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Imhibition of Carpogenic Germination of
Sclerotia of Sclerotinia sclerotiorum (Lib.)
De Bary by Cinnamic Acid Derivatives
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Cinnamic acid derivatives, fe p-coumaric and ferulic acids,
significantly affected carpogenic germination of Sclerotinia
scelerotiorum with different soil types. A complete inhibition of
carpogenic germination was pronounced at 100 ppm p-coumaric acid
especially with sandy soil (90% sand content). Ferulic acid did not
affect carpogenic germination but it reduced number of stipes and
number of apothecia per sclerotium. Both p-coumaric and ferulic acid
caused malformaticn toward apothecial formation.

Both p-coumaric and ferulic acids had insignificant effect toward
seed germination of cantaloupe, cucumber and watermelon even at the
highest concentrations (200pg/g soil) tested. Plant infection by
S. sclerotiorum, was greatly affected by sand contents, phenolic acids
amendment and plant species. High sandy soil was the most favorable
for disease development than low sand content soil. Para-coumnaric
acid was more effective to reduce disease incidence than ferulic acid.
Cucumber showed high acquired resistance under soil amendment
with either p-coumaric or ferulic acids against S. sclerotiorum
infection than cantaloupe or watermelon,

Key words: Cantaloupe (Cucumus melo var. cantaloupensis),
cucumber (Cucumus  sativus), watermelon (Crtrillus
vulgaris), p-coumaric acid and ferulic acid

Diseases cansed in economically important plants by Sclerotinia sclerotiorum
(Lib.)de Bary and closely related species occur worldwide, canse considerable
damage, typically have been unpredictable and difficult to control culturally or
chemically (Lumsden, 1979). Apothecia formation is a critical stage in the life cycle
of Sclerotinia sclerotiorum because of the importance of ascospore inoculum in the
initial infection on host plants (Casale and Hart, 1986). Carpogenic germination and
the number of stipes produced per sclerotinm were affected by several external
influences such as fungicides (Hawthorne and Jarvis, 1973), herbicides (Casale and
Hart, 1986, and Huang and Blackshaw, 1995), calcium cyanamide (Wu, 1991), S-H
mixture (Huang and Sun, 1991) and volatile substances from urca (Huang and
Janzen, 1991). Singh et al. (1991) reported that physico-chemical properties and ion
exchange capacity of soil samples infloenced apothecial germination of
S. scleratiorum,

Higher plants regularly release organic compounds by volatilization from their
surfaces and through leaf leachates and root exudates. Decomposition products are
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often added to the soil and some of these have been reported as agents of plant-plant
interactions, a phenomenon termed allelopathy (Rice, 1984 and Baleroni et al,,
2000). Phenolic acids are some allelochemicals commonly found in plants and soils
and are products of lignin degradation (Einhellig, 1995). The biological activity of
different allelochemicals comprises various magnitude orders (Lambers et al.,
1998). Ramakrishna ef al. (1989) and Sathiyamoorthy (1990} reported that soybean
root residues, aerial parts and seeds contain cinnamic acid derivatives such as ferulic
and p-coumnaric acids that may influence the germination and development of crop
cultivated later.

To the best of our knowledge, no research has been reported on the effects of
cinnamic acid derivatives such as p-conmaric and ferulic acids on either plant
pathogens or on the host-pathogen interaction especially cucurbits-S. sclerotiorum
interaction. Because these chemicals are exuded by several plant roots and other
plant residues and mixed with soil we expected that such chemicals may play a vital
role on the host/soil-borne interaction. Thus, the present work was planned to study
the effect of soil types amendment with various concentrations of cinnamic acid
derivatives, {.e. p-coumaric and ferulic acids on the carpogenic germination, stipes
production and apothecial formation from sclerotia of S. sclerotiorum.

Materials and Methods

The pathogen:

Sclerotium sclerotiorum was isolated by the removal of sclerotia from the rotted
stems of naturally infected cantaloupe plants cv. Shahd-Dokki (Fig. 1a) grown under
low tunnels in Minia region in February 2000 (winter). The sclerotia were.surface
sterilized by immersion in 70% ethano! for I min followed by immersion in 0.5%
NaQCl for 2 min then washed 3 times with sterile distilled water. Sclerotia were
blotted dried in a laminar flow cabinet, then plated onto PDA medium amended with
250 ppm chloramphenicol and incubated in the dark at 20°C for 10 days. Cultures
were examined daily for fungal growth. Pure cultures were maintained on PDA
slants and stored at 4°C for use throughout this study. The pathogen was identified
as Sclerotinia sclerotiorum using the key of Kohn (1979).

Pathogenicity tests:

The isolates obtained of S. sclerotiorum were subjected to pathogenicity tests.
Disks of 7-day-old cultures grown on PDA were (ransferred individually to
autoclaved barley grains (100 g barley grains mixed with 40 g sand and 60 ml
distilled water in 300-ml Erlenmeyer flask) and incubated for 10 days at 20°C. Then
the inoculated grains were mixed with steam sterilized soil at rate of 100gm infested
grains per Kg soil and at rate of 2 kg. per pot (20-cm diameter). Control pots were
filled with mixture of non-infested barley grains and autoclaved soil. All pots were
irrigated and kept under the greenhouse condition. Seven days later. pots were
cultivated by cantaloupe seeds cv. Shahd-Dokki which had been surface sterilized.
Ten seeds were cultivated per pot, four pots were used per replicate and each
treatment contained 3 replicates. Al 10, 20 and 40 days after planting, percentages of
pre- and post-emergence damping-off and dead plants were assayed, respectively.
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Effect of p-coumaric and ferulic acids on the carpogenic germination in vitro:

Disks of 7-day-old cuhtures of S, sclerotiorum isolate SS3 (the highly pathogenic
isolate) grown on PDA were transferred to autoclaved barley grains (100 g barley
grains mixed with 40 g sand and 60 wml distilled water in 300-ml Erlenmeyer flask)
and incubated at 20°C. Afier 30 days, the new sclerotia were formed. Sclerotia were
sloughed from barley grains and transferred immediately (under aseptic conditions)
to autoclaved soil in 16-cm Petri plates.

The soils used in this study were natural soils with the following physical
properties: Soil A-sand 8%, silt 55%, and clay 37%and soil B-sand 90%, silt 6% and
clay 4% (El-Ganicny et al, 1997). Appropriatc mixture of the two soils were
blended to obtain soils with sand contents desired for the experiments, ie. 8%
{original soil A), 50% and 90% sand conients (original soil B) according to the
International Pipette Method (Piper, 1950). Additionally, the role of p~coumaric and
ferulic acids amendment to soil texture was investigated at 5 various rates, i.e. 0.0
(distilled water scrved as control), 10, 50, 100 and 200 pg/g soil. The test solutions
of p-coumaric or ferulic acids were prepared singly (cither p-coumaric or ferulic
acids were dissolved in beiled distilled water for 10 min.} and added to soil for
obtaining the final concentrations (each plate received 100 ml solution).

To each Petri plate, 20 sclerotia were set on the surface of soil and 5 plates were
used as replicates for each treatment. Afier 35 days incubation at 15°C under
darkncss condition, the plates were placed under fluorescent light (2800 Lux, 14 hr
photoperiod) at 15°C for 18 days (Casale and Hart, 1986). Thereafter, the sclerotia
in each replicatc were washed 3 times by distilled water then placed in a Petri plate
(9-cm diameter) with 15 ml distilled water. The water was replaced with fresh
distilled water after 24, 48, 96 hr, and at 3 days intervals till the end of experiment.
All sclerotia were incubated under fluorescent light at 15°C. Afier 28 days,
percentages of carpogenic germination, numnber of supcs / sclerotmm and number of
apothecia / sclerotium were assessed.

Effect of p-coumaric and ferulic acids on seed germination, disease incidence and
carpogenic germination of Sclerotinia sclerotiorum in vivo:

Test solutions of p-coumaric and ferndic acids were added, as soil drenching, to
steam sterilized soils (differcnt textures as before) potted in 20-cm diameter
sterilized pots, o obtain a final concentrations of 0.0 {control), 10, 50, 100 and 200
ug/gm soil. Pots were mixed with S. sclerofiorum infested barley grains, which was
prepared as described above, at rate 5%. Non-infested barley grains were added to
serve as control. All pots were irrigated and kept under the greenhouse condition.
Seven days later, pots were cultivated by seeds of canialoupe (Cucumis melo var.
cantaloupensis cv. Shahd-Dokki), cucumber (Cucumis sativus L. cv. Medina) and
watermelon (Citriffus vulgaris L. ¢v. Giza 1), which had been surface sterilized. Ten
seeds were cultivated per pot, four pots were used per replicate and each treatment
contained 3 replicates. After 10, 20 and 40 days of planting, percentages of pre- and
post-emergence damping-off and dead plants were assayed, respectively. After 50
days of planting, number of apothecia/plant was assayed.
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Statistical analysis:

Data were transformed from percentages to arcsines when if needed and then
subjected to statistical analysis to determine the standard deviation (SD) or the least
significant differences (LSD) between treatments at a 0.05 confidence (Gomez and
Gomez, 1984).

Results and Discussion

Pathogenicity test:

Four fungal isolates (designated from SS! to 584) were isolated from the
naturally infected cantaloupe plants showing basal stem rot symptoms (Table 1).
Pathogenicity test indicated that all isolates were pathogenic to cantaloupe.

Isolate SS3 of S sclerotiorum was the most virulent one causing the highest
disease incidence (88%) followed by isolates SS1 and SS2 that gave 70% discase
incidence. Isolate S54 gave the least disease incidence (56%).

Effect of p-coumaric and ferulic acids on the carpogenic germination in vitro:

Cinnamic acid derivatives interfere to some degree with much vital plant
processes, including water use, transpiration, shoot and root growth (Blum and
Rebbeck, 1989). These allelochemicals affect the membrane properties into which
they may be incorporated, modify its fluidity and affect certain enzymes (Baleroni
et al., 2000).

The present results showed that p-coumaric and ferulic acids had various effects
toward carpogenic germination of sclerotia of S. sclerotiorum (Table 2}, Ferulic
acid had no effect where sclerotia were carpogenically germinated with 100% even
at the highest concentration (200 pg/gm soil) tested. As for p-coumaric acid,
significant reductions in the carpogenic sclerotial germination were obtained at
concentrations commencing 50 pg of p-coumaric in soil mixed at levels of 50% and
90% sand content. Such reductions are gradiently increased especially at 90% sand
content.

Number of stipcs per sclerotium of 8. selerotiorum was greatly affected in the
presence of either p-coumaric or ferulic acids in soil (Table 2 and Fig. 1c).
Generally, p-coumaric acid affected greater number of stipes in comparison with
ferutic acid. Efficacy of the allelochemicals varied with different sand contents,
p-coumaric was more effective with the highest sand content in soil but ferulic acid
was more effective with the lowest sand content in soil.

A substantial reduction in the number of apothecia/sclerotivin of S. sclerotiorum
was obtained with either p-coumaric or ferulic acids amended soil (Table 2 and
Fig.1¢). Increasing such acids decreased number of apothecia, p-coumaric was more
effective than fernlic acid. Increasing sand contents decreased number of apothecia
as well. A complete inhibition to apothecial formation was expressed at 100pg
p-coumaric/g soil with high sand content in soil (50 and 90% sand content in soil).
However, a low sand content in soil (8% sand) gave complete inhibition to apothecia
formation with 200 ug p-coumaric acid. Data indicate that phenolic acids tested
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Table 1. Pathogenicity test of S. sclerotiorum isolates obtained from rotted
stems of cantaloupe (Cucumis melo var. cantaloupensis cv, Shahd-

Dokki)
Isolate | Pre-emergence | Post-emergence Dead plants | Total disease

damping off (%)| damping off (%) (%) (%)

581 10 18 42 70
S82 14 20 38 72
§83 8 28 52 88
Ss4 10 16 30 56
SD at 0.03 NS 2.8 4.1 5.4

Table 2, Effect in vitro of sand content in soil and ammendment with p-coumaric
{p-CA) and ferulic (FA) acids on the percentage of carpogenic
germination, No. of stipes and No. of apothecia of Sclerotinia

sclerotiorum sclerotia
Carpogenic NO. of stipes/ No. of apothecia /
Chemicals! germination sclerotium and sclerotium and sand
and conc. ; (%) and sand {Mean | sand contents !Mean contents (%) Mean
(g/g soil)| contents (%) (%a)
S {50190 8 {50190 8 50 90

Distitled

water 100 (100 {100 | 100 |23 |2221172/208 | 96 | 90 | 6.0 | 82
p-CA, .
10 100 {100 {100 | 100 (17.4(168(146}163 | 8.1 | 81 { 81 | 8.1
50 100190 |50 | 80 [144/128|64 1112|160 | 66 |33 [ 53
100 95 120 5 40 1751280235 (38 |00 {00 13
200 3511015 {167 146112101120 |00 |00 | 0.0 | 0.0
Mean [82.5|55 [ 40 11 |84 |58 83 [ 45 §37 |29

FA,

10 100 1100 {100 100 {26 252(254/255] 63 | 6.9 | 62 | 6.5
50 1001100 {100} 100 {173|18 |24 | 198 | 58 [ 69 | 58 | 6.2
160 100 {100 (100 ] 100 {13417 120 {168 | 42 |42 ;46 | 43
200 100|100 (100 | 100 i12.8|164(182{158 | 18 1.8 1.2 1.6
Mean [100 (100 (100 174192219 1 45 |50 ;45

G. Mean [94.2| 85 | 80 17.1[16.6{ 15 62 |59 145
LSD at 0.05 for:
Chemicals (A)= 6.4 3.8 1.3
Conc. B)= 45 2.4 0.6
Sand content (C)= 3.8 3.2 1.8
AXBXC = NS NS NS
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variously affected carpogenic germination and soil texture plays an important role in
this respect. A strong dependence between inoculum demsity and soil texture
{clay/sand content) on the infection of sorghum by Peronosclerospora sorghi (Pratt
and Janke, 1978 and Schuh et a/., 1987) and on the infection of onion by Urocystis
cepula (El-Ganieny et al., 1997). Although ferulic acid has no effect toward
sclerotial germination it has strong inhibitory effect to reduce number of stipes and
inhibit apothecial formation. Moreover both p-coumaric and ferulic acids exhibited
malformation to apothecia formed as compared to control (Fig. 1b and Ic).

Effect of pcoumaric and ferulic acids on seed germination of cantaloupe,
cucumber and watermelon:

Both p-coumaric and ferulic acids did not affect seed germination of cantaloupe,
cucumber and watermelon (Table 3) even at the highest concentrations (200pg/g
soil) tested. Sced germination was the best under high sand content in soil.
Cucumber seeds gave the highest percentage of germination (92%) followed by
watermelon {80%) and cantaloupe (78%). The present data are consistent with the
findings of Yaklich er a/. (1979) on soybean and with El-Ganieny et al. (1997) on
onion plants, who demonstrated that seedling emergence and stand were better on a
sandy soil than on the heavy soil. Bhrm and Rebbeck (1989) found that ferulic acid
at 0.25 mM stimulated secondary root initiation and increased the ratio root-shoot in
cucumber.

Table 3. Seed germination (%) cantaloupe, cucumber and watermelon as
influenced by amendment of soil at different contents % of sand
with different concentrations of p-commnaric (p~CA) and ferulic (FA)

acidy
Chemicals Plant species and sand contents (%)
And conc. Cantaloupe cv. Cucumber cv. Watermelon cv.
(ng/g soil) Shahd-Dokki | Mean |  Medina | Mean Giza 1 Mean
8 1 50 90 8 | 50 9% 8| 30 90
Distilled water | 78 | 78 | 78 78 92 | 92| 92 92 80 | 80 | 80 80
pCA,
10 787 78] 78 78 92 1 92| 92 92 80 ] 80 | 80 80
50 78 ) 78] 78 78 921 92| 92 92 80 | 80 | 80 &0
100 T6y 76| 78 | 7671 90 92 | R {375 7R 8] 777
200 751751 78 76 901 90§ 92 |1 96 |70 751 78| 74.3
Mean 76.8176.8| 78 91 |91.5{ 92 76.3]76.3179.5
FA,
10 T8I 78781 18 9219219 92 80 | 80 [ 8| 80
50 T8 781 78 78 90 1 90| 92 ] 906 | B0 | 80 ; 80 80
100 751 75| 78 76 89 ] 89| 92 90 To | 761 79 77
200 75175 ] 78 76 88 | 89 | 90 {893 75176178 763
Mean 76.5176.5| 78 89.8] 90 {515 7780 78 179.3
G, Mean 77.1177.1| 78 90.9191.2191.8 78 |78.8]{79.6
LSD at 0.05 for:
Chemicals {A) = 0.22 0.74 NS
Conc. B = 0.34 NS 0.46
Sand content €)= 027 NS 0.35
AXBXC = 0.84 NS 1.12
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Effect of p-coumaric and ferulic acids on the disease incidence:

Data showed that the efficacy of phenolic acids toward S. sclerotiorum infection
depending on the phenolic acid applied, soil texture and plant species tested (Table
4). Infection by S. sclerotiorum, was affected by sand contents, phenolic acids
amendment and plant species. High sand content in soil was favorable for disease
development than low sand content in soil. Para-coumaric acid at higher conc. was
more cffective to reduce disease incidence than ferulic acid. Cucumber showed
lowest infection by S. sclerotiorum than cantaloupe and watermelon. Phenolic acids
gave the best effect to reduce disease incidence with low sand content in soil and
their efficacy decreased with increasing sand contents. The least disease incidence
(16%) was expressed by amendment 200 pug p-coumaric acid/g soil of 8% sand
content in soil planted with cucumber plants cv, Medina. Several rescarchers
concerned the effects of such phenolic acids on the growth of various plants (Blum
et al., 1989; Lehman et al., 1994; Baleromi ef a/., 1997 and Baleroni ef al., 2000).
But this study being the first report on plant-pathogen interaction particularly on the
interaction between cucurbits and S. sclerotiorum.

Table 4, Disease incidence caused by S. sclerotiorum isolate S$3 to cantaloupe,
cucumber and watermelon as influenced by amendment of soil at
different contents % of sand with different concentrations of
p-coumaric (p-CA) and ferulic (FA) acids

Chemicals Plant species and sand contents (%)
And conc. | Cantaloupe cv. | Mean | Cucumber cv. | Mean | Watermelon cv. | Mean
(hg/g soil) | Shahd-Dokki Medina Giza 1
8 [5014 %0 8 [ 50790 8 [50] 90
Distilled
water 80 | 80 [ 85| BL7 |85 )8 | 88| 8 | 80 | 80 | 80 80
pCA,
10 78 1 80 | 82 80 78| RO [ 80§ 793 1 78 { 75 80 717
50 (76| 8| T6T | IS{TAYTS 5 TS5V 70 TS5 | 733
100 60 ) 65| 70 ] 65 |22 |42 70447 50| 55| 60 55
200 48 | 56 1 56 | 533 | 16 135,45 (319 |35]45] 50 43
Mean 65.5[69.3[71.5 47.8| 58 [67.5 59.5{61.3; 66.3 | 43.3
FA,
10 80 | 80 | 82 187 )7 |78 78773 | R | 85| 85 | 833
50 T8 | 78| 78| 78 | 6Bl 61| 58| 6231607165 65 1633
100 T2074 074 | 733 (61 | 56| 564 577 | 46| 45 | 50 47
200 (68 {70 701693 )40 ! 52)56] 4931 38 38 35 37
Mean  [74.5]75.5] 76 61.3]61.8] 62 56 |58.3| 58.8 R
G.mean_ [73.3174.9]775 64.7{68.3172.5 65.2166.5] 684 |
LSD at 0.05 for:
Chemicals (A) = NS§ 2.10 2.87
Conc. (B) = 3.68 332 4.50
Sand content C) = 2.85 2.58 3.5
AXBXC = 9.0 7.98 NS
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Fig. 1. a) Naturally infected cantaloupe plants (cv, Shahd-Dokki) showing basal stem rot

caused by 8. sclerotiorum.

b) Carpogenically perminated scleratium of 8. selerofiorum (isolate 553) in
unamended (control) soil of 8% sand content in wye,

¢) Carpogenically germinated sclerotium of 8 sclerotiorum (lsolete 553) in soil
of 8% sand smended with 10, 50, 100 and 200pg (from left to right)
p-coumaric acid (upper row) or ferulic acid (lower row) /g soil.

d) Carpagenically germinated selerotium of 8 selerotiorum (lsolate 883) in
presence of cantaloupe (left) and cucumber (right) plants grown in
unamended soil of 8% sand content.
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Effect of p-coumaric and ferulic acids on the number of apothecia/sclerotium in
vivo:

Apothecial formation was variously affected by different sand content in soils,
phenolic acid amendment and plant species (Table 5 and Fig. 1d). Under cantaloupe
planting, sand contents have no effect toward apothecial formation while phenolic
acids showed significant ¢ffect to inhibit apothecial formation, p-coumaric was
more effective than ferulic acid, since complete inhibition to apothecial formation
was pronounced at 100 and 200ug p-coumaric/g soil.

Table 5. Number of 8. sclerotiorum apothecia/plant on cantaloupe, cucumber
and watermelon as influenced by amendment of soil at different
contents % of sand with differcnt concentrations of p-coumaric

(p-CA) and ferulic (FA) acids
Chemicals Plant species and sand contents (%)
And conc. ;Cantaloupe cv.] Mean| Cucumber cv. {Mean| Watermelon {Mean
(ngfg soil) | Shahd-Dokki Medina ov. Giza 1
8 | 509 8 [50] 9 8 50|90
Distilled
water 2812512526 [347128)25] 29 |18|18[21] 19

pPCA,
10 25)24(24) 24 125)21111) 1.9 16]1.8[19] 18
50 181414 15 [25:21:00!0 15 }02]01l00] 0.1
100 0.0(00]00] 00 |11]106{00} 0.6 [00]{00100] 0.0
200 00100[00] 0.0 {08]0.1/00[ 0.3 |00[00]/00] 0.0
Mean L1/16] 10 1.5]12]03 05{05]05

FA,
10 2624|124 25 (126;15|00] 14 118120120 19
50 21124124 23 121(12(04) 1.2 {00100]00 0.0
100 06;02]00) 03 108/08/06) 0.7 [00]6.0]00| 0.0
200 00100100]| 00 ]03[{06j064 05 (06}100/00] 00

Mean 13(13(12 15110704 05]05105
G. mean 17{16]1.6 21117111 09109110
LSD at 0.03 for:
Chemicals (A)= 0.39 0.37 0.45
Conc. B)= 0.62 NS NS
Sand content (C)= NS ‘0.46 NS
AXBXC = NS NS NS

Regarding cucumber planting, the highest number of apothecia per plant was
exhibited with unamended soil (2.9 apothecia/plant) and high sand content in soil
gave the lowest number of apothecia. A complete inhibition of apothecia was
provided by 50 ug p-coumaric acid/g soil of 90% sand content in soil.
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Otherwise, watermelon planting gave the lowest number of apothecia
(1.9 apothecia per plant in the case of wramended soil). A complete inhibition for
apothecia was shown by ferulic acid at 50 pg /g soil of different sand contents while
p-coumaric acid at 50pug /g soil gave compiete inhibition only with soil of 90% sand
content,

In conclusion, cinnamic acid derivatives such p~coumaric and ferulic acids that
considered as phenolic acids reacted as antioxidant compounds (Sert ef al., 1998).
Thus the present study confirmed our previous studies (Galal and Abdou, 1996;
Galal er al., 1997, Galal ef al., 1999; Galal et af., 2000 and Abdou ef al., 2001) on
the effectiveness of antioxidant compounds to control different plant diseases.
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