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Introduction
Tomato (Solanum lycopersicum Mill) is one of the most important 

vegetables produced globally. Fresh tomato production is highest 
among all vegetable crops in the U.S and the U.S. is a main producer 
of tomato in the world [1]. However, postharvest diseases of fruit and 
vegetables cause major losses in food production. Approximately 23-
25% and 31-38% of harvested fruit are lost to postharvest spoilage 
in the USA and the world respectively [2]. Gray mold, caused by 
Botrytis cinerea, is considered one of the most destructive postharvest 
diseases of tomato in both field and greenhouse production where the 
temperature and humidity are conducive to fungal development [3]. 
Infection of tomatoes by B. cinerea causes major economic losses at 
the pre- and post-harvest stages [4]. Currently, synthetic fungicides are 
commonly used to control postharvest infections of B. cinerea [5].

Increasing international concerns for public health, excessive use 
of pesticides and development of fungal strains resistant to fungicides 
have resulted in the introduction of regulations and policies to limit 
use of synthetic pesticides over the past decades [6,7]. Alternative 
economically feasible approaches are needed to reduce postharvest gray 
mold of tomato fruit. Toward this end, antimicrobial characteristics of 
various plant extracts have been described for use in plant protection 
[8]. Many applications of substances, such as chitosan, extracts of 
Azadirachta indica seed, essential oils, medicinal plants, and mineral 
nutrients such as selenium, and borate have been investigated for 
control of postharvest fruit spoilage of fruit and several have been 
successfully applied [9-12].

Several plants in the family Solanaceae have antimicrobial and 
antifungal properties [13-15]. Pepper plants (Capsicum sp.) also have 
a wide range of uses, including pharmaceutical, natural pigment 
agents, cosmetics, and as ornamentals [16]. Phytochemical analysis of 
Capsicum species demonstrated that the presence of tannins, alkaloids, 
steroids, glycosides, flavonoids, phenols and terpenoid, provided a 
wide range of antimicrobial activities [17,18].

Waltheria indica is a woody plant belonging to the family 
Malvaceae. Waltheria is widespread in tropical and subtropical regions 
including Hawaii [19], South America [20], and South Africa [21]. Its 
antibacterial and antifungal activity has been documented in several 
studies [22,23]. The phytochemical investigation from the crude extract 
of W. indica indicated the presence of several chemical compounds 
such as alkaloids, flavonoids, tannins, sterols, terpenes, and saponins 
[24]. Scant information is available regarding the antimicrobial activity 
of pepper and Waltheria extracts on postharvest fungi or their modes 
of action.

In the present study, leaf extracts of Capsicum chinense (Datil), 
C. annuum (Carnival), C. frutescens (Hawaiian chili pepper), and
Waltheria indica (sleepy morning) were tested as potential natural
antifungal agents using spore germination of B.cinerea as a measure.
The role of intercellular reactive oxygen species (ROS) and the integrity 
of the plasma membranes in relationship to germination of B. cinerea
spores were also examined.

Material and Methods
Fungal isolates

Fungi were isolated from diseased tomato fruit collected from 37 
markets located throughout the island of Oahu, Hawaii. Small sections 
(1 mm2) were excised from a range of lesions, incubated on water agar. 
Single hyphal tips were transferred to V-8 agar in 9 cm petri dishes 
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on both strands using two flanking primers (ITS3- ITS4) (ASGPB 
Lab). The sequences of ITS 3 and 4 regions of the tested isolates were 
edited in order to generate a consensus sequence from forward and 
reverse sequences in the amplicon using sequence assembly software 
(DNA BASER). A consensus sequence was analyzed by NCBI BLAST 
database seeking fungal identities.

Plant extraction and multi-well plates

Leaf extracts were made from C. chinense, C. annuum, and 
C. frutescens obtained from Waimanalo Research Station and W. 
indica obtained from H1/University Ave (Native Hawaiian Plant 
Demonstration Site). Plant materials were extracted by following 
method described by [28] with some modification. Fresh plant 
material was collected in resealable plastic bags and placed in a freezer 
for a minimum of 12 h at -20°C. As plant material was tested, it was 
withdrawn from the freezer and allowed to thaw for a minimum of 
20 min. Freezing and thawing fractured the plant cells. The plastic bag 
was tilted so that the fluid collected in one corner, and extracted plant 
fluids collected in plastic weight boats. The extract was filter-sterilized 
by passing through a 0.22 µm Millipore filter. Filtered 10, 20, 30, 40% 
extract solutions were prepared by adding 1, 2, 3, and 4 ml of sterile 
extract with 9, 8, 7,and 6 ml respectively of a B.cinerea spore suspension 
(1×105 conidia/ml) in sterile malt extract broth. 

Fifty µl of the plant extract and spore suspension mixture was 
pipetted into each well of a row of a 96 multi-well plate. A nontreated 
spore suspension was added to one row of each plate for comparison, 
and a blank row was included as an instrument check. Each well was 
sealed with a sheet of parafilm to prevent cross-contamination by 
volatiles. After 6, 12, 24 h incubation at 25°C, the density of fungal 
growth in the wells was measured with an Epoch microplates reader 
(BioTek Instrument, Inc.). Absorbency/optical density was measured 
for each well using a 492-mm filter. Background readings from the 
average of the nontreated samples were subtracted by the Gene5 
software program to provide net fungal growth in tested samples.

Reactive oxygen species (ROS) 

A method using fluorescent probe 2,7-dichlorodihydrofluorescein 
diacetate(DCFH-DA)was used with slight modifications to assess the 
intercellular level of ROS in B. cinerea [12]. Spores of B. cinerea were 
cultured in malt extract broth supplanted with 40% C. chinense or 
C.annuum leaf extract and incubated for 2, 4, and 6 h at 23˚C. The 
spores of 1x105 per ml were collected and washed with 10 mM potassium 
phosphate buffer (pH 7.0) and incubated for 1 h in the same buffer 
containing 10 µM DCFH-DA (dissolved in dimethyl sulfoxide).After 
washing twice with potassium phosphate buffer, spores were examined 
under a Zeiss microscope (Axioscop.A1, USA) using a fluorescein 2, 
7- dichlorodihydro-specific filter. At least 100 spores were examined 
for each treatment with three replicates.

Membrane integrity 

A propidium iodide (PI) staining method was used to detect the 
membrane integrity of B. cinerea conidia [29]. Spores of B. cinerea were 
cultured in malt extract broth medium supplemented with 40% of C. 
chinense C.annuum leaf extract and incubated 2, 4, and 6 h at 23°C. 
The spores of 1×105 per ml were collected and stained with 10 µg/ml 
PI for 5 min at 30°C. The spores were centrifuged and washed twice 
with 10 mM potassium phosphate buffer (pH 7.0) to remove residual 
dye. The spores were observed under a Zeiss microscope (Axioscop.A1, 
USA) and red stained conidia were recorded. At least 100 spores were 
examined for each treatment with three replicates.

and incubated for 10 to 14 d at 20°C with a 12-h photoperiod [25]. 
The isolates were stored at 2°C in sterile soil for further study. Fresh 
cultures were established as needed by plating 0.2 g soil on V-8 petri 
plates. Ten isolates of B. cinerea were selected for further study.

Pathogenicity tests

Tests were conducted to determine the most virulent isolates of B. 
cinerea on tomato fruit (common market, cherry and grape tomatoes), 
detached leaves and whole plants. Fruit were inoculated with mycelium 
of 10-day-old-cultures of the selected isolates of B.cinerea using 0.2-10 
µl pipette tips. On the detached leaves, 6-mm fungal plugs were placed 
on 4-week-old surface sterilized tomato leaves placed in 9-cm-d petri 
dishes including wet filter paper. The petri plates were held for 72 h at 
23°C in the dark. On tomato plants, spore suspensions of 1×105 spores/
ml from 10-day-old cultures of each isolate of B. cinerea were prepared 
using a hemocytometer. Fungal spore suspensions were sprayed on 
4 week-old tomato plants (Favorite, F1) growing in 10-cm-d plastic 
pots. The plants were placed in plastic bags, sealed, and held for 24 h at 
room temperature. Plastic bags were removed and plants returned to 
the greenhouse for 14 days. For disease assessment of tomato fruit and 
detached leaves, the lesion diameter of inoculated fruit and leaves were 
measured after 72 h at 23°C. On tomato plants, the disease severity was 
scored on diseased plant utilizing a 0-5 scale. 

The experiments were set up as Complete Randomized Design 
(CRD) with four replications. Data were analyzed using (SAS 9.2 
V.USA) and means were compared by Duncan’s multiple range tests. 
Differences at p<0.05 were considered significant. All experiments 
were repeated three times.

DNA extraction

Fungal DNA was extracted from freshly collected mycelium of 
10-day-old cultures using the Microbial DNA Isolation Kit (MO 
BIO, Laboratories, Inc.) according to manufactures’ instructions. The 
concentration of extracted DNA was measured with a Nano Drop 1000 
spectrophotometer (Thermo scientific, V 3.7., USA) and equilibrated 
using distilled water. Extracted DNA was stored at 4°C until used.

PCR amplification 

The ITS region of the fungal isolates was amplified with the primer 
pair ITS3 (5-GCA TCG ATG AAG AAC GCA GC-3) and ITS4 (5-
TCC TCC GCT TAT TGA TAT GC-3) [26]. PCR was performed with 
a REDTaq DNA polymerase (Sigma, St. Louis, MO). A 20 µl reaction 
mix contained 1 µl of ITS3 primer, 1 µl ITS4 primer, 10 µl REDTaq, 
4 µl ddH2O, and 4 µl of template. PCR was carried out using a Real-
time PCR detection system (BIO-RAD) with initial denaturation for 
3 min at 95°C, followed by 36 cycles of denaturation for 30 s at 94°C, 
primer annealing for 30 s at 55°C, and extension for 1 min at 72°C. 
A final extension for 5 min at 72°C was performed [27]. Each PCR 
reaction was run with a negative control (no DNA). The PCR products 
were electrophoresed on 1.5% agarose gels, stained with 0.4 µg/ml 
ethidium bromide, and bands visualized with a UV illuminator. DNA 
concentration estimates were calculated by comparing the fluorescent 
intensities of the product with DNA standards on a 2-log ladder (New 
England Biolabs, Inc.).

Sequence analysis

PCR product was cleaned using ExoSAP-1T (Affymetrix, Inc., 
USA). A mix of 5 µl of post-PCR reaction and 2 µl ExoSAP-IT reagents 
were combined. The mix was incubated at 37°C for 15 min following by 
incubation at 80°C for 15 min. Each purified template was sequenced 
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Statistical analysis

All statistical analyses were performed using SAS software version 
9.2 (SAS Institute Inc., Cary, NC, USA). Data were subjected to one- 
way analysis of variance (ANOVA). Where appropriate, means were 
compared suing Duncan’s Multiple Range Test. Differences at P<0.05 
were considered significant.

Results
Ten Botrytis isolates were made from 33 pathogenic-fungal genera 

recovered from infected tomato in a previous survey. Based on the 
morphological characteristics of isolates, microscopic observations of 
their conidiophores and conidia, all were identified as Botrytis spp.

Molecular identification 

A PCR product with expected size 370 bp was amplified successfully 
for all fungal isolates (Figure 1). A NCBI BLAST web (http://blast.
ncbi.nlm.nih.gov/Blast.cgi) for the ITS3-ITS4 region to determine 
fungal identity and found that sequence maximum identity of >98% 
with other B. cinerea entries. In addition, the BLAST results of Botrytis 
isolates B03 and B09 matched ≥99% to B. cinerea base pairs.

Pathogenicity tests

The ten isolates of Botrytis spp. were highly variable with respect to 
disease on tomato fruit, detached leaves, and whole plant. The lesion 
diameter ranged from 70, 32, and 25 to 16, 10, 10 mm2 on common 
market, cherry, and grape tomato, respectively; lesion size ranged from 
28 to 14 mm on detached leaves; and the severity scale ranged from 1 
to 5 on whole plants, showing wide pathogenic variability. On tomato 
fruit, grey mold development differed on common market, cherry and 
grape tomatoes (Table 1). All isolates were pathogenic on the original 
host from which they were isolated. The largest lesion diameters on 
inoculated fruit were caused by B. cinerea B03, and were significantly 
in comparison to other isolates and the control (Table 1 and Figure 2). 
Necrotic lesions developed on detached leaves after 3 d for all isolates. 
Lesion diameters differed among Botrytis isolates with lesion size of 
B03 and B09 greater (p<0.05) compared with other isolates (Figure 
3). On whole tomato plants, isolate B03 was the most virulent among 
all the isolates 14 days after inoculation (Figure 4). B08 and B09 were 
less virulent on tomato plants. Other isolates varied in their disease 
severity. Since B. cinerea isolate B03 was the most virulent isolate; it 
was used for further study

Inhibitory effect of plant extracts on spore germination 

Plant extracts showing the greatest antifungal activity were 
those from C. chinense and C. annuum. Spores treated with these 
extracts at 30 and 40% concentrations showed significant differences 
compared to spores treated with broth (control) for all measurement 
of absorbance. Treated spores with these extracts registered under 
0.1 absorbance in fungal growth after 6, 12, and 24 h. No significant 
differences were observed with the control were observed (Figure 5). 
An interaction between main treatments and all concentrations was 
not detected, indicating that the extracts effectively reduced Botrytis 
spore germination in all concentrations. The 40% C. chinense and C. 
annum extracts completely inhibited spore germination and fungal 
growth of B. cinerea after 24 h compared with the control (Figure 5). 
The extracts of W. indica and C. frutescens had intermediate antifungal 
activity against spore germination of B. cinerea at the 30 and 40% 
concentrations. The absorbance was less than 0.1 after 6 and 12 h 
but increased to more than 0.3 with 24 h of incubation (Figure 5). 
No effects were observed on spore germination with any of the plant 
extracts at the 10 or 20% concentrations (Figure 5). All plant extracts 
showed OD greater than 0.3 at concentrations of 10 and 20% after 24 
h (Figure 5). Mycelia growth did not occur when spores were treated 
with extract concentrations of 40% in C. chinense or C. annuum 
after 24 h. However, growth was less in spores treated with the same 
concentration of W. indica and C. frutescens extracts compared with 
the positive and negative control (Figure 5).  

Reactive oxygen species

Reactive oxygen species generation was recorded when B. cinerea 
was exposed to 40% extracts of C. chinense cv. Datil and C. annuum 
cv. Carnival for 0, 2, 4, and 6 h at 23°C (Figure 6). With an increased 
incubation period, the number of stained spores increased. The highest 
percentage of stained spores 92% and 66% for C. chinense and C. 
annuum extracts respectively. ROS of spores treated with the 40% 
extracts were greater compared with control treatment where 6% ROS 
was observed (Figure 6). A majority of spores in the control treatment 
were not stained by DCFH-DA, implying poor ROS production at 
this time, indicating that an increasing amount of oxidizing molecules 
was produced in spores exposed to the extracts of C. chinense and C. 
annuum.

Plasma membrane integrity 

With an increased incubation period, damage to cell membranes 
increased (Figure 7). The highest percentage of damaged plasma 

M 1 2 3 4  5 6 7 8  9 10 11 12  13 14 15 16  17 M M 18 19 20  21 22  23 24 25 26 27  28 29  30 31 32 33  M

Figure 1: An amplified PCR products following gel electrophoresis using DNA from isolated fungi.  M = Marker (0.1-10.0 kb); 1-3 = Botrytis sp.; 4 = Rhizopus sp.; 5-6 
= Botrytis cinerea; 7 = Botrytis sp.; 8 = Mucor sp.; 9-10 = Fusarium sp.; 11 = Penicillium. 12 = Stemphylium sp.; 13=Colletotrichium sp.; 14-15: = Geotrichium sp.; 16 = 
Phoma sp.; 17 = NC (No DNA); 18-20 = Botrytis sp.; 21 = Alternaria sp.; 22 =Botrytis sp.; 23 = Fusarium sp.; 24-29=Geotrichium sp. 30 = Phoma sp.; 31-32 = Mucor 
sp., 33 = NC (No DNA).

http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://blast.ncbi.nlm.nih.gov/Blast.cgi
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Many natural fungicides occur in plants and can serve as safe 
alternatives to synthetic fungicides. Some compounds could be applied 
directly after formulated or serve as a pattern for artificial compounds. 
Pesticides resistance developed is a major problem in efficiency using 
of fungicide against Botrytis cinerea, such as Fenhexamid [37,38].

Most of plant species utilized in this experiment are edible and 
traditionally use in cured recipes [24,39]. Among them, Capsicum 
chinense (Datil) and C. annuum (Carnival) extract showed high 
antifungal activity followed by C. frutescens and Waltheria indica. 
Capsicum species extract were demonstrated to have a great 
antifungal activity against Botrytis cinerea [28]. The antifungal activity 
of Capsicum extract could be attributed by capsaicin, phenolic 
compounds, flavonoids, steroids, alkaloids, and tanins [17,40]. 
Although these extracts have been recognized possess of antifungal 
compound, they have not been developed into commercial product for 
postharvest treatments because industries utilize synthetic products 
as easier method. C. chinense and C.annuum extracts inhibited 
spore germination of B.cinerea. Capsicum extracts have potential 
as propitious antifungal agents as well as alternatives to synthetic 
fungicides for postharvest fungal infections. Capsicum extracts could 
be used as pre- and/or postharvest applications for protection of 
tomato fruit from gray mold disease. 

Colony diameter (mm) following inoculation onto fruit of 
three tomato varieties

Isolate ID Common market Cherry Grape tomato
B01 68.00a 27.00b 20.00b

B02 30.00c 22.00c 10.00c

B03 70.00a 32.00a 25.00a

B04 30.00c 12.00de 12.00c

B05 30.00c 16.00d 10.00c

B06 16.00d 14.00de 13.00c

B07 59.00b 22.00c 18.00b

B08 60.00b 22.00c 20.00b

B09 61.00b 25.00bc 20.00b

B10 59.00 10.00e 10.00c

Control 1.00e 1.00f 1.00d

Mean values followed by different letters within a column are significantly different 
according to Duncan’s multiple Range Tests (p ≤ 0.05).

Table 1: Pathogenicity of ten Botrytis isolates on common market, cherry and 
grape tomato after 72 h incubation at 23ºC.

Common market

Cherry

Grape

Inoculated B03 Control

Figure 2: Lesions on tomato fruit inoculated with Botrytis cinerea B03.
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Figure 3:  (A)  Lesion  diameter  of  ten  Botrytis  isolates  72h  after  inoculation  of 
detached tomato. Vertical bars indicate standard error (±SE). Bars with the same 
letters  are  not  significantly  different  according  to  the  Duncan’s  multiple  range 
test (p ≤ 0.05). (B) Leaf lesions caused by Botrytis cinerea (B03) 72 h after plug 
inoculation.

membrane of stained spores was 89 and 51% for C. chinense and C. 
annuum extracts respectively following 6 h incubation. The control 
treatment had only 30% damage (p<0.05) (Figure 7). No difference was 
observed among treatments and control after 0 and 2 h incubation, 
indicating that an increasing of exposed period of spores to the extracts 
was needed to affect cell membrane integrity (Figure 7).

Discussion
The highly variable severity of symptoms caused by Botrytis 

isolates on tomato fruit, detached leaves, and whole plant suggest the 
existence of wide pathogenic variability among the isolates Pathogenic 
behavior of isolates is frequently as a result of deviation in cell wall 
degrades enzyme (CWDEs) activities and existence of oxalic acid and 
secretion pathogenicity factors [30,31]. High concentration of oxalic 
acid is associated with high level of pathogen virulence [32,33]. Some 
studies demonstrated that variation of Botrytis isolates in secreted 
polygalacturonases and pectin lyases contributed to the pathogenicity 
range of pathogens [34]. Other studies showed pathogenic behavior 
of isolates is associated with dispersal of a transposable element that 
contributes to pathogenicity and disease severity [35,36].
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Figure 4: (A) Disease severity rating of Botrytis isolates following spray inoculation 
onto leaves of tomato (variety Favorite) (B) Symptoms caused by Botrytis cinerea 
(B03) two weeks after inoculation; Disease severity rating: (0) no lesions (healthy); 
(1) small number of lesions (almost healthy);  (2) small number of lesions without 
died leaves; (3) small number of lesions with 1-5 dead leaves; (4) large number of 
lesions with 6-10 dead leaves; (5) large number of lesions with 11-20 dead leaves.
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Figure 5: Effect of plant extracts on spore germination of Botrytis cinerea measured by absorbance of spore suspensions  (492 mm) at 6, 12, 24 h. (A) 10% (B) 20% (C) 
30% (D) 40% (E) Micrographs of  spores treated with 40% extracts after 24h of (1) Capsicum chinense (Datil); (2) C.annuum (Carnival); (3) C. frutescens (Hawaii Chile 
pepper); (4) Waltheria indica; (5); malt extract broth (control). Vertical bars indicate standard error (±SE).
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Figure 6: Effect of Capsicum chinense cv. Datil (A) and C.annuum cv. Carnival (B) extracts at 40% on production of reactive oxygen species in spores of Botrytis 
cinerea.  (C) and (D)  the percentage of spores stained with DCFH-DA. Spores  incubated for 0, 2, 4, and 6h. Vertical bars  indicate standard error (±SE). Columns 
followed by different letter are significantly different according to the Duncan’s multiple range test (p<0.05).
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The mechanism of action associated with extracts of Capsicum 
seems to be related to production of ROS. Cellular dysfunction or cell 
death is a consequence of oxidative damage to cellular components 
caused by ROS [12,29,41]. ROS was induced by the Capsicum extract 
and inhibited spore germination of B.cinerea. PI staining implied that 
the accumulation of ROS in spore cells led cell membrane damage or 
reduced the intact membrane. Moreover, acknowledging of the mode 
of action of Capsicum extracts on their effects on B.cinerea would be 
useful for management of pre and postharvest application against gray 
mold. Consequently, further studies are needed on Capsicum extracts 
not only fungal pathogenic fungi but also on pathogenic bacteria that 
can also cause postharvest diseases on fruit and vegetables such as 
Pectobacterium sp.

Conclusion
Botrytis isolates differed in their virulence that was shown during 

the pathogenicity test. Also, we conclude that C. chinense cv. Datil and 
C. annuum cv. Carnival extracts at concentrations of 40% inhibited 
spore germination of B.cinerea. In addition, Capsicum extracts 
induce ROS generation in fungal spores, leading to oxidation and cell 
membrane damage. The oxidative damage could be the mechanism of 
Capsicum extracts against B.cinerea. These two natural products could 
be alternative to synthetic fungicide to control postharvest gray mold 
disease in tomato.
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