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ABSTRACT

Cercospora leaf spot disease caused by Cooke is

one of the most important diseases of bitter gourd. Effective fungicide

against the causal pathogen has not been reported. This study was

conducted at the Plant Pathology Laboratory of the Crop Protection

Cluster, College of Agriculture, University of the Philippines Los Baños,

College, Laguna to (a) determine the sensitivity of Cooke to

different fungicides, and (b) determine the most effective fungicide against

. Four fungicides, namely, benomyl (0.63 g a.i. L ),

chlorothalonil (1.41 g a.i. L ), copper oxychloride (0.63 g a.i. L ) and

mancozeb (3 g a.i. L ) were tested against the pathogen. Under laboratory

condition, all conidia of did not germinate when treated with

the test fungicides. Under screenhouse condition, the fungicides also

effectively suppressed the development of the disease owing to low

number and non-increasing of lesions in the leaves of bitter gourd. All test

fungicides were very effective against leaf spot disease causing pathogen

of bitter gourd.
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INTRODUCTION

Bitter gourd ( L.), locally known as ampalaya in

the Philippines, is an annual climbing herbaceous vine that belongs to the

Cucurbitaceae Family. It has tender and simple tendrils that can reach more

than 3 m from the ground; hence, require vertical and overhead trellis for

support. It is extensively cultivated for its edible fruits and young shoots

which are sold in markets almost in all seasons throughout the Philippines.

Bitter gourd is rich in calcium, iron, vitamin B and carbohydrates (Zamora,

1993). It is also considered a good source of medicine for curing diabetes

(PhilRice, 2007). Whole young bitter gourd plants are now being powdered

and processed into capsules and sold as an antidiabetic drug. In diversified

farming such as the Palayamanan System®, bitter gourd is one of the most

recommended vegetables not only due to its nutritious content but also for

its market demand (PhilRice, 2007). The total production of bitter gourd

throughout the country in 2007 was 83,144 metric tons (BAS, 2008).

Currently, production and demand for bitter gourd are still increasing.

However, its maximum production is sometimes not always met due to

occurrence of diseases.

Cercospora leaf spot caused by C Cooke is one of the

most important diseases in most bitter gourd production in the Philippines

(Tangonan 1999; Begum et al. 2012). The pathogen also infects other

related cucurbits such as watermelon, muskmelon, cucumber, squash,

pumpkin, gourd, and chayote (Tangonan 1999; Begum et al. 2012). In bitter

gourd, symptomatology of the disease starts as small, circular, whitish or

dark brown leaf spots but when favorable conditions occur, these spots

enlarge and coalesce forming irregular lesions with whitish center and

dark brown margins (Chupp 1953). In the advanced stage, the

fructifications of the fungus (conidia and condiophores) develop at the

center of the spots. Heavy infection of the disease may cause significant

defoliation and death of entire vines (EWSC, 2009).

Fungicides are chemicals used to control fungal diseases in plants and

often classified either protectant or systemic. Though they are not the only

way to protect plants from pathogens causing diseases, they are best

recognized by the general public due to convenience in terms of usage and

reliability on the effects of control (Maloy 1993). The use of fungicides

against Cercospora leaf spot of bitter gourd, on the other hand, has not

been reported except for benomyl: a systemic fungicide (Anonymous,

2009). There are many available fungicides in the market but none of these

had been formally evaluated against Cercospora leaf spot disease of bitter

Momordica charantia

ercospora citrullina

76
Donayre and Minguez



gourd. Hence, this study aimed to determine the sensitivity of

to different fungicides, and (b) determine the most effective fungicide

against .

One hundred fifty healthy seeds of bitter gourd (var. Galaxy of East-

West Seed Co.) were sown in seed boxes (0.5 m x 0.5 m) containing

sterilized soil at a depth of 2 cm. Newly sown seeds were sprinkled with

water to further enhance emergence. After two weeks, each growing

seedling was transplanted to 4-in diameter clay pot previously filled with

sterilized soil and allowed to grow under screenhouse conditions.

Recommended rates of fertilizer and amount of water were provided when

necessity arouse.

To produce numerous conidia, was re-grown in a

specialized culture medium, namely, the bitter gourd-prune medium. The

medium was prepared by boiling 200 g of prune dried fruits in 1000 ml

dH O for 30 min. After boiling, 10 ml of prune suspension was transferred

to a 250-ml capacity Erlenmeyer flask previously filled with 100 g fresh cut

C. citrullina

C. citrullina
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MATERIALS AND METHODS

Infected leaves of bitter gourd were collected at the vegetable area of the
Agronomy and Soil Science Cluster and brought into the Plant Pathology
Laboratory of the Crop Protection Cluster, College ofAgriculture, University of
the Philippines Los Baños, College, Laguna for microscopic examination,
isolation, purification and mass production. Infected tissues were washed
gently with sterile water to remove dirt and contaminants. Tissues were
incubated in sterile Petri plates lined with moistened sterile tissue paper for 24 h.
In order to obtain pure culture isolate, growing conidia of Cooke on
infected leaves were aseptically picked with sterile pointed needle under the
stereomicroscope and transferred to sterile test tubes previously filled with pre-
cooled potato dextrose agar (PDA) culture medium. PDA was prepared by
mixing 39 grams of its powder with 1000 ml of distilled water (dH O) and

sterilizing it at 121 C for 15 min. Pure cultures of the pathogen were incubated
and kept under laboratory conditions.

C. citrullina
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stems (1 inch length) of bitter gourd. The specialized medium was then

sterilized at 121 C for 15 min. After cooling, part of mycelial growth of C.

citrullina in a PDA slant was aseptically transferred into sterilized medium

using a sterile flat-end needle. The specialized medium with mycelia of the

pathogen was incubated for 7 days under laboratory conditions.

To obtain pure suspension, 7-day old growing mycelia of the pathogen

(with conidia) inside specialized medium were then added with 100 ml of

sterile dH O and carefully scraped with sterile wire loop to facilitate

harvest of the conidia. The suspension was collected by passing it in a

double-layered cheesecloth. Finally, suspension of the pathogen was

standardized at 1x10 conidia ml .

To check the pathogenicity of isolated Cooke, two-week old

seedlings of bitter gourd were sprayed with suspension of the pathogen

(1x10 conidia ml ) using a hand sprayer. Inoculated plants were

immediately covered with clean transparent cellophane plastics (16 x 24

inches) for 24 h to enhance disease development. After incubation, plastics

were removed and plants were kept for 7 to 14 days under screenhouse

conditions. Developing symptoms on inoculated leaves were observed and

recorded daily.

Four fungicides, namely, benomyl (0.63 g a.i. L ), chlorothalonil (1.41 g

a.i. L ), copper oxychloride (0.63 g a.i. L ) and mancozeb (3 g a.i. L ) were

used in this study. The stock solution of each fungicide was based on the

recommendations found in each bottle/pack. Using a sterile micropipette,

0.5 ml of each fungicide's stock solution and one-half milliliter (0.5 ml) of

the pathogen suspension were transferred and mixed in a depression

slide. Mixed solutions in slides were then incubated under laboratory

conditions. In addition, a mixture of the same amount between sterile

dH O and pathogen suspension was also added as control treatment. After

78 h incubation, growth and development of the conidia of the pathogen

were observed daily under the microscope. To determine the efficacy of

each fungicide, percentage germinating conidia was calculated by dividing

the number of conidia that germinated over the total number of conidia

present in each depression slide (based on initial count).

o
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Screenhouse Test

Experimental Design and Analysis

Pathogenicity Test

Standardized suspension of the pathogen was sprayed on leaves of

two-week old seedlings of bitter gourd using a hand sprayer. Inoculated

plants were immediately covered with clean transparent cellophane

plastics (16 x 24 inches) for 24 h to enhance disease development. After

incubation, plastics were removed and plants were kept for 14 days under

screenhouse conditions. When visible symptoms were observed, each

previously prepared solution of four fungicides was sprayed onto the

leaves of bitter gourd. Separate numbers of seedlings were also sprayed

with sterile dH O to serve as control treatment. Care and maintenance of

bitter gourd seedlings were employed when necessary. The following data

were gathered: a) number of lesions - actual count of lesions taken from

the first 3 leaves of the plant before and after fungicide application; b) size

of lesions – taken from the first 3 leaves and were measured using a

transparent plastic with grids (1 mm grid ), and c) disease severity -

visual estimates of diseased leaves taken from the first 3 leaves of the plant

(from the base) before and after fungicide application. Visual estimates

were based on a rating scale (1- no infection, 3- 1-24% infection, 5- 25-

49% infection, 7- 51-74% infection and 9- >75%).

Laboratory and screenhouse experiments that had five and six

replications, respectively, were both arranged in a completely randomized

design. In screenhouse experiment, one plant per pot served as one

replicate. All the data were subjected to ANOVA using the R program

(http://cran.r-project.org). Treatment means, on the other hand, were

compared through Tukey's test at 5% level of significance.

Leaf spot disease of bitter gourd started as small, white pin-sized

lesions five to seven days after inoculation (Figure 1). As the lesions

developed, the size increased and the color changed from white to gray at

the center with dark brown margins. Enlarging lesions coalesced with

each other causing the whole infected leaves to turn yellow and die.

2

2 -1

RESULTSAND DISCUSSION

79
Sensitivity of leaf spot causing pathogen of bitter gourd to different fungicides



Figure 1. Symptomatology of leaf spot disease of bitter gourd caused by

Cooke.

Cercospora

citrullina

Cercospora

Cercospora

Laboratory and Screenhouse Tests

C. citrullina

C. citrullina

Cercospora contraria Didymosphaeria dinacina

generally cause leaf spots not only in bitter gourd but in

many plants as well (Chupp, 1953; Tangonan, 1999; Begum, 2012). The

fungus usually produces long, slender, colorless, straight to slightly curved,

multicellular conidia on short conidiophores which usually arise from the

plant surface in clusters through the stomata and form conidia successively

on new growing tips (Agrios, 2005). Leaf spot symptoms in many plants

caused by infection are highly attributed to their toxin called

cercosporin. When the toxin is secreted and activated by light, it becomes

toxic to its host by generating singlet oxygen (Dickinson, 2003; Daub and

Chung, 2007). The singlet oxygen then causes lipid peroxidation in plant

membranes and leakage of nutrients, thereby killing the plant's cells and at

the same time enhances the virulence of the pathogen. Cercospora species,

on the other hand, are not affected by the toxin they release because their

spores and mycelia have the ability to produce pyridoxine (vitamin B6)

that reacts with the single oxygen atoms and neutralizes the reaction

(Agrios, 2005; Daub and Ehrenshaft, 2007).

Under laboratory condition, all conidia of did not

germinate when treated with different fungicides except in the control

(Table 1). All conidia of the pathogen in fungicide treated slides were

disintegrated. In untreated control, the conidia of the pathogen remained

intact and continued to grow after 72 h. Under screenhouse condition, all

test fungicides were also effective in suppressing disease resulting to low

number and non-increasing of lesion in the leaves of bitter gourd (Table 2

and Table 3). Visual estimates using a rating scale also revealed that test

fungicides suppressed the development of leaf spot disease of bitter gourd

caused by (Table 4). In the study of Emua and Fajola (1983),

they found that mancozeb together with other fungicides (captan, captafol

and phaltan) was effective in inhibiting the conidial germination of

H. & P. Syd and (Niessl.)
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Sacc. causing leaf spot diseases of yam ( ) under

laboratory and greenhouse experiments. Culbreath et al. (2002), on the

other hand, reported that tank mix combinations of half rates of benomyl

and chlorothalonil, and alternations of the full rates of the two fungicides

provided better control against leaf spot of peanut ( L.)

caused by S. Hori (teleomorph

Deighton) and (Berk. & M. A. Curtis)

Deighton (teleomorph Jenk.) than the full-season

applications of either rate of benomyl alone.

Dioscorea dumetorum

Arachis hypogea

Cercospora arachidicola Mycosphaerella

arachidis Cercosporidium personatum

Mycosphaerella berkeleyi

Table 1. Conidial germination of at 24, 48 and 72 hours after treatment.Cercospora citrullina

Treatments Conidial germination (%)

24 h 48 h 72 h

Water alone (control) 62.11 b 89.94 b 92.57 b

Benomyl 0 a 0 a 0 a

Chlorothanlonil 0 a 0 a 0 a

Copper oxylchloride 0 a 0 a 0 a

Mancozeb 0 a 0 a 0 a

CV (%) 53.21 21.14 13.15

Means with the same letter are not significantly different at 5% level of significance using Tukey's Test.

Aside from , benomyl, chlorothalonil, copper oxychloride

and mancozeb have been also proven effective against other groups of

important fungal plant pathogens (Enyinnia, 1996; Bushong and Timmer,

2000; Peres et al. 2002; Mueller et al., 2002; Chatage and Bhale, 2011; Syed

et al., 2012). Benomyl is a systemic, broad spectrum fungicide that belongs

to the chemical group of benzimidazole which specializes in disrupting the

tubulin assembly in mitosis as well as DNA and RNA synthesis (Vyas,

1984; FRAC, 2010). Chlorothalonil, copper oxychloride and mancozeb,

likewise, are broad-spectrum but contact fungicides that belong to

chloronitrile, inorganic and dithiocarbamate chemical groups,

respectively (Thomson, 1993). These fungicides are known for their multi-

site activities inside fungal biochemical systems. The mode of action of

Cercospora

ß-
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chlorothalonil starts with its reaction with glutathione, coenzyme-A, 2-

mercaptoethanol and other compounds forming several S-derivatives. By

this the SH-content in cells is significantly reduced which results in lethal

inhibition of a number of thiol dependent reactions (enzymes) in fungal

cells (Gastonyi and Lyr, 1987; Yang et al., 2011). The direct effect of

mancozeb unto the core biochemical processes of the target fungus, on the

other hand, is the inhibition of spore germination (Gullino et al., 2010).

Furthermore, these fungicides are highly recognized for low risk in terms

of development of resistance by any fungus as compared to benomyl and

other systemic fungicides (FRAC, 2010; Gullino et al., 2010; Yang et al.,

2011). Aside from being preventive, these fungicides actually have

curative effects, too, to disease causing pathogens of crops (Thompson,

1993). However, their efficacies are limited due to their contact

characteristics. That is, their toxicity will only take effect for those

vulnerable structures of the pathogens that will be hit or contacted during

spray applications.

Table 2. Number of lesions in leaves of bitter gourd at 0, 2, 4, 6, 8 and 10 days after treatment.

Treatments Number of lesions leaf
-1

01 2 4 6 8 10

Water alone (control) 4.83 a 7.11 b 8.01 c 9.67 c 9.67 c 9.60 c

Benomyl 4.61 a 5.00 a 5.00 a 5.12 a 5.12 ab 5.12 a

Chlorothalonil 4.22 a 5.12 a 6.12 b 6.12 ab 6.50 b 6.67 b

Copper oxychloride 4.33 a 4.40 a 4.50 a 4.50 a 5.00 ab 5.43 ab

Mancozeb 5.00 a 5.11a 5.13 a 5.14 ab 5.18 a 5.17 ab

CV (%) 17.88 13.73 9.01 13.77 13.75 13.91

Means with the same letter are not significantly different at 5% level of significance using Tukey's
Test.

Controlling diseases in plants caused by fungi can be done in any of the

following methods: use of resistant varieties, cultural control, physical

control, biological control and chemical control. Among the methods,

chemical control through application of fungicide is the most commonly

used method especially if the incidence and severity of the disease in a

certain crop is beyond the allowable level of infection and at the same time

other control methods fail to accomplish the task of suppressing or
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Table 3. Lesion size development in leaves of bitter gourd at 0, 2, 4, 6, 8 and 10 days after
treatment.

Treatments Size of lesions leaf
-1

(mm
2
)

0
1

2 4 6 8 10

Water alone (control) 1.56 a 20.29 b 40.89 b 120.00 b 189.00 b 214.11 b

Benomyl 1.53 a 2.00 a 2.00 a 2.50 a 2.50 a 2.50 a

Chlorothalonil 1.83 a 2.00 a 2.50 a 3.00 a 4.00 a 4.50 a

Copper oxychloride 1.67 a 2.00 a 2.00 a 2.00 a 2.50 a 2.50 a

Mancozeb 1.83 a 2.00 a 2.00 a 3.00 a 3.00 a 3.00 a

CV (%) 16.14 19.72 20.08 21.67 16.76 16.24

Means with the same letter are not significantly different at 5% level of significance using Tukey's
Test.

Cercospora citrullinaTable 4. Severity of leaf spot disease in bitter gourd caused by at 0, 2, 4, 6, 8

and 10 days after treatment.
1

Treatments Size of lesions leaf
-1

(mm
2
)

0
2

2 4 6 8 10

Water alone (control) 2.33 b 3.00 c 3.83 c 5.00 c 5.67 c 5.83 c

Benomyl 2.00 a 2.00 a 2.00 a 2.00 a 2.00 a 2.00 a

Chlorothalonil 2.67 bc 2.67 bc 2.67 b 2.67 b 2.67 b 2.67 b

Copper oxychloride 3.00 c 3.00 c 3.00 b 3.00 b 3.00 b 3.00 b

Mancozeb 3.00 c 3.00 c 3.00 b 3.00 b 3.00 b 3.00 b

CV (%) 31.08 23.52 33.67 28.78 30.61 26.99

1- Visual estimates based on rating scale (1- no infection, 3- 1-24% infection, 5- 25-49%
infection, 7- 51-74% infection and 9- >75%).
2-Means with the same letter are not significantly different at 5% level of significance using
Tukey's Test.
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reducing severe infections. It should be kept in mind that chemical control

through fungicide should not be solely used as control as this will

contaminate the environment, cause unhealthy effects to humans and

other animals, and may cause development of resistance by fungi.

Cooke causing leaf spot disease of bitter gourd was very

sensitive to benomyl, chlorothalonil, copper oxychloride and mancozeb.

All the four fungicides were very effective against the causal pathogen even

if the infection had already occurred. Hence, these fungicides can be used to

cure high incidence and severe infection of the pathogen causing leaf spot

in bitter gourd. Which one should be used, on the other hand, is a matter of

choice based on the price and availability in the market.

CONCLUSION

C. citrullina
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