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Abstract

The ellect of pluat arowth regulators oo the palhc enic
lumgus  Scterodima selerofdormm (wlhite  moald)  was
imeestigated under o viira and v vive conditicns.
Maphthalens acete acid inhibids the luneas & wies
and i v, 1t reduced white mould dissase sevenity on
hean and  cecumber  plants st concentrabons  af
200400 ue'ml. Gibberelhc acid (GAG) promotad bath
mycelinm and white mould disease severity on plants
at concentrattons of 30-250 pgyml. Methyl jasmonate
(Mhledad, and abscic acid (ABA) decreased mveelivm
growth of S0 selerafitoruwm in vitro, Mela decreased
bean ard cucumber white mould disease at concenira-
tions of 75250 pe'mLARA incroased disease develop-
ment om hean and cecumber plants ar concentrations
ol T0=300 ez il

Introduction

The rele of plant growth regoloters (PGRs) e plaot
dizenses iz ool clearly wentified, There is incressing
evidence that both the pathopen and the host have the
capacity 1o synthssize varions PGRS, Alcrations in the
levels of PGiRs snd in discpse suscoptihility or resis-
tance resetion are associted walh planc pathogen
interaction (Singh oo al 1997 Some investigations indi-
cated that naphthalene acetic acid (NAA) is a poten-
tial antifungal agent (Nakamura et al, 1978 Toruta
et al, 1984; Michniewicz and Rezel, 1988) Auxin
atrongly imhibited myveeliar growth, sporulation. and
spore  germinetion of  Fusorinm calweran iovire
(Michniewicz and Rorej, 1987) NAA indolz acetic
acid (1AAY, 2d-diphennl acetic acid (24,17 and &hsei-
s aond (ABAY were exogenously apphed v control
Alvernaria sedam caused early blipght of powito. Auans
such as 1IANS naphthalene acetic vad ethyl ester and

Mometatory] plithalamic acd 1educed Botevts bhalt of

cut rosc towers (Elad, 159495).
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Gribberellic acad (GAL) does nod act as a zrowth fac-
Lo i funpi a5 o resplt of experiments (o which growth
retardants were vsad in cultures of ¥
(Evans. 1%84) GA nhibcted sporulaton in Otaviceps
purprrea, the cansal agent of wheat Ergot in saprophy-
fe and parasioe culores (Ostrovshy el oal, 19610
Makamura el al (19787 and Tomile el al. {1984
reported that GA; stmulated spore germination and
elongation af young hvphae of Newrospora crossa, GA,
at 10%-10° s slighsly stimalated F. codwiosan mycelium
growth, and sipnificantly stumulaed sporulation and
spore permination at 10 7 and 1077 s @ virre under
optimal condition (Michniewice and  Rozej, 1987,
T98R). Botryts Rlight of cut rose flowers has been can-
trolled by GAs apphcatiors but the o v germica-
tier, grevvth and development of Dorretic cinereq werg
ol allected by the hormone at the tested concantra-
Lo ity elfecl resulted [rom GAs-imposed inbibition of
serescence processes in dose pelals (Shaul en al., [995)

Taspnonates, orodoced by osome  fungi, may he
mvolvad  #s snbfungal agends by onereasing plant
defenes (Faul, 19%5). Metayl sasmonuate (Melu) mhibi-
od the growth of mycorrhizs! Tung (Ciogel, (991 Jas-
momic soid and Meda, spphed o potado and lomalo
plants in the glasshouse, indoced local protection
against Phytemiihore infesians (Cohen et al., 1993) In
another study, jasmonates spraved on barley plants mn
growth chamber gave protection aganst  powdery
miildew (Schweizer ot al., 1993)

ABA 15 produced by phytopathogenic fung of the
gensra  fereptis, Ceratoovstin,  Fusorium, Shizoctania
and Cereoipora rovsols (Asante and Nasiel, 1977
Doring snel Peterson, 1953) ABA was a potent
imlnbiter of growth, sporidiozapesis and eliospore gel
panation of MNewevessig owdco under culture condition
(Simzh et al, 197 and promotes £ civeraa infection
of vanous plants (Elad, 1497 Shaul of al , 1996)

anliforne

wivw Dlackwell de/synergy
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The Tungus Sclerofimiag soferonorum (Lib) de Bary
Belongs 1o the class Ascomveetes, and the family
Selerotimiaceae (Purdy. 19791, It is an important plant
pathogen cawsing white mould, a sericus vield-imiting
disease of meny crops in many countriess (Steadman,
19831 The role of PGRs in the interaction of white
mould and host planes has, w the best of our knowl-
edge, not been wdentified. The aim of the present work
wis o imvestigate the ¢Mect of PGR2 on the interac-
nom between 5 selerovforanr and 115 host plants bean
{Pmseedus vidparis) and cucumber (Coewens sarfrus)

Materials and Methods

Plant growth regulatirs

NAA (Fine Agrochemicel, Worcester, UK). GA;
(CTC, Petakh Tigua, Israel), Meln (Asic Riezel
Petakh Tiqua, lsrael} and ABA (S Lows, MO, LUSA)
were ised.

Fungal material

Collected wsolates of 8. selerofiorm were recovered
fram infected bean and cucamber plants. lsolates hod
been cleaned up and kept Ivophilized in skimmed milk
at J0UC, Three molates (55 P10, 351018 and 55.P.26)
had been vsed moall experiments.

Effect of plant growils resubulues i viirs

Girowth regulators were incorporated in potato-dest-
rose agar (FOA) (Oxowd) medium at 40°C o give final
concentrations of aclive ingredient (pg/ml) of NAA O,
1, 10y 50, 11, 150, and 200; Gas 0, 10, 50, 100, 150,
and 200 Meda 0, 10, 50, 75, 100, and 150; and ABA
0, 25, 50, 75, 100, and 130, Fourteen millilitres of
PGR-imendad PDA were dispensed into cach 90-mm
diameter Petri plate, Mycelium plugs (3-min dinmeer)
tiken from the edpes of t-day-old cultures of each
8. selevoriorw isofale were used (o inoculate six repli-
cawe plates Tor sach concentration. Plates were then
incubated in the dark a1 22°C. Colony diameter was
meqsured ol 44, 68, und T4 h. The Tdh mycelium
growth raie fem” dav) 15 presenied.

Effect of plant growih regulaiors oo detached leaves
Two-week-ofd bean (ov. Hilda) seedlings and three-
week-oll cucumber seedlings (ov. Delilny were planted
in 15 = 30 cm (breadth = height) pots in glasshouse.
The planting medium comprised of a mixture of peat-
moss and perlite (2 0 1 vy, Planis were irrigated and
& 200020 20 NPK fertlizer was added twice a week

AL flowering phase (40 days alter planting), Tully
expended young leaves were detached and placed in
plastic boxes (40« 25 < 13¢m), on a plastic mesh
platform placed on sterilised wet towel paper 1o pre-
serve hagh  relative humidity in the  polvethylene-
covered box, Each box had six hean or three cucumber
leaves.

The kaves were sprayed with the PGR solutions
using & mierospraver, The concentrations (ug a.i./mi)
of PGRs were as Tollows: MAA O, 200, 3060, 400, =00,
and 600; GAy 0, 30 100, 150, 200 and 300; Mela 0,

S0y 75, 100, and 150; and ABA 0. 50, 100, 130, 20,
and 250, After the PGR solutions were absorbed 10
the kel the detached leaves were inoculated on their
levwer surface with 3-mm diameter agar block. taken
[rom the margins of 6-dayv-old PDDA cultures of each
of the three solates of 8. scleroeiorum. The boxes were
maoistened, coversd by transparent plastic film, and
incubated af 22°C with 12 b photoperiod. The develop-
ment of 5. sclerotioram inlectiion rot was evaluated by
measuring disease lesions growth rate 93 h after inocu-
lation. The experimenial design uvsed was completely
randomized design, i six replicates where each of the
six hean leaflets or three cucumber leaves was consid-
ered a8 a replicate,

Effect of plbﬂ growih repulaiors om white mould disease
severily

Forty-day-cldd hean plants and 3e-dav-old cocumbe
plants for cach concentration, were spraved until run-
off by the following PGRs (g ad mll NAA O, 200,
400, and &00; GA, O, 30, 150, and 250; Mela 0, 75
150, gt 250; and ABA 0, 100, 200, and 300 pgml
The R solutions hod been adsorbed within 2 b
Tresed plants were inoculated  with  homogenized
myedlium al each of the 5. seferotiormy isolales sus-
pended in deionized sterile water containing 2 g1 glu-
cose, und | g/l KM, POy at volume of 20 mi/plant.
Plants were covered with (ransparent plastic bags to
preserve humidity, and incubated in a growth chamber
nt 22°C, with 12 h photoperiod. The severity of white
mold was evaluated by cstmating the pereent of leal
coverage |1 davs after inoculaiion. There were [2
plants for each replicate and fowr replicates per reat-
ment arranged in complete randomized desipn.

Statistical analyss

Results were analvsed siatistically using one-way anal-
vais of varianee (axova) 1o test significance, ond the
Tukey st was wsed for means separations by Sigma
St Software Program (1997),

Results

In witrn effect of plont growih rezulstors on myeelial growih

of 8. sclevotiorim

Growth of the three isolates of 5. sclerortorunt in the
non-amended control plutes wos 12-18 cm’rday (Fig. 1),
MAA significantly (P = 0.05) decreased the myeelium
growth rate of the three isolates of &, sclesopiornmy  an
PDA ot concentrations 1=-200 ge'mi. The inhibitory
effect of NAA increased significantly with inereasing
concentration. At 200 pg/ml, the myeelium growth rate
of the thres isolate was reduced to 2.9% ol myveelium
growih raee of the non-treated myeelium (Fig. 1) GA,
didl mot significantly (P = 0.03) reduce the myeclium
growth rates of 5. seferofiormmr  solales al concen-
trations  lower than 100 ggiml (Figo 1) The mean
mycelium growth rale was redeced significantly  al
200 ggml of GAy by 51% a5 compared with the con
trol. Meln significantly (P = 0L05) reduced myeelium
growih rate of the three isolates of 8. sclerotiarm al
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10 150 g /ml. Myceliom growth at 150 ug'ml was 2%
of the control. ABA significantly (P = 0.05) reduced
myeelium growih rate of the three isolates of 5 selero-
tigrum growving on PDA amended with 25150 pg/ml,
with ro differences between the concenirations (Fig, 1)

The effect of plant growih regulators on wikie mould

infection of detached leaves

In most gases, the formation of lesions by the different
isolates of 5 solerotiorum was similar bul varied
according 1o the experiment and plant host {Fig, 2)
MNAA  at 200600 pp'ml  sienificanthy. (P = 0,05
reduced  development of 8. seferotfmm  lesions on
bean und cucumber detached leaves (Fig. 21 with no
significant differences found between the three solaes
at 200400 px/ml, whereas at concentrations af 500
and 600 ggiml, the dilferences between isolates were
significant, solate 55.P.26 heing less susceptible. In
addition, chlorosis was ohserved on bean leaves Lreat-
ed with 600 ppiml of NAA,

GA; did not significantly (P = 0.05) aflect 5. solera.
far lesions development on hean detached leaves
pretreated with concentrations of 150 pg/mil and below
but it increpsed dissase severity al concentrations of
200-250 pg'ml. It did not affect cucumber infection at
comcentrations of 30-300 pe'ml (Fig. 2).

100 150 200

. —l . T
100 150 200 0 25 50 75 1001251580
Concentration (pug/ml)

Mefa significantly (P = 005 decrensed 5 seforo-
frowrprr lesions development on bean and cucumber
detpched leaves pretreated al comcentrations of 50
IS0 grg/ml. Yariations belween isolates were significani
at 30 and 100 gg/'mi Mela on bean leaves, and at 50
and 75 pgiml on cucumber beaves, A positive correla-
tion was observed between Meda concentration and s
imhibitory effect on lesion development. At 150 uz/ml,
the mean lesion prowth rale was 14%% (rF = 0.84) and
9% (r = (.84) on bean and cucumber deriched leaves,
respectively, compared with the growth rate of the
unirested control,

ABA did not significantly (F = 0.05) affect lesion
development on cucumber leaves pretreated At concens
trations of 50-250 gpml. ABA slightly reduced lesians
developmem on bean lenves at 50-200 gp/ml with no
effect at 250 px/ml (Fig. 2).

‘The effect of plant growth regulators on white mould severity
on whole bean amd cacumber planis

In general, o varmbion was detected between isolates
in respect to the formation of lesions (Fig 35, NAA
significantly (P = 0.03) reduced beun white mould dis-
case severily ol 200-400 gg'ml, Differences in disease
severily of the vanious isolates al the sume concentra-
ticis were nol significant. At 600 pg'ml MAA, whiie
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mirild severity on benn and cocumber Tor three 12o-
lates except isolate 58.P.26 on cocumber plants were
not alfected. The latter concentration also coused leal
chiorosis. Mean disense severity in hean plants was sig-
nificantly higher at 600 pg/ml compared with those i
2000 and 00 geiml, Cucumber white mould  disease
severity was nol significantly (P = 003) reduced at
200-600 pg/mi NAA eompared with the control (Fig. 31,

CiAg significantly (P = 0.05) increased disease severis
Iy on beans a1 50-250 pg/ml (Fig. 31 The effeet was
e severe as concentration of GAy incressed, How-

50 100 150 200 250

Fig. 2 Effeit of naphthalens acetic
acid (A, Ex sibberells aced [,
F1 methy jasmonote (0. G and
uhscisic acid (0, Hp on whin

. moukl ksion growth rele cawsed
by islaies S5 00 -1, 55115
(M3, S5 P20 {-d-} of Scileronk
selermiternrn om bein (A-D¥ and
cmgumber {E-Hp detached leaves
idier d=day ingubation peried

ever, disease severity was not alfected on cucumber
plants at 30 250 pg/ml of GAs Varation in disease
severily between isolates was not significant at these
concentrations, Mela significantly (= 005} reduced
bean and cucumber white mould disease severity at
73-250 ug/ml (Fig. 3b. A positive correlation (12 = 0,99
on hean. = (.75 on cucumber) was {ound between
concentrations of Mels and ity inhibitory effect on
bean and cucumber planis. however, induced leaf chlo-
rosis on plants. ABA sigmbcantly (P = 0.03) ineraased
white mould sevenity on cucumber plants pretreated
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with 100-200 pg/'ml, and on bean plants st 200 and
3 pgml (Fig. 3). Variahle response 1o the three
gonlates  in relation 1o disease  developmient  was
observed at 300 ug/ml on bean and cocumber plants,

Discussion

MAA reduced myceliom growih rate af 5, solerotionam
i vetre and white mould disease seveniy on detached
leaves and in whale bean and cucumber plants at con-
centrations of 200-6040 g ml. Similarly. NAA strongly
inhibited mycelium growth, sporulation, and spore ger-
mination of F. cofmorum i vitroe, whereas it increased
spare production and germination at low concentra-
tions {Michniewicz and Rozej, 19871 NAA incrcase

0 100200300 400 500 600 g

50 100 150 200 250

S0 100 150 200 250
100 -

] a0 -
&0 |
40 L.
20

i} T T T
0 50 100150 200 230 300

Concentration (pg/ml)

the resistance of potate plants o earlv blight (Mclinda
amd Sievenson, 19913 Michniewicr and Rozg (1987
and Melinda and Stevenson (1991) have pointed out
that puxin acts as o fungal growth and development-
contrefling factor, while its role in growth and devel-
opment processes may wvary in different species. The
veloaaty and Aus of auxin transporl vanes depending
on muny fuctors. meluding nature of suxin, and nature
and matunty of tissues. NAA moves slightly slower
than other auxins and the transpon rate of NAA In
bezin Lisswes 15 slow (Hertel and Flory, 19685, 5o, when
MAA 15 exogenonsly applied on bean and cucumber
plant tissues, it accumulates i the wpper cell lavers
where it initiates a short=lived partial resistance against
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the fungns, S, seferariarm penetration through lissues is
assocuited with enzymes capable of degruding the mid-
dle lamella of host cell. Optimum pH-value range of
these enzvmes (@@ pectingses and cellulazses, Lumsden.
1976; and proteclytic cnzymes, Khare and Bompeis,
1976} is 4.3-5.5, The pH value of NAA spray solutions
wsed in this study was 663-7.69 depending on concen-
tratiens. This muy have contributed 1o the reduction
of enzyme setivity and thus, the ability of 8. sefero-
riorm to degrade the host tissue. NAA incressed dis-
pase severity an bean plants a1 600 pg/'ml possibly dug
to @ deleterious ¢ffect on the host tssue rendering it
more susceptible. For instance, when  exogenously
applied. it may stirulate endogenous ethylene produc-
tiom i plant tissee @t high concentrations (Saniewski
et al., [950).

GA; significantly reduced mycelium growth rate
i vitre al 150 and 200 ppiml probably because GA
slightly reduced pH walue of medium from 4.1 1o 3.74
and 322 respectively (data not shown) However,
GA; incredsed lesions development on detached bean
lewves al 300 and 300 pz/ml, and it stimolated white
mould  development on both bean and  cucwmber
plants at concentrations higher than 130 gg'ml. Mich-
nigwicz and Roze] (1987, 1988} reporied that GA,
shghtly stimulired myeelium growth of F. enforim
firowieeo and significantly stimulated sporulation and
spore germination (at 1077 and 1077 s These authors
speculate thal GAy sels ns a regulator of mitrogen and
carbon metabolism, Tomit et al. (1984) also came Lo
the conclusion thal GAy 15 4 growth and differentia-
tion regulalor in fungr just as it i5 in higher plants.
Giibberellins perform a variety of activities in infected
plaats. Their most common effect on plants is promo-
tion of plani cell elongation. Additional effects like
induction of amyluse and cellulase and stimulation ar
mhubitian of ethylene production depend on the plant
species {Pegg. 1981k The effect of exogenously applied
GAy on the interaction of 8 solerotiorum wilh bean
and cucumber plants 15 probably complex, The stimue-
lating effect of GA: o white mould diseuse may he
dug 1o increpse in sensitivity of the hosi plant tissue
In this process; elongation of plant cells and enhince-
ment of x-amyluse, famylase and celluluse activities
stmulates the hydrolysis of starch and cellulose which
may provide the white meuld [ungus with easily ncces-
sible nutrients like glueose (Lumsden, 1976, 1979), The
pH value of GA, spray solutions in the present work
was 3.46-4.92, whech is — a5 mentioned above — in the
optimum pH range for 8, seferotorwn enzymes; this
could have sn additional growlh-prometing effect on
the fungus,

Mela significantly decreased myoehar growth raie of
8, solerotiorunt inovitro and redoced white mould dis-
ease severily on both detsched leaves and whale plants
af bean and cucumber (Figs 2 and 3), in o concentru-
tion-dependent manner. This indicates that Mela may
be considered for contral of white mould on bean and
cucimber plants. Investigations with other plant patho-
gens support this wview: Cohen et al. (I993) appled

Mela exogenously to control late blight on polato wrd
tomata plants in greenhouse and achieved 92 and 100%
comieal of the disease, respectively, When applied as a
topical spray against barley powdery mildew, jasmao-
mates gave B0% protection (o plants inoculated 3 days
afler treatment (Schweizer et al., 1953 The level of
protection  was  however, shori-lived, and  necrosis
oceurred on leal tips at 10 e 'ml, Several investigators
hud sttempied 1o explain low dese function of Mela
and how i induces partial resistance in diseased plunts,
The imeraction between Mela and systemin. ethylene,
ABA, and electrical current in planl Gssue imitiates
defence against puthogen (Xu et al, 1994; Shigemi
er al, 19497y So it is possible that Meda induced partial
resistance against white mould on bean and cucumber
plants, Chlorosis caused by exogenous application of
Mela at high concentrations (130 and 250 wgmil)
observed on bean and cucumber plants may be due o
Meda promotion of degradation of cell wall polyvsac-
churides and chlorophyll (Parthier, 19907 and inhibi-
tion of photosynthetic sctivities [Popava et al, [948),
Similar observations were made by Vedo e al, (1996)
and Mummote et al, (1997 who reporied that Mela
promoted the degradation of cell wall polysaccharides
in petiokes of P.owlearic plants,

ABA slightly reduced myeeliar growth rate on PDA
amended with differen concentrations up w 130 ggiml,
it stimulated white mould on bean and cucumber
plants at [00-300 gg'ml concentrations. This may be
ilue 1o ABA effevts on plant cell membranes, siomaita
closure (Ya'noov et ol, 19900, and twrgidity of tisswes
due 1o it effect on membrane phospholipids. Thus
extermully apphed ABA could reduce the resistance of
plant tissues and enhance Tungal penstration and colo-
nization, promoting white mould disease.

Taken together, the results presented indicate that
MAA and Mela may have a potential 1o reduce whiie
moubd disease on bean and cucumber in whole planis,
while GAs and ABA stmulate disease development
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