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ABSTRACT 
 

We studied the effects of identified metabolites and the dry residue from Penicillium 

griseofulvum (DRPG) on the seed germinations of O. cumana and Phelipanche aegyptiaca Pers. 

(Orobanche aegyptiaca Pers.). Thin Layer Chromatography (TLC) and High Performance Liquid 

Chromatography (HPLC) assays were used to isolate and quantify the chemicals in the culture 

filtrate of P. griseofulvum (CFPG). Results showed that both patulin (a metabolite of P. griseofulvum) 

and the DRPG solutions at 1.0 mg mL-1 completely inhibited the seed germination of O. cumana and 

P. aegyptiaca. The colour and Rf value of patulin were also similar to the fourth band of dry residue 

of P. griseofulvum in the TLC assay. Moreover, the shape and retention time of patulin peak in the 

HPLC assay was similar to the main peak of the DRPG. In conclusion, the patulin is the main 

allelochemical produced from P. griseofulvum, which inhibited the seed germination of O. cumana 

and P. aegyptiaca. 

Key words: Allelopathy, inhibitory effect, Orobanche cumana Wallr., patulin, Penicillium 

griseofulvum, Phelipanche aegyptiaca, seed germination. 

 

INTRODUCTION 
 

Root parasitic weeds Orobanche spp. causes substantial losses in crop yields of many 

crops (15,30). Two such parasitic weeds (O. cumana and P. aegyptiaca) severely threatens 

the growth of sunflower (Helianthus annuus L.) and Solanaceae plants, respectively (5,25). 

In North China [Shaanxi Province, Heilongjiang Province and Inner Mongolia Autonomous 

Region], O. cumana adversely affects the yield and quality of sunflower (3,9,14,36). The P. 

aegyptiaca adversely affects the production of tomato in Xinjiang Uygur Autonomous 

Region (40). The Orobanche spp. is difficult to control due to special life cycle and 

production of large number of tiny seeds (10). Since most damage to hosts has already been 

done before the Orobanche spp. emergence from the soil, hence, to control them at the seed 
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germination stage is the promising control strategy (13,17,25,31). 

Seed germination of Orobanche spp. is inhibited by the microorganisms [Fusarium 

oxysporum (26), Myrothecium verrucaria (11), Rhizobium leguminosarum (21), 

Pseudomonas fluorescens (38), arbuscular mycorrhizal fungi (12,18)] and certain soil-borne 

antagonistic microorganisms (Streptomyces enissocaesilis and Penicillium griseofulvum) 

(8). Many mechanisms illustrate the inhibitory effects of microorganisms on parasitic weeds 

through the production of compounds to inhibit the seed germination of parasitic weeds. 

Mabrouk et al. (20) found that R. leguminosarum strains controlled the Orobanche crenata 

through the accumulation of gallic acid and naringenin, which could inhibit the seed 

germination of O. crenata that were induced by GR24 (a synthetic strigol analogue). Results 

from Miché et al. (24) showed that the inhibitory effect of Azospirillum brasilense on the 

seed germination of Striga hermonthica induced by GR24 may due to the production of 

small lipophilic compounds. In addition, verrucarin A, epiepoformin, sphaeropsidin A and 

cytochalasans, which are metabolites of certain microorganisms also inhibits the seed 

germination of Orobanche spp. (10). 

In our previous study, one soilborne fungus (P. griseofulvum) severely inhibited the 

seed germination of O. cumana, which was induced either by synthetic germination 

stimulant (GR24) or sunflower released stimulants (8). However, the allelochemicals 

produced by P. griseofulvum and inhibitory to O. cumana and P. aegyptiaca are still 

unknown. This study aimed to extract, isolate and identify the chemical constituents from 

the culture filtrate of P. griseofulvum (CFPG) and to find the inhibitory effects of identified 

allelochemicals on the seed germination of O. cumana and P. aegyptiaca. 

 

MATERIALS AND METHODS 
 

This study was done at the Institute of Soil and Water Conservation, Northwest A&F 

University, Yangling, Shaanxi Province, 712100, China (Longitude : 34° 27' N, Latitude 108° 

07' E, Mean height above sea level : 497 m, Maximum and minimum temp : 37°C and -13°C, 

respectively, Annual rainfall : 635 mm).  

Source of fungal and plant materials 

The fungus P. griseofulvum used in this study was provided by Prof. Quanhong Xue, 

Microbial Resources Laboratory, College of Natural Resources and Environment of our 

University. P. griseofulvum was isolated from the healthy strawberry (Fragaria ananassa 

Duchesne) soil in Shaanxi Province, China and it inhibits the growth of soil-borne 

phytopathogens (34). Seeds of Orobanche cumana were collected from an infected 

sunflower field, Dingbian County, Shaanxi Province, China in 2010. Seeds of Phelipemche 

aegyptiaca were collected from an infected tomato (Lycopersicon esculentum Mill.) field, 

Yanji County, Uyghur Autonomous Region in 2011. GR24, a synthetic parasitic weed 

germination stimulant, was obtained from Dr. Christopher McErlean, School of Chemistry, 

University of Sydney, New South Wales, Australia. 

Surface sterilization and preconditioning of O. cumana and P. aegyptiaca.  
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Seeds of O. cumana and P. aegyptiaca were surface sterilized by dipping in 1.0 % 

(w/v) NaClO solution for 3 min and then in 75% ethanol for 3 min (19). Seeds of O. cumana 

and P. aegyptiaca do not germinate unless conditioned under warm and moist conditions for 

few days. After thorough rinsing and air drying, 30 to 60 seeds were uniformly sown on each 

glass fibre filter disk (Whatman GF/A, 8 mm dia.), laid on two layers of moistened filter 

papers placed in Petri dishes (9 cm dia.). These Petri dishes were then sealed and incubated 

at 25°C in dark for conditioning for 4-days (34). 

Germination assay of O. cumana and P. aegyptiaca 

Twenty µL sample solution (culture filtrate of P. griseofulvum, solutions of P. 

griseofulvum, metabolites or methanol extracts from TLC prepared below), a 

pre-conditioned O. cumana or P. aegyptiaca seed disk and 20 μL GR24 (0.1 mg L
-1

) were 

sequentially added to glass fibre disk (8 mm), placed in Petri dish (9 cm dia.). Autoclaved 

distilled water (20 μL) or GR24 (20 μL, 0.1 mg L
-1

) were treated separately as the negative 

or positive controls to check the seeds viability. These Petri dishes were then sealed and 

incubated at 25°C in dark for 10 days (37). Thereafter, the germination number and total 

number of O. cumana and P. aegyptiaca seeds were counted by binocular dissecting 

microscope. The seed was considered germinated, when the germ tube protruded from the 

seed coat. Each treatment was replicated thrice in complete random block design. The 

germination rate and the germination inhibition rate were calculated as under:  

Germination rate (GR) = ( GN / TN ) × 100% 

GR: Germination rate of Orobanche spp. seeds; GN: Number of germinated 

Orobanche spp. seeds; TN: Total number of Orobanche spp. seeds 

Germination inhibition rate % (GIR) = [ ( GC - GT ) / GC ]× 100% 

GIR: Germination inhibition rate over the control; GC: Germination rate of 

Orobanche spp. seeds in the control; GT: Germination rate of Orobanche spp. 

seeds in the treatments 

Preparation of culture filtrates and extracts of P. griseofulvum 

For seed germination assay, the culture filtrate of P. griseofulvum (CFPG) was 

prepared as per Chen et al. (8) and four slants were prepared. P. griseofulvum was cultured 

in potato dextrose agar (PDA) medium slants for four days. Then, 3.0 mL autoclaved 

distilled water was added to each of four test tubes and the spores in the media slants were 

scraped off. The suspension of spores in each test tube was then transferred to separate 200 

mL conical flasks containing 50 mL autoclaved potato dextrose liquid medium. The conical 

flasks were incubated at 28°C for 7-days at 110 RPM and the suspensions in each conical 

flask were then vacuum filtered through 0.45 μm millipore filters. The filtered culture 

filtrate in each conical flask was adjusted with autoclaved distilled water to get an equivalent 

concentration based on the mycelia dry weight (3.5 mg mL
-1

). Then the adjusted culture 

filtrates were diluted to 0.35 mg mL
-1

, 0.035 mg mL
-1

, 0.0035 mg mL
-1

 and 0.00035 mg 

mL
-1

. Each strain was replicated four times. 
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For isolation and identification of P. griseofulvum metabolites, the CFPG was 

prepared as per Chen et al. (8) with modification. Five mL autoclaved distilled water was 

added to each test tube (18 cm × 18 mm) and the spores were scraped off from the media 

slants. The spores suspension was then transferred to separate 500 mL conical flasks 

containing 250 mL autoclaved potato dextrose liquid medium. The conical flasks were 

incubated at 28°C for 10-days at 110 RPM and the suspensions (7.5 L) were then vacuum 

filtered through 0.45 μm millipore filters. 

To determine the inhibitory activities of dry residue from P. griseofulvum (DRPG) 

culture filtrate on Orobanche and Phelipanche seed germination, CFPG were prepared by 

liquid culture as per Chen et al. (8) with modification. Ten slants were used and the final 

vacuum-filtrated CFPG was extracted thrice with ethyl acetate (the volume ratios of culture 

filtrate to ethyl acetate were 1:1, 2:1 and 2:1). Then, all the ethyl acetate phases were mixed 

together and the anhydrous sodium sulphate was used to remove the excess moisture. After 

that, the filtered solution was vacuum evaporated to dryness at 35°C. Finally the DRPG was 

weighed (0.3339 g), dissolved into 4.0 mL methanol and then stored at 4°C until the use. 

Inhibitory effects of CFPG on seed germination 

In germination assay, the CFPG prepared above were used to test their inhibitory 

effects on the seed germination of O. cumana and P. aegyptiaca. The whole experiment was 

repeated twice. 

Extraction, isolation and identification of P. griseofulvum metabolites 

After fermentation was finished, the filtered CFPG was extracted by petroleum ether 

(PE) and ethyl acetate to yield 3 g and 13 g extractions, respectively. The PE extraction was 

chromatographed on three silica gel columns successively. The first column was prepared 

with a bed volume of Φ 52 × 260 mm and eluted by 3.3 L CHCl3:MeOH 50:1, v/v). The 

main fraction was subject to the second column (Φ 42 × 160 mm), which was eluted by 1.2 L 

PE-acetone solvent (5:1, v/v). The main product was further chromatographed on the third 

silica gel column (Φ 21 × 120 mm) eluted by 0.6 L CHCl3:MeOH (100:1, v/v). Finally, the 

extract was purified by Sephadex LH-20 (LH-20, 40−70 μm, Amersham Pharmacia Biotech 

AB, Uppsala, Sweden, (Φ 21 × 1500 mm) eluted with 0.6 L methanol gave the final product 

(92 mg) which was numbered as chemical compound 1. 

The ethyl acetate extract (13 g) was separated into two fractions by silica gel column (Φ 52 × 

260 mm) and eluted by 4.0 L CHCl3:MeOH (50:1, v/v). The first fraction was further 

purified by silica gel column (Φ 21 × 120 mm) with 0.6 L chloroform:methanol (1:1, v/v) 

and then subjected to Sephadex LH-20 (LH-20, methanol) to give a compound (831 mg) 

which was numbered as chemical compound 2. The second fraction was recrystallized from 

methanol (21 mg) and numbered as chemical compound 3. The chemical structures of the 

compounds 1, 2 and 3 were elucidated using nuclear magnetic resonance spectroscopy 

(
1
H-NMR and

 13
C-NMR, 500 and 125 MHz NMR instruments, Bruker Daltonics Inc., 

Bremen, Germany) and mass spectroscopy. 
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Inhibitory activities of DRPG, patulin and griseofulvin on seed germination 

During the preparation of DRPG, the aqueous phase and ethyl acetate phase after 

each extraction by ethyl acetate and together with the undiluted CFPG were sampled. The 

inhibitory effects of these sampled solutions on the seed germination of O. cumana and P. 

aegyptiaca were tested based on the methods described above. The inhibitory effects of 

DRPG, the two main secondary metabolites identified in this study (patulin and griseofulvin) 

from P. griseofulvum were tested on the seed germination of O. cumana and P. aegyptiaca. 

Patulin used in this study was purchased from Toronto Research Chemicals, Toronto, 

Canada. It was dissolved in chromatograph grade methanol to make the final concentration 

of 1.0 mg mL
-1

. Griseofulvin used in this study was purchased from Dr. Ehrenstorfer GmbH, 

Augsburg, Germany. It was dissolved in N, N- dimethyl formamide to make the final 

concentration of 10.0 mg mL
-1

. Solutions (DRPG, patulin and griseofulvin) were diluted 

into 1.0 mg mL
-1

, 0.1 mg mL
-1 

and 0.01 mg mL
-1

 concentrations. The inhibitory effects of 

these concentrations were determined on the seed germination of O. cumana and P. 

aegyptiaca. This experiment was repeated twice. 

Thin Layer Chromatography (TLC) assay 

Solutions of DRPG (dissolved with methanol to 50.0 mg mL
-1

), patulin (1.0 mg mL
-1

) 

and griseofulvin (10.0 mg mL
-1

) were used in the TLC assay. Twenty μL DRPG solution (1.0 

mg), 20 μL patulin solution (0.02 mg) and 10 μL griseofulvin solution (0.1 mg) were applied 

to respective TLC silica gel plates (5.0 cm wide, 18.0 cm long, Qingdao Shenghai Chemical 

Company Ltd of China). Each solution had two TLC silica gel plates. These plates were 

developed with mixture of ethyl acetate: hexane (7:3, v/v, 50 mL) and then two independent 

experiments were done. 

Experiment 1: One plate of each solution was marked into 1.0 cm horizontal strips without 

exposure to Ultra Violet (UV) light. The coating on each strip (30 mg silica gel) was scraped 

and packed into a 1.5 mL centrifuge tube.  

Experiment 2: The other plate of each solution was exposed to UV light (254 nm) and each 

fluorescent band was marked. Then the Rf values of these fluorescent bands were measured 

and the coating of these fluorescent bands were scraped and packed into a 1.5 mL centrifuge 

tube, respectively. After adding 1 mL methanol, these tubes from experiment 1 and 2 were 

sonicated for 20 min and then centrifuged for 1 min at 6000 RPM. The supernatants from 

experiment 1 were diluted 10-folds with methanol and the supernatants from experiment 2 

were diluted two-folds with methanol, respectively. The inhibitory effects of these diluted 

and undiluted solutions were tested on the seed germination of O. cumana and P. aegyptiaca 

as described above. The TLC assay was repeated twice. 

High Performance Liquid Chromatography (HPLC) assay 

Solutions of DRPG, patulin and griseofulvin were analysed by HPLC (Shimadzu 

LC-6AD HPLC; system controller: CBM-20A; pump: LC − 6AD / 7A; and detector: 

SPD-20AV). Sample solutions were filtered through a membrane filter (0.45 μm) prior to 

injection into the sample loop. Twenty microliter of the DRPG (50.0 mg mL
-1

, 1 mg), patulin 

solution (1.0 mg mL
-1

, 0.02 mg) or griseofulvin (10.0 mg mL
-1

, 0.2 mg) were loaded on a C 
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18 reverse phase HPLC column (25 cm × 4.6 mm, 5 μm), respectively. The column was 

washed with 80% methanol in Mille-Q water at a 0.5 mL min
-1

 flow rate of the mobile phase. 

UV absorption of the column effluents was monitored at 245 nm. The weight percentage 

content of patulin in the DRPG solution was calculated by the formula 3. 

Formula 3: CD (%) = CS × ( AD / AP ) 

Where, CD (%): Weight percent of patulin in the DRPG solution; CS (%): Weight 

percent of patulin in patulin solution; AD: Corresponding peak area of patulin in peak 

spectrum DRPG; AP: The peak area of patulin solution in peak spectrum patulin. 
 

Statistical analysis 

A one-way ANOVA was assessed to examine the effects of various treatments on 

different variables by using the DPS v 9.50 software (DPS Soft Inc., Tang, Hangzhou, 

China). Treatment means were compared using the least significant difference (LSD) test 

with a Bonferroni correction at the P < 0.05 level. Line figures were drawn by the use of 

SigmaPlot 10.0 software. 

 

RESULTS AND DISSCUSSION 

In all seed germination assays, neither O. cumana nor P. aegyptiaca germinated 

when treated with autoclaved distilled water alone. 

Inhibitory effect of CFPG on the seed germination of O. cumana and P. aegyptiaca 

The germination rates of O. cumana and P. aegyptiaca treated by GR24 were 88.7% 

and 88.8% in this experiment, respectively. The CFPG at 3.5 mg mL
-1

 and 0.35 mg mL
-1

 

inhibited the seed germination of O. cumana by 100.0% and 98.9% than control, 

respectively. The inhibitory effects decreased when CFPG was diluted to 0.035 mg mL
-1

, 

0.0035 mg mL
-1

 or 0.00035 mg mL
-1

. In P. aegyptiaca, the CFPG at 3.5 mg mL
-1

 completely 

inhibited the germination (100.0% inhibition) than control (Figure 1). The microorganisms 

may be used to control the Orobanche spp. (1,4,6,7). Results showed that P. griseofulvum 

(CF3) inhibited the seed germination of O. cumana and P. Aegyptiaca (Figure 1). 

Chemical identification of metabolites from CFPG 

Three chemical compounds were isolated from the CFPG and two of them were 

identified as griseofulvin (compound 1) and patulin (compound 2). 

Chemical compound 1: White powder; C17H19ClO6; 
1
H-NMR (500 MHz, CDCl3) δ: 6.13 

(1 H, s, H-5), 5.52 (1 H, s, H-3), 4.02 (3 H, s, H-4 OMe), 3.97 (3 H, s, H-6 OMe), 3.60 (3 H, 

s, H-2 OMe), 3.01 (1H, dd, J = 16.7 Hz, 13.4 Hz, H-6), 2.83 (1 H, m, H-5), 2.41 (1 H, dd, 

J = 4.7 Hz, 16.7 Hz, H-5), 0.95 (3 H, d, J = 6.7 Hz, H-6 Me); 
13

C-NMR (125 MHz, CDCl3) 

δ: 197.1 (C-4), 192.5 (C-3), 170.8 (C-2), 169.6 (C-6), 164.7 (C-7a), 157.8 (C-4), 105.2 

(C-3a), 104.9 (C-3), 97.3 (C-7), 90.8 (C-1), 89.6 (C-5), 57.1 (C-4 OMe), 56.7 (C-2 OMe), 

56.5 (C-6 OMe), 40.1 (C-5), 36.5 (C-6), 14.3 (C-6 CH3); MS (ESI
+
) m/z 355.18 [M+H]

+
. 

These data match the reported data for griseofulvin (16) (Figure 2). 
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Figure 1. Inhibitory effects of O. cumana and P. aegyptiaca treated by CFPG. CFPG: culture filtrate of 
P. griseofulvum. Error bar is SD for six replicates (combined results of the two repeated experiments). 
For O. cumana or P. aegyptiaca, different lowercase letters indicate significant differences (P < 0.05) 
among treatments based on the LSD test with a Bonferroni correction. 

 

Figure 2. Chemical structure of compound 1 (griseofulvin) extracted from CFPG. 

 

Chemical compound 2: Yellow oily paste; C7H6O4; 
1
H-NMR (500 MHz, CDCl3) δ: 6.04 (1 

H, s, H-3), 6.01 (1 H, d, J = 0.9 Hz, H-4), 5.95 (1 H, m, H-6), 4.70 (1 H, ddd, J = 17.3, 3.0, 

0.7 Hz, H-5a), 4.41 (1 H, ddd, J = 17.3, 3.0, 0.7 Hz, H-5b); 
13

C-NMR (125 MHz, CDCl3) δ: 

169.2 (C-2), 150.3 (C-7), 146.3 (C-8), 111.1 (C-3), 108.1 (C-6), 88.9 (C-4), 59.6 (C-5); MS 

(ESI
+
) m/z 155 [M+H]

+
. These data match the reported data for patulin (33) (Figure 3). 
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Figure 3. Chemical structure of compound 2 (patulin) extracted from CFPG 

 

Chemical compound 3: Colorless crystal; C8H8O3; 1H-NMR (500 MHz, Acetone-d6) δ: 

7.31 (1 H, t, J = 7.9 Hz, H-4), 6.77 (2 H, m, H-3, H-5), 2.56 (3 H, s, H-7); 13C-NMR (125 

MHz, Acetone-d6) δ: 174.0 (C-8), 163.9 (C-2), 142.4 (C-6), 134.9 (C-4), 123.4 (C-5), 116.0 

(C-3), 113.3 (C-1), 23.8 (C-7); MS (ESI+) m/z 153 [M+H]+. These data match the reported 

data for 2-hydroxy-6-methylbenzoic acid (23) (Figure 4). 

 

Figure 4. Chemical structure of compound 3 extracted from CFPG 
 

SEED GERMINATION OF O. CUMANA AND P. AEGYPTIACA 

(i). Inhibitory effects of aqueous phases and ethyl acetate phases of P. griseofulvum  

The germination rate of O. cumana induced by GR24 was 90.7% in this experiment. 

After three times extraction, most active materials that could inhibit the seed germination of 

Orobanche spp. were transferred to ethyl acetate phase. The inhibition rate of O. cumana 

germination treated by the undiluted aqueous phase solutions were dropped from 100% (in 

first extraction) to 33% (in third extraction). The undiluted ethyl acetate phase solutions 

(after the first and second extraction) completely inhibited (100% inhibition) the seed 

germination of O. cumana. But after the third extraction, the inhibition dropped to 6.3%. In 

10-folds dilution, the aqueous phases after the first extraction reduced the seed germination 
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of O. cumana by 17.2% than control and there were no inhibitory effects after the second 

and third extraction. However, the 10-folds ethyl acetate phase solutions significantly 

reduced the seed germination of O. cumana after the first (94.9% inhibition) and second 

extraction (62.1% inhibition). For 100-folds dilutions, the aqueous phase solution reduced 

the seed germination of O. cumana only after the first extraction (by 9.1%) and the ethyl 

acetate phase solutions inhibited the seed germination of O. cumana both after the first (by 

10.6%) and second (by 9.9%) extraction. Besides, the undiluted and 10-folds diluted 

mixture solutions of ethyl acetate phase reduced the seed germination of O. cumana by 100% 

(P < 0.05) and 65.4% (P < 0.05), respectively than control (Figure 5). 

 

 
Figure 5. Inhibitory effects of aqueous phases and ethyl acetate phases of P. griseofulvum on the seed 
germination of O. cumana and P. aegyptiaca. MSEA: Mixture of the sampled ethyl acetate phases 
 

The germination rate of P. aegyptiaca induced by GR24 was 90.5% in this 

experiment. Before extraction, the undiluted CFPG completely inhibited the seed 

germination of P. aegyptiaca. The undiluted aqueous phase solutions after the first, second 

and third extraction reduced the seed germination of P. aegyptiaca by 89.3% (P < 0.05), 12.5% 

(P < 0.05) and 10.4% (P < 0.05), respectively, relative to control. However, there were no 

inhibitory effects of 10-folds or 100-folds dilutions. For ethyl acetate phases, the undiluted 

solutions after the first and second extraction completely inhibited the seed germination of P. 

aegyptiaca, yet the inhibitory effect disappeared after the third extraction. The 10-folds 

ethyl acetate solutions after the first and second extraction inhibited the seed germination of 

P. aegyptiaca by 28.6% and 24.7%, respectively. In addition, the undiluted mixture of ethyl 

acetate phases also completely inhibited the seed germination of P. aegyptiaca. After 
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diluting 100-folds, none of the ethyl acetate phase solutions affected the seed germination of 

P. aegyptiaca significantly (Figure 5). 

(ii). DRPG, patulin and griseofulvin solutions  

The germination rate of O. cumana treated by GR24 was 89.6%. The DRPG reduced 

the germination of O. cumana by 100.0% and 29.9% at 1.0 mg mL
-1

 and 0.1 mg mL
-1

 

concentrations, respectively. Patulin completely inhibited (100.0% inhibition) the seed 

germination of O. cumana at 1.0 mg mL
-1

 and 0.1 mg mL
-1

 concentrations
 
and 11.6% 

inhibition at 0.01 mg mL
-1

 concentration. However, griseofulvin at 1.0 mg mL
-1

 

concentration caused 12.7% inhibition on the seed germination of O. cumana. 

The germination rate of P. aegyptiaca treated by GR24 was 91.7%. DRPG and 

patulin solutions completely inhibited the seed germination of P. aegyptiaca at 1.0 mg mL
-1 

concentrations. Patulin at 0.1 mg mL
-1

 concentration inhibited the seed germination of P. 

aegyptiaca by 10.8% than control. However, griseofulvin solutions did not inhibit the seed 

germination of P. aegyptiaca at three tested concentrations (Figure 6).  

 

Figure 6. Inhibitory effects of the DRPG, patulin and griseofulvin solutions on the seed germination 
of O. cumana and P. aegyptiaca. DRPG: Dry residue of P. griseofulvum 
 

It was reported that metabolites (epi-Epoformin, sphaeropsidin A, cytochalasans, 

gallic acid and naringenin) produced by certain biocontrol microorganisms could inhibit the 

seed germination of Orobanche spp. (10,20). In this study, three metabolites were isolated 

from CFPG. Two main metabolites were identified as patulin and griseofulvin,  and the 

patulin proved very inhibitory to the seed germination of O. cumana and P. aegyptiaca.The 

DRPG and patulin solutions inhibited the seed germination of O. cumana and P. aegyptiaca, 

the inhibition magnitude of these solutions to O. cumana and P. aegyptiaca were different. 

Seeds of O. cumana treated by these solutions above were less likely to germinate than that 

of the P. aegyptiaca. Hence it was proposed that P. griseofulvum is more suitable to control 

the O. cumana than P. aegyptiaca. 

TLC ASSAY 

The DRPG solutions of number 9 and 10 samples at 30 mg mL
-1

 completely inhibited 

(100% inhibition) the seed germination of O. cumana and by 91.5% inhibition, respectively 
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than control (Table 1). These two solutions at 30 mg mL
-1 

also inhibited the seed 

germination of O. cumana by 35.5% and 33.3% than control. However, there was no  

 
Figure 7. Inhibitory effects of DRPG at TLC plates on the seed germination of O. cumana and P. 
aegyptiaca. Error bar is SD for eight replicates (combined results of the two repeated experiments). 
DRPG: dry residue of P. griseofulvum 

Table 1. Inhibitory effects of patulin and griseofulvin on the seed germination of O. cumana and P. 
aegyptiaca under TLC assay 

Strip 
number  

Patulin (1.0 mg mL-1) Griseofulvin (10.0 mg mL-1) 

O. cumana P. aegyptiaca O. cumana P. aegyptiaca 
GR a % PR b % GR% PR% GR% PR% GR% PR% 

Control 
(GR24) 

87.6 ± 3.5 a - 89.7 ± 4.4 a - 87.6 ± 3.5 a - 89.7 ± 4.4 ab - 

1 85.8 ± 6.0 a 4.3 91.0 ± 4.3 a -1.5 84.3 ± 4.7 a 3.7 92.1 ± 2.8 a -2.7 
2 84.9 ± 5.8 a 5.4 91.3 ± 2.2 a -1.8 85.0 ± 8.2 a 3.0 89.3 ± 4.9 ab 0.4 
3 86.6 ± 3.7 a 3.4 94.3 ± 3.6 a -5.1 86.4 ± 5.4 a 1.4 93.1 ± 2.6 a -3.8 
4 86.6 ± 5.8 a 3.4 91.6 ± 4.4 a -2.1 83.9 ± 6.4 a 4.3 91.3 ± 4.9 ab -1.8 
5 85.1 ± 4.2 a 5.1 89.6 ± 3.9 a 0.1 86.2 ± 4.0 a 1.6 90.9 ± 6.4 ab -1.3 
6 86.9 ± 4.9 a 3.2 93.5 ± 5.4 a -4.2 84.5 ± 5.4 a 3.6 89.7 ± 4.0 ab 0.0 
7 88.3 ± 8.3 a 1.5 93.0 ± 2.8 a -3.7 86.1 ± 5.7 a 1.7 84.2 ± 9.1 b 6.1 
8 88.2 ± 7.0 a 1.7 87.1 ± 7.8 a 2.9 88.0 ± 4.6 a -0.5 89.7 ± 4.6 ab 0.0 
9 87.0 ± 8.5 a 3.0 89.6 ± 5.6 a 0.1 84.5 ± 4.4 a 3.5 91.7 ± 3.9 a -2.2 
10 85.3 ± 3.3 a 4.9 93.5 ± 3.6 a -4.2 86.7 ± 6.9 a 1.0 92.5 ± 5.6 a -3.2 
11 87.7 ± 7.3 a 2.3 88.5 ± 5.8 a 1.3 86.1 ± 4.9 a 1.7 92.5 ± 3.5 a -3.1 
12 86.4 ± 3.8 a 3.7 91.3 ± 6.1 a -1.8 87.3 ± 6.7 a 0.4 93.0 ± 2.9 a -3.7 
13 86.3 ± 2.7 a 3.7 90.3 ± 4.0 a -0.6 90.9 ± 5.6 a -3.8 88.9 ± 4.7 ab 0.9 
14 83.8 ± 5.7 a 6.5 91.9 ± 4.5 a -2.5 87.8 ± 2.5 a -0.2 92.9 ± 4.2 a -3.6 
15 84.0 ± 4.9 a 6.4 92.0 ± 6.1 a -2.6 84.9 ± 4.7 a 3.1 92.6 ± 3.7 a -3.2 
16 82.9 ± 5.0 a 7.6 89.5 ± 3.8 a 0.2 85.7 ± 5.5 a 2.2 91.1 ± 3.9 ab -1.6 
17 87.3 ± 3.0 a 2.7 89.8 ± 4.7 a -0.1 88.8 ± 5.9 a -1.4 90.5 ± 4.8 ab -0.9 
18 84.8 ± 4.0 a 5.5 93.0 ± 4.6 a -3.7 85.0 ± 4.5 a 3.0 89.9 ± 4.9 ab -0.2 
a GR: Germination rate. b PR: Percent reduction over the control. Data are represented as mean ± SD 
(n = 8, combined results of two repeated experiments). Different lowercase letters in the same column 
indicate significant differences among treatments (P < 0.05) based on the least significant difference 
(LSD) test with a Bonferroni correction. 

 

inhibition at 3 mg mL
-1

 concentration. The other samples of DRPG at 30 mg mL
-1

 or 3 mg 

mL
-1 

did not affect the seed germination of O. cumana or P. aegyptiaca (Figure 7). Likewise 
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the samples of patulin and griseofulvin also did not affect the seed germination of O. 

cumana or P. aegyptiaca (Table 1). 

TLC assay indicated that the DRPG showed an active inhibition zone for the seed 

germination of O. cumana and P. aegyptiaca (Table 2). Among the four fluorescent bands of 

DRPG, only the fourth band inhibited the seed germination of O. cumana and P. aegyptiaca 

significantly. The undiluted solution of this band completely inhibited the seed germination 

of O. cumana and P. aegyptiaca . Its two-folds dilution also reduced the seed germination of 

O. cumana and P. aegyptiaca by 100.0% (P < 0.05) and 52.5% (P < 0.05), respectively, than 

control. Similarly, the undiluted fluorescent band solution of patulin inhibited the seed 

germination of O. cumana and P. aegyptiaca by 46.0% and 31.7% over the control and the 

two-folds diluted solution reduced the seed germination of O. cumana by 11.0% (P < 0.05). 

However, the fluorescent band solution of griseofulvin had negligible effects on the seed 

germination of O. cumana or P. aegyptiaca (Table 2). 

Table 2. Inhibitory effect of the fluorescent bands of DRPG, patulin and griseofulvin on the seed 
germination of Orobanche spp. under TLC assay 

Samples Bands 
Rf 

value 

O. cumana P. aegyptiaca 

Un-diluted 
Two-folds 

dilution 
Un-diluted Two-folds dilution 

GR 
a 
(%) 

IR 
b 

(%) 
GR (%) 

IR 

(%) 
GR (%) 

IR 

(%) 
GR(%) 

IR 

(%) 

Control (GR24) 87.3 ± 3.6 a - 87.3 ± 3.6 a - 90.9 ± 5.2 a - 90.9 ± 5.2 a - 

DRPG
 c
 

1 0.26 83.9 ± 5.3 a 3.9 86.0 ± 4.1 a 1.5 91.5 ± 2.2 a -0.6 89.9 ± 3.0 a 1.2 

2 0.32 84.0 ± 2.3 a 3.8 84.6 ± 5.9 a 3.1 91.6 ± 3.7 a -0.8 90.3 ± 3.0 a 0.6 

3 0.39 87.4 ± 7.5 a -0.1 84.3 ± 6.1 ab 3.5 89.0 ± 9.7 a 2.1 92.6 ± 4.0 a -1.9 

4 0.48 0.0 ± 0.0 c 100.0 0.0 ± 0.0 c 100.0 0.0 ± 0.0 c 100.0 43.2 ± 17.0 b 52.5 

Patulin 1 0.47 47.2 ± 4.5 b 46.0 77.7 ± 5.2 b 11.0 62.1 ± 5.0 b 31.7 87.0 ± 4.5 a 4.3 

Griseofulvin 1 0.34 82.0 ± 5.1 a 6.1 85.6 ± 6.2 a 2.0 88.6 ± 3.0 a 2.5 89.0 ± 6.6 a 2.0 

a GR: Germination rate. b IR: Inhibition rate of germination relative to control. c DRPG: Dry residue of P. 
griseofulvum. Data are represented as mean ± SD (n = 8, combined results of the two repeated 
experiments). Different lowercase letters in the same column indicate significant differences among 
treatments (P < 0.05) based on the LSD test with a Bonferroni correction 
 

When the DRPG was exposed to UV light (254 nm), four fluorescent bands were 

shown. The fourth fluorescent band of DRPG contained the number 9 and 10 samples in 

Figure 7. The Rf value of this band was 0.48, the most closer to patulin fluorescent band (Rf 

= 0.47). The Rf value of griseofulvin fluorescent band was 0.34 which was closer to the 

second fluorescent band of DRPG (Rf = 0.32) (Table 2). In addition, the colour of patulin 

fluorescent band under 254 nm UV light was black which was similar to fourth fluorescent 

band of DRPG and the colour of griseofulvin fluorescent band under 365 nm UV light was 

blue which was same like the second fluorescent band of DRPG.  

The TLC assay showed that only the samples 9 and 10 (fourth fluorescent band) of 
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the DRPG inhibited the seed germination of O. cumana and P. aegyptiaca. Furthermore, the 

colour and Rf values of the fluorescent band of patulin were similar to the fourth fluorescent 

band of the DRPG. Hence, it was concluded that patulin was the main metabolite 

contributing to the allelopathic inhibitory effect of P. griseofulvum on the seed germination 

of O. cumana and P. aegyptiaca. Although the inhibitory effects of the third metabolite 

(2-hydroxy-6-methylbenzoic acid) of P. griseofulvum were not tested on the seed 

germination of O. cumana or P. aegyptiacawe, but it was speculated that this third 

metabolite had no or negligible effect on the seed germination of these test species. 

HPLC ASSAY 

Four peaks were observed in the HPLC profile of DRPG. One main peak was 

observed in the HPLC profile of patulin and the retention time was 3.387 min, which was 

very close to the first peak of the DRPG (3.364 min). Two main peaks were exhibited in the 

HPLC profile of griseofulvin solution, the first peak was N, N- dimethyl formamide (the 

solvent used to dissolve griseofulvin) in preliminary experiment, thus the second peak was 

considered as griseofulvin. The retention time of the second peak of the griseofulvin 

solution was 4.593 min which was close to that of the third peak of the DRPG (4.252 min) 

(Figure 8). By weight the patulin (%) in DRPG was 33.46% based on the HPLC profiles of 

patulin and DRPG. The DRPG solutions reduced the seed germination of O. cumana by 

100.0% and 29.9% at 1 mg mL
-1 

and 0.1 mg mL
-1

(equal to patulin at 0.335 mg mL
-1

 and 

0.034 mg mL
-1

), respectively. In addition, the patulin solutions at 1.0 mg mL
-1

, 0.1 mg 

mL
-1

and 0.01 mg mL
-1

inhibited the seed germination of O. cumana by 100.0%, 100.0% and 

11.6%, respectively. It was concluded that the inhibitory effects of patulin on the seed 

germination of O. cumana depended on the change of patulin concentration, not only in 

patulin solutions but also in the DRPG solutions. Thus, patulin mainly contributed to the 

allelopathic inhibitory effects of P. griseofulvum on the seed germination of O. cumana and 

P. aegyptiaca. 

 

 

Figure 8. HPLC profile of DRPG, patulin and griseofulvin. DRPG: dry residue of P. griseofulvum 

 

Patulin is usually found in fruit products or rotten fruits and known as mycotoxin 

(22,32). In-vitro, it also inhibits the growth of some plant pathogenic fungi [Saccharomyces 
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cerevisiae (35), Rhizoctonia solani (28), Botrytis cinerea and Pythium ultimum (39)]. The 

fungus P. griseofulvum was isolated from the rhizosphere soil of healthy strawberry plant, it 

inhibited the growth of soil-borne pathogens and also promotes the plant growth (34). P. 

griseofulvum may be applied to the soil to control the Orobanche spp. Until now, there is no 

evidence that patulin transfer from the soil, through the plants to humans or animals can be 

harmful to the human health. Besides the griseofulvin, another metabolite of P. griseofulvum 

is common antibiotic for plant pathogens (2,27,29), hence, the release of griseofulvin to the 

soil might be good for the crops health. All above indicate the feasibility of using P. 

griseofulvum to control the Orobanche and Phelipanche spp. 

Bio-pesticide had drawn more attention recently as it is harmless to environment and 

human health. In addition to direct application of P. griseofulvum into the soil, the active 

metabolite of P. griseofulvum, patulin, could also be produced industrially and applied to the 

soil as chemical herbicide to control Orobanche spp. However, the patulin stability in soil, 

its harmfulness to crops and the application dose still need further researches. 
 

CONCLUSIONS 

Patulin and griseofulvin were isolated and identified as the main metabolites from 

CFPG (culture filtrate of P. griseofulvum). These two metabolites inhibited the seed 

germination of O. cumana and P. aegyptiaca. Both patulin and the DRPG solutions at 1.0 

mg mL
-1

 completely inhibited the seed germination of O. cumana and P. aegyptiaca. In TLC 

assay, only the fourth band of DRPG significantly inhibited the seed germination of O. 

cumana and P. aegyptiaca. The colour and Rf value of patulin were similar to the fourth band 

of DRPG in the TLC assay. The shape and retention time of patulin peak in the HPLC assay 

was similar to the main peak of the DRPG. Therefore, patulin is the main allelochemical 

from P. griseofulvum which is responsible for the inhibitory effects on the seed germination 

of O. cumana and P. aegyptiaca. 
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