.82d

900 3.68 86.41 ± 0.90b 88.32 ± 1.75b

40% SC of carbendazim 900 3.99 89.22 ± 0.75a 91.98 ± 1.48a

CK – 3.28 – –
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Anhui Agricultural University, Hefei 230036, China. The species was identified by Professor Yongde-Yue (State 
Forestry Administration Key Open Laboratory, International Centre for Bamboo and Rattan).

Bamboo leaf samples (100.00 kg) were extracted three times with 95% aqueous ethanol at room temperature 
(24 h × 20 L, total 72 L), referred the method established in this laboratory60. Then, a brown residue (2.65 kg) 
was yielded, which was the BE.

Anti‑fungal activity assays.  The anti-fungal activity of BE was tested in vitro using the hyphal growth 
rate method of Arunyanark et al.61. The phytopathogens F. graminearum, V. mali Miyabe et Yamada, P. capsici, B. 
dothidea, V. nashicola and B. cinerea Pers were obtained from Plant Pathology Laboratory of Anhui Agricultural 
University. All of these phytopathogens inoculated at the centre of the plate and incubated in the dark at 28 °C. 
Subsequently, 0.5 g of filter-sterilized extracts dissolved in acetone (5 mL). The solution was added to potato 
dextrose agar medium (PDA medium) (95  mL), and then the medium was sub-packed in 6 sterilized petri 
dishes to obtaining drug-containing medium. Several fungal disks were made on the plate of phytopathogens 
with a hole punch with a 0.6 cm in diameter. The disk was picked up by an inoculation needle and placed lightly 
on drug-containing medium plates. This process was repeated 6 times per treatment, with reproducible results.

Determination of the inhibitory rate.  The plates were placed in the dark at 28 °C and photographed 
after 48 h. The calculation formula was as follows:

Synergistic effect of BE.  The BE extracted from the bamboo collected in Ningguo County was combined 
with carbendazim (96.0%) to evaluate the synergistic effect. The BE to carbendazim ratios were 5:1, 7:1, 9:1, 15:1, 
49:1, and 99:1 according to mass.

The synergistic effect was expressed by the CTC. Firstly, the concentrations for 50% of maximal effect (EC50) 
value of BE and carbendazim were obtained from the previous results in this study and converted into the actual 
toxicity index (ATI). Then, the theoretical toxicity index (TTI) was assayed. A CTC value greater than 120 indi-
cated synergism, a value between 80 and 120 indicated additive action, and less than 80 indicated antagonism. 
The calculation formula of CTC was as follows62:

Analysis of main active component.  To determine the main active ingredient in the extract of bamboo, 
the BE was sequentially extracted with petroleum ether, ethyl acetate and n-butyl alcohol. The extraction solu-
tions were concentrated in vacuo to yield a petroleum ether-soluble fraction (321.40 g), an ethyl acetate-soluble 
fraction (508.25 g), and an n-butanol soluble fraction (412.10 g). Anti-fungal activity against P. capsici of these 
fractions was evaluated. Then, identification of active ingredients was assayed using PHPLC according to the 
results of activity tracking.

The active compound was analyzed by ultraviolet chromatography (UV), nuclear magnetic resonance (NMR) 
and high resolution electrospray ionization mass spectra (HRESIMS). Then, the anti-fungal activity of this com-
pound was validated and compared with standard (purity ≥ 98.00%), which purchased from ANPEL Laboratory 
Technologies Inc. (Shanghai, China).

BE formulation.  Stable 10% EW of BE was formulated according to national standards. The formula was 
optimized by investigating solvents, emulsifiers and other auxiliaries. Acute toxicity tests were performed 
according to national standards, including acute oral toxicity, acute percutaneous toxicity, acute dermal irrita-
tion and acute eye irritation.

The 10% EW of BE was dosed to a desired drug concentration using soybean oil as a solvent, with concentra-
tion of 5000 mg kg−1 b.wt. Ten male rats and 10 female rats were used to evaluate the acute oral toxicity, and the 
results of poisoning symptoms and death were recorded after 14 days of one oral exposure. A similar method 
was used to assess acute percutaneous toxicity, and the touching method was one percutaneous exposure.

Four rabbits (2 male and 2 female) with healthy skin were chosen for the acute dermal irritation test. The hair 
of the rabbits (6 cm2) was removed from the back before the test, and 0.1 mL of formulation was used. Then, the 
medication section was covered with gauze after application, and normal skin was used as a blank control. Simi-
larly, healthy rabbits with good eyes were used to evaluate the acute eye irritation of BE formulation. The lower 
eyelid of one side was gently pulled down, and 0.1 mL of the formulation was added to the conjunctival sac. To 
prevent the liquid from overflowing, the eyelid was closed for approximately 1 min and washing was avoided for 
24 h after the application. The contralateral eye was the blank control. The results were recorded at 1, 24, 48 and 
72 h after application. If there was no stimulatory reaction at 72 h, the test was terminated. If a reaction appeared, 
the damage and reversibility continued to be observed for up to 21 days. If the response to stimulation did not 
resolve in 72 h, another 4 rabbits were selected to observe the eye wash effect, after instilling the formulation, the 
eyes were washed with physiological saline for 5 min at 4 s and 30 s, and the reaction was observed. Additional 
8 rabbits were observed for eye reaction, eyes were washed at 4 s and 30 s after applying formulation.

Inhibitory rate (%) =
Diameter of control − Diameter of treatment

Diameter of control − 0.6 cm
× 100

CTC =

ATI

TTI
× 100
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Field test.  The test was conducted in a greenhouse in Lujiang County, Anhui Province. C. annuum. was 
chosen as the test subject for the field test, and the disease was pepper phytophthora blight. The test plot soil 
was loam, and the management level of the greenhouse was consistent with others. Fertilization, irrigation and 
drainage were not performed during the test, which satisfied the requirements of the test63.

40% SC of carbendazim was chosen as positive controls, and the concentration was 900 mL ha−1. The 10% 
EW of BE was assayed at three concentrations, 3000, 6000, and 9000 mL ha−1, and the 11.2% compound EW 
of BE·carbendazim was tested at 300, 600, and 900 mL ha−1. In addition, the blank control was sprayed water. 
Each treatment repeated three times. The area of each plot was 600 m2, these plots were arranged randomly, with 
protected rows and areas around the test field.

A 3WBD-16C electric sprayer was used to spray the formulation evenly on the leaves, and the amount of 
spray liquid was 750 L ha−1. Five points per plot were chosen before spraying, and 200 strains were fixed at each 
point. The test was assayed at the occurrence peak of pepper phytophthora blight. Before the application of these 
formulations, the disease index was investigated, and the level of disease on the marked leaves of each plot was 
investigated on the third and seventh days after spraying. Then, the disease index and treatment effects were 
calculated.

Statistical analysis.  Data are expressed as mean ± standard deviation (SD). Means were compared using 
Tukey HSD test, the differences in the mean values of P < 0.05 between treatment groups were set as the signifi-
cance threshold. Data from field tests were analyzed with analysis of variance (ANOVA), significant ANOVAs 
were then followed by mean separation with a Tukey HSD. The test data obtained from each dose response 
bioassay were subjected to probit analysis, and EC50 values and their 95% confidence intervals were estimated. 
Comparisons of the EC50 values were based on the overlap of the confidence intervals. Analyses were conducted 
using the statistical package SPSS 14.0.

Ethics statement.  The animal testing procedures have been approved by the Code of Ethics and reviewed 
and implemented according to the guidelines of the Animal Care and Use Committee of Anhui Medical Univer-
sity (number: LLSC20150348). All the procedures were carried out in full accordance with the Helsinki Decla-
ration on Animal Rights. Adequate care was taken to minimize pain and discomfort. Animals were given food 
and water ad libitum. All protocols in this study were carried out in compliance with the ARRIVE guidelines.

Forty rats were used: male rats (n = 20) and female rats (n = 20) both were BALB/c OlaHsd obtained from 
Anhui Medical University, China. At the time of these tests the rat had body weights of 200 ± 3 g (mean ± SEM). 
Eight rabbits were used: male rats (n = 4) and female rats (n = 4) both were New Zealand white rabbits, obtained 
from Anhui Medical University, China. At the time of these tests the rat had body weights of 2500 ± 50 g 
(mean ± SEM).

Received: 18 May 2020; Accepted: 2 February 2021

References
	 1.	 Birch, A. N. E., Begg, G. S. & Squire, G. R. How agro-ecological research helps to address food security issues under new IPM and 

pesticide reduction policies for global crop production systems. J. Exp. Bot. 62, 3251–3261 (2011).
	 2.	 Fan, M. S. et al. Improving crop productivity and resource use efficiency to ensure food security and environmental quality in 

China. J. Exp. Bot. 63, 13–24 (2011).
	 3.	 Reganold, J. P. & Wachter, J. M. Organic agriculture in the twenty-first century. Nat. Plants 2, 15221–15228 (2016).
	 4.	 Yadav, I. C. et al. Current status of persistent organic pesticides residues in air, water, and soil, and their possible effect on neigh-

boring countries: a comprehensive review of India. Sci. Total Environ. 511, 123–137 (2015).
	 5.	 Kumar, R. & Mukherji, S. Threat posed by persistent organochlorine pesticides and their mobility in the environment. Curr. Org. 

Chem. 22, 954–972 (2018).
	 6.	 Hausbeck, M. K. & Lamour, K. H. Phytophthora capsici on vegetable crops: research progress and management challenges. Plant 

Dis. 88, 1292–1303 (2004).
	 7.	 Granke, L. L., Quesada-Ocampo, L., Lamour, K. & Hausbeck, M. K. Advances in research on Phytophthora capsici on vegetable 

crops in the United States. Plant Dis. 96, 1588–1600 (2012).
	 8.	 Silvar, C., Merino, F. & Diaz, J. Diversity of Phytophthora capsici in northwest Spain: analysis of virulence, metalaxyl response, and 

molecular characterization. Plant Dis. 90, 1135–1142 (2006).
	 9.	 Sulub-Tun, R. A. et al. Antifungal activity of wild and nursery Diospyros cuneata, a native species of dune scrub. S. Afr. Bot. 131, 

484–493 (2020).
	10.	 Frankova, A. et al. The antifungal activity of essential oils in combination with warm air flow against postharvest phytopathogenic 

fungi in apples. Food Control 68, 62–68 (2016).
	11.	 Tripathi, P. & Dubey, N. K. Exploitation of natural products as an alternative strategy to control postharvest fungal rotting of fruit 

and vegetables. Postharvest Biol. Technol. 32, 235–245 (2004).
	12.	 Amoabeng, B. W., Johnson, A. C. & Gurr, G. M. Natural enemy enhancement and botanical insecticide source: a review of dual 

use companion plants. Appl. Entomol. Zool. 54, 1–19 (2019).
	13.	 Ngameni, B. et al. Antibacterial and antifungal activities of the crude extract and compounds from Dorstenia turbinata (Moraceae). 

S. Afr. J. Bot. 75, 256–261 (2009).
	14.	 Miresmailli, S. & Isman, M. B. Botanical insecticides inspired by plant–herbivore chemical interactions. Trends Plant Sci. 19, 29–35 

(2014).
	15.	 Nuruzzaman, M. D., Rahman, M. M., Liu, Y. & Naidu, R. Nanoencapsulation, nano-guard for pesticides: a new window for safe 

application. J. Agr. Food Chem. 64, 1447–1483 (2016).
	16.	 Mulqueen, P. Recent advances in agrochemical formulation. Adv. Colloid Interfaces 106, 83–107 (2003).
	17.	 Brar, S. K., Verma, M., Tyagi, R. D. & Valéro, J. R. Recent advances in downstream processing and formulations of Bacillus thur-

ingiensis based biopesticides. Process Biochem. 41, 323–342 (2006).



9

Vol.:(0123456789)

Scientific Reports |         (2021) 11:4146  | https://doi.org/10.1038/s41598-021-83598-y

www.nature.com/scientificreports/

	18.	 Hemaiswarya, S., Kruthiventi, A. K. & Doble, M. Synergism between natural products and antibiotics against infectious diseases. 
Phytomedicine 15, 639–652 (2008).

	19.	 Liu, J. & Hurt, R. H. Ion release kinetics and particle persistence in aqueous nano-silver colloids. Environ. Sci. Technol. 44, 
2169–2175 (2010).

	20.	 Lorito, M., Peterbauer, C., Hayes, C. K. & Harman, G. E. Synergistic interaction between fungal cell wall degrading enzymes and 
different antifungal compounds enhances inhibition of spore germination. Microbiology 140, 623–629 (1994).

	21.	 Probst, I. S., Sforcin, J. M., Rall, V. L. M., Fernandes, A. A. H. & Fernandes, J. A. Antimicrobial activity of propolis and essential 
oils and synergism between these natural products. J. Venom. Anim. Toxins 17, 159–167 (2011).

	22.	 Wang, W. Q. et al. Fungicidal activity of bamboo vinegar against several phytopathogenic fungi. Acta Phytopathologica Sinica 35, 
112–117 (2005).

	23.	 Attanasi, O. A. et al. Solvent free synthesis of novel mono-and bis-benzoxazines from cashew nut shell liquid components. Curr. 
Org. Chem. 16, 2613–2621 (2012).

	24.	 Teshima, Y. et al. Identification and biological activity of antifungal saponins from shallot (Allium cepa L. Aggregatum group). J. 
Agr. Food Chem. 61, 7440–7445 (2013).

	25.	 Wang, B. et al. Biomass and carbon stock in Moso bamboo forests in subtropical China: characteristics and implications. J. Trop. 
For. Sci. 25, 137–148 (2013).

	26.	 Sood, A., Nadha, H. K., Sood, S., Walia, S. & Parkash, O. Large scale propagation of an exotic edible bamboo, Phyllostachys pubescens 
Mazel ex H. De Lehale (Moso Bamboo) using seeds. Indian J. Exp. Biol. 52, 755–758 (2014).

	27.	 Katayama, N. et al. Response of a wild edible plant to human disturbance: harvesting can enhance the subsequent yield of bamboo 
shoots. PLoS ONE 10, e0146228 (2015).

	28.	 Sun, J. et al. Isolation and identification of lignans from Caulis Bambusae in Taenia with antioxidant properties. J. Agr. Food Chem. 
61, 4556–4562 (2013).

	29.	 Kim, D. S., Kim, S. H. & Cha, J. Antiobesity effects of the combined plant extracts varying the combination ratio of Phyllostachys 
pubescens leaf extract and Scutellaria baicalensis root extract. Evid-Based Compl. Alt. 5, 9735276–9735286 (2016).

	30.	 Takahashi, T., Mizui, K. & Miyazawa, M. Volatile compounds with characteristic odour in moso-bamboo stems (Phyllostachys 
pubescens Mazel ex Houz. De ehaie). Phytochem. Anal. 21, 489–495 (2010).

	31.	 Sun, J. et al. Major chemical constituents of bamboo shoots (Phyllostachys pubescens): Qualitative and quantitative research. J. Agr. 
Food Chem. 64, 2498–2505 (2015).

	32.	 Shen, X. Y. et al. Diversity and antimicrobial activity of culturable endophytic fungi isolated from moso bamboo seeds. PLoS ONE 
9, e95838 (2014).

	33.	 Sun, J., Gao, Q., Li, X. B., Tang, F. & Li, C. X. Antiproliferative constituents from Aphananthe aspera leaves. Phytochem. Lett. 21, 
247–250 (2017).

	34.	 Magdas, D. A., Pinzaru, S. C., Guyon, F., Feher, I. & Cozar, B. I. Application of SERS technique in white wines discrimination. Food 
Control 92, 30–36 (2018).

	35.	 Kim, K. H., Kabir, E. & Jahan, S. A. Exposure to pesticides and the associated human health effects. Sci. Total Environ. 575, 525–535 
(2016).

	36.	 Fort, D. J. et al. Evaluation of an acute oral gavage method for assessment of pesticide toxicity in terrestrial amphibians. Environ. 
Toxicol. Chem. 37, 436–450 (2018).

	37.	 Perkins, M. W. et al. Vapor inhalation exposure to soman in conscious untreated rats: preliminary assessment of neurotoxicity. 
Inhal. Toxicol. 28, 14–21 (2016).

	38.	 Maul, J. D., Blackstock, C. & Brain, R. A. Derivation of avian dermal LD50 values for dermal exposure models using in vitro per-
cutaneous absorption of [14C]-atrazine through rat, mallard, and northern bobwhite full thickness skin. Sci. Total Environ. 630, 
517–525 (2018).

	39.	 Corvaro, M. et al. A retrospective analysis of in vivo eye irritation, skin irritation and skin sensitisation studies with agrochemical 
formulations: Setting the scene for development of alternative strategies. Regul. Toxicol. Pharm. 89, 131–147 (2017).

	40.	 Betsabee, O. S. I., Luis, S. S. J., Arturo, R. S. J. & Montserrat, C. S. Evaluation of the toxicity and pathogenicity of biocontrol agents 
in murine models, chicken embryos and dermal irritation in rabbits. Toxicol. Res-UK 6, 188–198 (2017).

	41.	 Kolle, S. N., Cott, V. A., Ravenzwaay, B. V. & Landsiedela, R. Lacking applicability of in vitro eye irritation methods to identify 
seriously eye irritating agrochemical formulations: results of bovine cornea opacity and permeability assay, isolated chicken eye 
test and the EpiOcular ET-50 method to classify according to UN GHS. Regul. Toxicol. Pharm. 85, 33–47 (2017).

	42.	 Son, D. et al. Assessment of tomato (Solanum Lycopersicum L.) producers’ exposure level to pesticides, in Kouka and Toussiana 
(Burkina Faso). Int. J. Environ. Res. Public Health 15, 204–221 (2018).

	43.	 Zhang, L. et al. Study on stability and toxicity test of the antibacterial substance No. 026-I. In 7th international conference on 
energy, environment and sustainable development (ICEESD 2018). Atlantis Press 163, 934–938 (2018).

	44.	 Ghasemzadeh, A., Jaafar, H. Z. E., Bukhori, M. F. M., Rahmat, M. H. & Rahmat, A. Assessment and comparison of phytochemical 
constituents and biological activities of bitter bean (Parkia speciosa Hassk) collected from different locations in Malaysia. Chem. 
Cent. J. 12, 12–20 (2018).

	45.	 Li, R. C., Meyers, P. A., Fan, J. & Xue, J. T. Monthly changes in chain length distributions and stable carbon isotope compositions 
of leaf n-alkanes during growth of the bamboo Dendrocalamus ronganensis and the grass Setaria viridis. Org. Geochem. 101, 72–81 
(2016).

	46.	 Knott, K. K. et al. Phenological changes in bamboo carbohydrates explain the preference for culm over leaves by giant pandas 
(Ailuropoda melanoleuca) during spring. PLoS ONE 12, e0177582 (2017).

	47.	 Benkeblia, N. Antimicrobial activity of essential oil extracts of various onions (Allium cepa) and garlic (Allium sativum). LWT-Food 
Sci. Technol. 37, 263–268 (2004).

	48.	 Voravuthikuchai, S. et al. Effective medicinal plants against entherohaemorragic Escherichia coli O157:H7. J. Ethnopharmacol. 94, 
49–54 (2004).

	49.	 López, P., Sánches, C., Batlle, R. & Nerín, C. Solid-and vaporphase antimicrobial activities of six essential oils: susceptibility of 
selected foodborne bacterial and fungal strains. J. Agr. Food Chem. 53, 6939–6946 (2005).

	50.	 Konning, G. H., Ayare, C. & Ennison, B. Antimicrobial activity of some medicinal plants from Ghana. Fitoterapia 75, 65–67 (2004).
	51.	 Ríos, J. L. & Recio, M. C. Medicinal plants and antimicrobial activity. J. Ethnopharmacol. 100, 80–84 (2005).
	52.	 Aburjal, T., Darwish, R. M., Al-Khalil, S., Mahgzah, A. & Al-Abbdi, A. Screening of antibiotic resistant inhibitors from local plant 

materials against two different strains of Pseudomonas aeruginosa. J. Ethnopharmacol. 76, 39–44 (2001).
	53.	 Aqil, F., Khan, M. S. A., Owais, M. & Ahmad, I. Effect of certain bioactive plant extracts on clinical isolates of β-lactamase produc-

ing methicillin resistant Staphylococcus aureus. J. Basic Microb. 45, 106–114 (2005).
	54.	 Yu, H. X. et al. Surface chemical changes analysis of UV-light irradiated moso bamboo (Phyllostachys pubescens Mazel). R. Soc. 

Open Sci. 5, 180110 (2018).
	55.	 Verma, A. M., Agrawal, K. & Kishore, N. Elucidation of novel mechanisms to produce value-added chemicals from vapour phase 

conversion of ferulic acid. Theor. Chem. Acc. 137, 122 (2018).
	56.	 Razzaghi-Asl, N., Garrido, J., Khazraei, H., Borges, F. & Firuzi, O. Antioxidant properties of hydroxycinnamic acids: a review of 

structure-activity relationships. Curr. Med. Chem. 20, 4436–4450 (2013).



10

Vol:.(1234567890)

Scientific Reports |         (2021) 11:4146  | https://doi.org/10.1038/s41598-021-83598-y

www.nature.com/scientificreports/

	57.	 Pérez-Alvarez, V., Bobadilla, R. A. & Muriel, P. Structure–hepatoprotective activity relationship of 3, 4-dihydroxycinnamic acid 
(caffeic acid) derivatives. J. Appl. Toxicol. 21, 527–531 (2001).

	58.	 Strickland, J. et al. Status of acute toxicity testing requirements and data uses by US regulatory agencies. Regul. Toxicol. Pharm. 94, 
183–196 (2018).

	59.	 Duan, Y., Guan, N., Li, P., Li, J. & Luo, J. Monitoring and dietary exposure assessment of pesticide residues in cowpea (Vigna 
unguiculata L. Walp) in Hainan, China. Food Control 59, 250–255 (2016).

	60.	 Gao, Q. et al. Laboratory and field evaluation of the aphidicidal activity of moso bamboo (Phyllostachys pubescens) leaf extract and 
identification of the active components. Pest Manag. Sci. 75, 3167–3174 (2019).

	61.	 Arunyanark, A. et al. Association between aflatoxin contamination and drought tolerance traits in peanut. Field Crop. Res. 114, 
14–22 (2009).

	62.	 Gu, Z. Y., Chen, M. L. & Xu, X. L. Deviation of co-toxicity coefficient in evaluation of joint action of pesticides against pests and 
its correction. Jiangsu J. Agric. Sci. 26, 1238–1246 (2010).

	63.	 National Criterion of China. GB/T 17980.32-2000, Guidelines for the field efficacy trials (I)- Fungicides against pepper phytoph-
thora blight. Standardization Administration of the People’s Republic of China, Standards Press of China: Beijing, China. Accessed 
May 1, 2000.

Acknowledgements
This work was supported by the National Key Research and Development Program (2017YFD0600805, 
2012BAD23B0303) and was sponsored by the People’s Republic of China Ministry of Science and Technology.

Author contributions
Conceptualization—M.L., F.T. and H.C.; formal analysis—M.L., X.R., Q.G. and N.L.; investigation—M.L., X.R., 
Q.G. and N.L.; writing—original draft preparation, M.L. and X.R.; writing, review and editing—M.L., F.T., G.W. 
and H.C.; supervision—H.C.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https​://doi.
org/10.1038/s4159​8-021-83598​-y.

Correspondence and requests for materials should be addressed to H.C.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://creat​iveco​mmons​.org/licen​ses/by/4.0/.

© The Author(s) 2021

https://doi.org/10.1038/s41598-021-83598-y
https://doi.org/10.1038/s41598-021-83598-y
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Anti-fungal activity of moso bamboo (Phyllostachys pubescens) leaf extract and its development into a botanical fungicide to control pepper phytophthora blight
	Results
	Extract of moso bamboo leaf inhibits the growth of P. capsici, F. graminearum, V. mali, B. dothidea, V. nashicola and B. cinerea in vitro. 
	BE has a synergistic effect with carbendazim. 
	Isolation and structural elucidation of main active compound. 
	Anti-fungal activity validation. 
	Toxicological test of the 10% EW of BE. 
	Field test. 

	Discussion and conclusion
	Materials and methods
	Extract of moso bamboo leaf. 
	Anti-fungal activity assays. 
	Determination of the inhibitory rate. 
	Synergistic effect of BE. 
	Analysis of main active component. 
	BE formulation. 
	Field test. 
	Statistical analysis. 
	Ethics statement. 

	References
	Acknowledgements


