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I ate blight disease of potato caused by Phvtaphthora infestans
(Mont.) de Bary is one of the most devastating diseases of
potatoes all over the world and tn some regions in Egypt.

Coconut milk solution {2%), mango malformed intlorescence
extract {7.5%). ethyl salicvlic acid (0.125 ml/liter). Sincocin and
Agrispon (0.1%) led to a great reduction in number of blight spots/
plant in comparison to non treated plants.

All tested agents reduced spot size especially ethyl salicvlic acid
as it reduced spot size from 11.2+1.05 mm in nc:-treated plants to
2.7+2.12 mm in the treated ones.

Disease severity was reduced in treated planis where the best
solutions were jasmonic acid and mango malformed inflorescence
extract. which reduced disease severity from 50% on control plants to
1% in the treated ones.

All agents elicited sesquiterpenoid phytoalexins (SSP) in potato
tubers. The number of SSP induced varied between tested agents.
whereas, jasmonic acid elicited 3 compounds. mango malformed
inflorescence elicited 2 compounds. All tested agents elicked lubimin

and phytuberin,

Correlation coefficient between number of elicited SSP and
disease severity reached-0.64 indicating that disease severity
decreased by increasing number of ¢licited SSP.

Keywords: Agrispon, coconut milk, ethyl salicylic acid. jasmonic
acid. mange malformed inflorescence. Phviophrhoru
infestans, potato late blight and Sincocin.

Phecopatizors “riestans (Mont.) de Bary causes fate blight disease of potato and
romato throughou: 2 world. This devastating disease causes severe losses in potato
fields evary vear if the disease was left without control (James. 1974). For a long
time. the contro” of such serious disease was going in two directions. The first one
was through wusing suitable fungicides, ie Mancozeb, Metiram, Benzamide,
Cymoxyanils.  Dimetbomorphs,  Azoxystrobin,  Chlorothalonil,  Coppers,
Mefanoxams. Ridomil (metalaxyl) and other chemicals {Stevenson, 1993). The other
was breeding for resistant cultivars against the most dominant races of the fungus
(Frv. 1978: Wastie er a/.. 1993 and Bradshaw et al., 1995).
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It is well established that usage of fungicides for a long time causes disturbance
in ecosystem and might led to the appearance of fungicide-resistant isolates
(Goodwin and McGrath, 1995 and Suijkowski et af. 1993) in addition to their
hazardous effects on humans and animals (Paris-Palacios et al., 1998). However.
dynamic population of Phviophthora infestans led to the appearance of new races
which could infect the resistant cultivars (Fry and Goodwin, 1993; Suijkowski et af.,
1996 and Fry and Goodwin. 1997).

For aill of these reasons. the concept of inducing resistance in plants against
fungal, bacterial. viral and nematodal diseases became widespread in agriculture
(Naylor et al., 1998; Oka er al.. 1999; Buonaurio er «f, 2002; Mohan Babu et af.,
2002 and Bach er af, 2003).

The present investigation atmed to induce resistance in potato plants against late
blight disease under field conditions by some ptant extracts, ie. Coconut milk
solution, mango malformed inflorescence extract, Sincocin and Agrispon and
chemical compounds, i.e. ethyl salicylic acid and jasmonic acid which were chosen
according to their ability to enhance soluble peroxidase activity in potato tubers.
Studying the ability of the tested agents to elicit phytoalexins in potato tubers was

" also undertaken.

Materials and Methods

Field location:

A field (172 feddan) located in El-Sabeel village. Shebeen El-Kanater. Qualubiya
Governorate was chosen to carry out this experiment because it has a long history in
heavy epidemic of late-blight of potato (Mohamed, 2002). Field was divided inio
plots {7 x 6 m), every plot contained 7 lines. Every plot was specified for one tested
agent and three plots were left as check control. Large area around the plots was left
without treatment (o avoid any contamination by any treated chemicals from nearly
fields. Lines were sown by tuber pieces (cv. Dimond) in 5” of November. 2005.
Experimental field was fertilized and irrigated as usual.

Tested agents:

The following plant water extracts and solutions were sprayed on plants:

[- Hot-water extract of mango malformed inflorescence (75 g/1.)

2- Water solution of coconut milk (2%).

3- Water solution of ethvl salicylic acid (0.125 m¥/1).

4- Water solution of jasmonic acid (0.125 mi/l).

5- Water solution of Agrispon”™ {Plant and mineral extracts. commercial product
obtained from Agric. Sci., Dallas Company (1 ml/1).

6- Water solution of Sincocin® (Plant extracts, commercial product obtained from
Agric. Sci.. Dallas Company (1 ml/ 1).

Plants were sprayed 4 times starting when they reached 60 days from planting
(5" January 2006) and every 10 days.
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Disease assessment:

The number of spots was counted on 20 plants distributed in 5 rows at the first
appearance of late blight symptoms (28" January, 2006). The diameter (mm) of
spots was measured. Three weeks later, when the lesions had coalesced, proportion
of blighted area / leaf was visually estimated using a 0-4 scale (0= no symptoms;
1,2,3, and 4 up to 1%, 10%, 25% and 50% of the leaf area blighted, respectively
(James, 1971).

Elicitation and chromatographic separation of sesquiterpenoid phytoalexins (SSP).
Elicitation of sesquiterpenoid phytoalexins {SSP) in potato tubers was carried out
according to the method adopted by Metlitski er al. (1976). Newly harvested potato
tubers were collected from treated and non-treated plots, washed under tap water to
remove the adhesive soil particles then air-dried. Tubers were stored for 3 weeks
under cooling {6-83°C), then transferred and kept at room temperature (25+2°C for
48h. Tubers were cut transversely into two equal portions and by using teaspoon,
a hole (2em in diameter, 1cm in depth) was digged in the centre of paranchymatous
tissue, then washed with sterilized distilled water and left to dry on filter papers,
Two hours later, holes were filled with water solutions of the tested agents or
distilled water as a check. Ten halls were used for every particular solution. In order
to avoid any fungal or bacterial contaminations, water solutions were amended with
500 ppm chioramphenicol+10 ppm benomyl. Halves of tubers were put in stainless
steel plates covered with glass plate and incubated at 22+°C in the dark. Halls were
refilled with sterilized distilled water when needed. Forty eight hours later,
suspension of each agent was harvested, collected together then mixed with
chloroform (1. 5v/v). Mixture was shaked well in a separating funnel and
chloroform phase was separated, evaporated till dryness in a beaker under vacuum.
The residue was re-dissolved in 0.5 ml chloroform. '

Twenty microliters of chloroform containing residues were spotted on Silica-gel-
G plates, 0.2 mm (Poiygram®) for thin layer chromatographic separation. Separation
was carried out using system consisted of chloroform: acetone. (7:3 v/v). After
running had been completed, the plate was heat dried then sprayed with vanilin-
sutfuric acid reagent, and heated at 100°C for 5 minutes, Rf values of separated
spots were calculated and compared with Rf(s) values of potato phytoalexins
adopted by Stoess] (1982).

Statistical analysis:

Standard deviation for all treatments was calculated according to Michael
(1984); Pierson correlation coefficient was calculated between ali figures of disease
incidence and number of sesquiterpenoid phytoalexins, elicited by all tested agents.

Results

Effect of chemical agents and natural extracts on late blight incidence:

Twenty plants distributed in 5 rows were chosen at the first appearance of late
blight symptoms on potate plants (28/1/2006) to count number of spots/ plant for
every particular treatment. The average numbers of late blight spot/ plant on
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non-treated plants reached 8.12+4.16 spots/ plant. The average spot number was
1.25:1.45 on plants treated by coconut milk solution while it was 1.25x1.78 on
plants treated by mango inflorescence extract. Significant differences in late blight
spots/plant were found between plants treated by the previously mentioned agents
and the control. On the other hand, no significant differences were recorded in
number of spots/plant on plants treated with Agrispon, Sincocin and ethy! salicylic
(Fig. 1). [t is also clear from Fig (1) that jasmonic acid was the least effective agent
in reducing spot numbers/ plant (5.87+£4.32). Average spot diameter was reduced
due to the treatment in comparison to the control. Jasmonic acid and ethyl salicylic
acid solutions were highly effective in this respect comparing with other treatments
(Fig. 2). In all cases, average spot sizes were fess than that on control plants.
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Fig. 1. Effect of chemical agents and natural extracts on number of late blight

spots / plant,
Whereas: ESA: Water solution of ethyl salicylic acid (0.125 mVliter).JAS: Water solution of
Jasmonic acid (0.125 ml/1), COM: Water solution of coconut mitk (2%). MAN:
Water extract of mango malformed inflorescence (75 g/1). SIN: Water solution of
Sincocin®{ 1 ml/l). AGR: Water solution of Agrispon( 1mi/1}.

Three weeks later, severity of late blight was determined on the chosen plants.
Data in Fig. (3} indicate that non treated plants recorded maximum readings of
disease severity (30%). On the contrary, coconut milk solution and mango
malformed inflorescence extract gave the minimum score of disease severity (1%).
Planis treated by Agrispon and Sincocin solutions recorded 5% disease severity,
ethyl salicylic acid and jasmonic acid recorded 10% disease severity. "

Phytoalexin induction in potato tuber tissues by the tested agents:

The ability of the tested agents to elicit phytoalexins in potato tuber {issues was
tested using diffusion technique. Results of this study are presented in Table (1) and
Fig. (4). It is clearly shown in Fig. (4} that all the tested agents elicited phytoalexins
in potato tubers. [t was also observed that, the ability of the tested agents as elicitors
of phytoalexins was variable.
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Fig. 2. Effect of chemical agents and pratural extracts on size of late blight spots.
For treatments, refer to footnote of Fig. 1.
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Fig. 3. Final late bight disease severity on potato plants.
For treatments, refer to footnote of Fig. 1.
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Table 1. Phytoalexins elicited by tested agents, their Rf values and their name -

| Rf [ Mame of phytoalexin Elicited by

| 0.046 Linknown Jasmonic acid, cocor ut milk

| 0.093 Unknown Jasmonic acic
0.157 Unknown Ethyl salicylic acid, Jasmonic, liincocin, Agrispon
0.203 Rishitin Sincocin |
0.509 Lubimin All tested ageris |
0.824 | Phytuberin All tested agerts

Table (1) also clearly show that all agents elicited lubinin and phytuberin.
Moreover, unknown sesquiterpenoid phytoalexin compound: were elicited by
jasmonic acid, coconut milk, ethyl salicylic acid, Sincocin® and Agrispon. The
phytoalexin rishtin was only elicited by Sincocin.

0.203R

0.157U
0.093U
0.0461 'y

Control  ESA JAS COM = SIN A Sap

Fig. 4. Phytoalexins elicited by tested agents.

Whereas: P: Phytuberin: L: Lubimin: R: Rishitin; U: Unknown: ESA: Water solution of ethyl
salicylic acid (0.125 mll); JAS: Water solution of Jasmonic acid (0.125 ml/l):
COM: Water solution of coconut milk (29%); MAN: VWater extract of mango
malformed inflorescence (75 g/l.): SIN: Water solution o Sincocin® (Iml/1) and
AGR: Water solution of Agrispon™ (1 mi/ I

Pierson correlation coefficient between numbers of sesquil zrpenoid phytoalexins
elicited by different agents and all of disease incidence figures was calculated
(Table 2).
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Table 2. Pierson correlation coefficient between number of sesquiterpenoid
phytoalexins (S5P) elicited by different agent and disease incidence

figures
State Correlation r coefficient
Average number of spots/ plant x No. of SSP -0.14
Average spot size/ plant x No. of SSP -0.21
Average disease severity of No. of SSP -0.68 f

It is also clearly shown in Table (2) that, high negative coefficient was found
only between average disease severity and No. of S3P elicited by different agents.
whereas it reached -0.68.

Discussion

The concept of inducing resistance of plants against disease was introduced
vigorously in plant disease management. There are many successful trials carried out
under laboratory and greenhouse conditions to enhance plant disease resistance
against fungal diseases (Cohen ef al., 1991; Cohen, 1994 and Agostini er afl., 2003)
bacterial diseases (Buonaurio ef af,, 2002), viral diseases (Anfoka, 2000) and even
nematodal diseases (Oka et al., 1999), using different chemical agents.

Recently, different studies were carried out to enhance plant resistance against
diseases by plant extracts (Daayf et a/, 2000 and Baysol et af., 2002). In the present
investigation, plant water extract of malformed mango inflorescence, water solution
of coconut milk, Agrispon® and Sincocin® and chemical compounds, ie. ethyl
salicylic acid and jasmonic acid were tested as inducers of resistance against late
blight disease, one of the most destructive diseases of potato under field conditions

Data obtained indicated that, all the tested compounds have reduced disease
incidence. The best agents reducing number of spots/ plant were coconut milk
solution and mango malformed inflorescence extract, meanwhile, the best agents
reducing spot diameter were jasmonic acid and ethyl salicylic acid solutions.
Disease severity was also reduced due to the treatment and the best agents were
coconut milk solution and mango malformed inflorescence extract followed by
Sincocin™ and Agrispon® solutions.

Jasmonic acid and some derivatives of salicylic acid were found to induce
resistance in plants against diseases via elicitation of pathogenesis related proteins
(PR) (Cohen et al., 1993; Vemnooij ef al., 1995 and Van Wees er al., 2000)_.

Potato tubers had proved their efficiency as a test organ for elicitation of
phytoalexins, It was proved that any agent that elicit phytoalexins in potato tubers
effectively elicit such phytoalexins in plant shoots (Mostafa and Djakov, 1977:
Bostock er al, 1982 and Szafrauek el al., 2005). In this study the ability of the
previously mentioned agents to elicit phytoalexins in potato tubers (cv. Diamond)
was tested,

Egypt. J. Phvtopathol., Vol. 35, No. 2 (2007}
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Data obtained also indicated that all tested agents elicited sesquiterpenoid
phytoalexins (SSP) in potato tubers. Surprisingly, agents varied in their ability to
elicit SSP. Some agents elicited five SSP compounds, (i.e. jasmonic acid) others,
elicited two SSP compounds, (i e. mango malformed inflorescence extract), but all
agents elicited at least lubimin and phytuberin.

The role of phytoalexins in plant disease resistance was studied in many
laboratories (Paxton, 1981; Bostock et al, 1982Cohen ef al., 1991 and Ning er al.,
2003) and it was proved that there is a high correlation between elicitation of
phytoalexins in inoculated plants and their resistance to the pathogens. [n this
respect, some studies were carried out to prepare phytoalexins elicitor and used it as
a green pesticide (Ning ef af., 2003).

As a conclusion, jasmonic acid, ethyl salicylic acid solution, coconut milk,
Agrispon®, Sincocin® solutions and mango malformed inflorescence extract had
proved their efficacy as inducers of resistance agents against late blight disease of
potato under field conditions by elicitation of phytoalexins in treated plants.
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