PATHOLOGICAL STUDIES ON
DAHLIA TUBER ROTS

By

Eman Osman Hassan Ali
B.Sc. Agricultural Sciences (Plant Pathology),
Fac. Agric. Moshtohor, Zagazig Univ., 1998

Thesis
Submitted in Partial Fulfillment
of the Requirements for the Degree of
Master of Science
in
PLANT PATHOLOGY

Department of Agricultural Botany,

Faculty of Agriculture at Moshtohor,

Zagazig University (Benha Branch)
2004



Lol il s o

QAL&A:\JMJ
S G pldie Gl

i) gl b g2 08
(1998) W &8 13831 daala — gidiay 4o 300 48

Sle sl
Lol ashedl yials 4y
<
il al

=103 aldl ‘w.ué
ey ds) )30 s
L &8 [ 850 daala
2004



SUPERVISION COMMITTEE

PATHOLOGICAL STUDIES ON DAHLIA TUBER
ROTS

By
Eman Osman Hassan Ali
B.Sc. Agricultural Sciences (Plant Pathology),
Fac. Agric. Moshtohor, Zagazig Univ., 1998

Thisthesisfor M.Sc. degree in Plant Pathology under the

supervision of:

1. Prof. Dr. Nawal Abd El-Monem Eisa
Professor of Plant Pathology

Agric. Botany Dept., Fac. Agric., Moshtohor
Zagazig Univ., Benha Branch.

2. Dr. Gehad Mohamed Desouky El-Habaa
Assistant Professor of Plant Pathology
Agric. Botany Dept., Fac. Agric., Moshtohor
Zagazig Univ., Benha Branch.

3. Dr. Fathy Gad Mohamed Abd El-Gawad
Assistant Professor of Plant Pathology
Agric. Botany Dept., Fac. Agric., Moshtohor
Zagazig Univ., Benha Branch.



APPROVAL SHEET

PATHOLOGICAL STUDIES ON DAHLIA TUBER
ROTS

By
Eman Osman Hassan Ali
B.Sc. Agricultural Sciences (Plant Pathology),
Fac. Agric. Moshtohor, Zagazig Univ., 1998

Thisthesisfor M.Sc. degreein Plant Pathology has been approved
by:

Prof. Dr. Nawal Abd EI-Monem Eisa  ....coooevvviiiiiiinn,
Professor of Plant Pathology, Fac. Agric. MoshtoEaigazig Univ.,
Benha Branch.

Prof. Dr. Hafez Sayed Ahmed Shalaby -..........................
Professor of Plant Pathology and Dean of Highetr Mgric. Co-Op.,
Shobra, Egypt.

Prof. Dr. Raouf Naguib Fawzy ..o
Professor of Plant Pathology, Fac. Agric. MoshtoHaigazig Univ.,
Benha Branch.

Dr. Gehad Mohamed El-Habaa ~  .coooiiiiiiiin,
Assistant Professor of Plant Pathology, Fac. Aghoshtohor,
Zagazig Univ., Benha Branch.

Dr. Fathy Gad Mohamed

Assistant Professor of Plant Pathology, Fac. Aghoshtohor,
Zagazig Univ., Benha Branch.

Date: 12/ 7/ 2004



ACKNOWLEDGEMENT

A word of gratitude is not enough towards the gedart
and help thaProf. Dr. Nawal Abd EI-Moneim Eisa, Professor
of Plant Pathology, Faculty of Agriculture at Moshdor, Benha
Branch, Zagazig University, did in the whole woBhe has been
always patient, helpful and kind hearted. Her aglviare my
guide in work and life. She gave me her time anorefo
introduce this thesis in the best form and it wagleasure to
work under her supervision.

A word of love and gratitude t®r. Gehad Mohamed
Desouky El-Habbaa, Assistant Professor of Plant Pathology,
Faculty of Agriculture at Moshtohor, Benha Bran&agazig
University, for suggesting the subject of this stathd preparing
the manuscript. He has been a great support byebisnical
observations and effort which were very helpfubtighout the
work. His bounding patience and constant suppoth vhis
lovely soul were the major factors behind my work.

A word of love and gratitude tdDr. Fathy Gad
Mohamed, Assistant Professor of Plant Pathology, Faculty of
Agriculture at Moshtohor, Benha Branch, Zagazig udrsity,
for his kindness. He has been a great support ®yteahnical
observations and effort which were very helpfubtighout the
work. He was kind enough to share me my problemmguhis
work.

At last, I am indebted to my colleagues and shdiff
members at Plant Pathology Branch, Department of Botany
Faculty of Agriculture at Moshtohor, Benha Bran&ggazig
University, for their help and encouragement andceveryone
helped this work to arise.



Page
INTRODUCTION. ...t e e e 1
REVIEW OF LITERATURE.........ooi e 3
MATERIALS AND METHODS ..., 28
RESULT S .. e 52
1. Isolation of fungi and bacteria associated ttetbdahlia tubers ..... 52
2. Pathogenicity test of fungal pathogens ................cooiv e 52
3. Physical factors affecting growth & sclerotiafrhation ofS. rolfsii 54
3.1. DIfferent MEIA ... ...vveeeiis e e e e 54
3.2, TEMPEIAIUIE ....civvtiie e e e e e e e 55
3.3. Relative hUMIdity ............coovvreeiiiiiiiie e e 56
A PHVAIUES ...t 57
3.5. CarbON SOUMCES ....vviiiiit et it eee e e e e e e et e ae et e 58
3.6. NItrOgEN SOUICES ......ieeiiiiie et e e e, 59
3.7 LIgNt COIOUN ..uvviit it e e et e 60
4. Factors affecting disease incidence in dahbensiinfected
WIth S. TOIfSIi.... oo 62
4.1. Effect of wounding .........c.cooiiiiiiii i 62
4.2. Effect of inoculum density ............ooiiiii i 63
5. Pathogenicity and host range of isolated baxteti.............. 65
6. Identification and classification of pathogebaxterial isolates 67
6.1. Traditional techniques..............coviviiiiiie i e 67
6.2. Electrophoretic analysis of protein patterns.................... 71
7. Biochemical changes in infected dahlia tubers................. 75
4 ST W T - L 7o) ] (=1 o | A 75
7.2 Phenol CONteNt ........coiiuiieiiie i s e e 76
8. Enzymatic Studies.............coiiiiiiiiiiii e, 77
8.1. Insyntheticmedia ..............cooeiii i 77
8.2. Ondahliatubers ........ccooeiii i 79
9. Evaluation of different fungicides agailsstrolfsii................. 80
Q.1 AN VILIO et e 80
9.2 IN VIVO ..ot e e e 82
10. Evaluation of some bactericides against badtpathogens.. 84
5 [ I £ o T 84
L0200 VIVO et e e e e e 87
DISCUSSION ...t e e e e 90

REFERENCES ... .. 108
ARABIC SUMMARY ...



INTRODUCTION

Dahlia Dahlia pinnatalL.) is one of the most popular and
attractive cut flower plants around the world. Maspecialists
and consumers consider it the queen of summer fovizahlia
flowers could be exported as cut flowers where thaye a long
vase life and could be used also as pot plantssobealding
plants for landscaping, especially in form of senghriety group
(Bradley, 1993) Dahlia is propagated by different methods like
seeds, divided tubers or by stem cuttings. Largelban of stem
cuttings can be taken from dahlia tubers wherey ttuoted
easily in greenhouse then planted normally in rbufarm into
pot or planted in the field in row®rotich, 1988)

Many fungal and bacterial diseases are attackirigiada
plants in the field and during storage or duringpagation by
stem cuttings and divided tubers. The mostly fungjabases
caused by Sclerotium rolfsiji Fusarium solani and
Macrophomina phaseoliSclerotium diseaseS( rolfsi) is the
most important and destructive one, it causes heavyual
losses to flowers and tuber production. Bactedll ot disease
caused byErwinia carotovorapv. carotovorg E. carotovorapv.
chrysanthemi Pseudomonas cichoriand Bacillus polymyxa
were the most common pathogenic bacteria attaclking
destroying dahlia tubers under ground in the fietdin stores
(Lelliott and Stead, 1987)

This work aimed to isolate and identify the prewal&ungi
and pathogenic bacteria attacking dahlia plants eund
Egyptian conditions. Studying the optimum conditioof
these pathogens to grow and infect dahlia. Studyhey



abilities of these pathogens to secrete cell watjrdding
enzymes in order to understand the behavior of ethes
pathogens in inducing tuber rots. Evaluation thiectfof
some fungicides and antibiotics in controlling thes
pathogens.



REVIEW OF LITERATURE
1. The causal microorganisms:

1.1. Fungi

Chu et al. (1961)recordedSclerotium rolfsiias one of the
most pathogenic fungi attacking sugar beet, caugamgping-off
and root rot.

Aycock (1966)stated thafS. rolfsii was found on more
than 500 species of plants in about 100 familied eauses
economically important disease in warm, moist ctesa
throughout the world.

Brooks (1981) mentioned thatS. rolfsii is a virulent
parasite of many crop plants, e.g. beans, maizéatqes,
tomatoes, and cabbage attacking them from the real the
ground level in warm countries.

Fahim et al. (1981)mentioned tha®.rolfsii, S. bataticola
[Macrophomina phaseolija Fusarium oxysporum f.sp.
conglutinansand Pythium sp. isolated from mature root tissues
of sugar beet showing severe rotting, were pathogen all
tested sugar beet cultivas. rolfsiiwas the most virulent and.
phaseolinavas the least.

Bhargava et al. (1983) stated for the first time that
Fusarium equiseticause a severe foot and root rot of high
yielding potato cultivars in India. Disease incidervaried from
10 to 30%.

Naiki et al. (1985)isolated sclerotia dRhizoctonia solani
from rotted roots of sugar beet in Hokkaido.



Papavizas and Collins (1990mentioned thaB. rolfsii
causes extensive damage to plant in more than da®dids in
warm regions of the world.

Manici and Cerato (1994)isolated 8F. oxysporunt.sp.
tuberosiisolates, 6 from rotten potato tubers and 2 froeaky
but not wilted, potato plants in seed-growing areasiorthern
Italy. The pathogenicity and potential spread oé tungus
within the plant were assessed in greenhouse dntks. All
isolates caused dry rot on inoculated tubers. #uiggested that
F. oxysporumf.sp. tuberosi may become a potential danger
during potato storage, as propagules increase uasieurable
conditions although disease may not be evidertarfield.

Abada (1994) isolated the following fungiAlternaria
spp-; Mucor spp.; Fusarium spp., F. conglutinans F. solani
Pleospora betaePythium debaryanunR. solanj S. bataticola
[Macrophomina phaseolifa S. rolfsii [Corticium rolfsi] and
Trichoderma harzianurfrom rotted sugar beet roots collected in
Egypt (Kafr EI-Shikh governorate). All the isolatéahgi were
pathogenic except the antagonistic fungusarzianum

Osai et al. (1996) investigated the response of yam
(Dioscorea) cultivars to artificial and natural enfions with
minisett rot pathogens. None of the yam cultivaesemesistant
to S. rolfsit

Ray et al. (1996)isolated several fungi and bacteria from
decaying sweet potato tubers under ambient temperéB0° +
2°C) and relative humidity (70-95%). These specwesre
common storage fungi belonging to the gend&thizopus
Aspergillus Fusarium Penicillium and Botryodiplodia and 2



bacteria. HoweverAspergillus (A. niger, A. oryzaeand A.
flavug were mostly secondary invaders and could notatene
decay when inoculated into fresh and healthy tuliRrszopus
decay (soft-rot caused bR. oryzag was prolific and more
prevalent following kharif (RH, 80-95%) than in raeason (RH
70-85%). B. theobromaewas the common storage fungus
causing java black rot and was severe in both Klaaud rabi.
Fusariumrot was moderate intensity and the causal agesfFwa
oxysporum Pathogenicity tests confirmed the susceptibitify
sweet potatoes to these pathogens. Further, thesges fungi
had wide host specificity ranging froAmorphophalluscassava
andColocasiato white yams.

Ugwuanyi and Obeta (1997)reported thatCorticium
rolfsii isolated from cocoyam Cplocasia spp.) corms and
cormels showing spilage symptoms from many storeshe
Nsukka locality, Japan, caused cocoyam rot in mehicity
tests. The rot due tcC. rolfsii was extensive resulting in
complete maceration of cocoyam tissue.

Gomaa and Mohamed (2000)solated S. rolfsii from
naturally rotted dahlia tubers in Egypt and studisceffects on
vegetative, flowering characteristics and tubersmftion of
dahlia Dahlia pinnatg.

Okigbo and lkediugwu (2000)mentioned that the fungi
A. niger, B. theobromagPenicillium oxalicumRhizopussp. and
Rhizoctonia sp. infected the white yam cultivars. The
establishment oRhizoctoniasp. as a postharvest pathogen in
Nigeria was also discussed.



Okigbo (2003) isolated A. niger, B. theobromag F.
solani, Thanatephorus cucumeri€hoanephora cucurbitarum
P. oxalicum Rhizopussp., andTrichodermasp. from the yam
tuber surface of all cultivar{scorea rotundataultivars Omi,
lyawo, and lkale, and ®. alata cultivar) immediately after
harvest in Agbor, NigeriaB. theobromaevas most frequently
isolated, followed byA. niger, Trichodermasp., Rhizopussp.,
and F. solani Aspergillus niger was frequently isolated
throughout the year exceptIh alataon which it was relatively
sparse, whileP. oxalicumwas recorded only during the early
months of storage. The surface mycoflora f alata was
particularly high inRhizopussp. andTrichodermasp. Fungal
density was highest on the head region of tubers.

1.2. Bacteria

Dowson (1957)stated thatErwinia carotovora subsp.
carotovorg Pseudomonas marginaliand Bacillus spp. were
among the most predominant rotting organisms it parvest
decay of vegetables and fruits.

Hoitink and Daft (1972) isolated E. carotovoravar.
chrysanthemfrom the tissues but not from the surface of €dnt
plants of chrysanthemum, shasta daisg€hrysanthemum
maximum Syngonium podophylluend dahlia@ahlia pinnatg.

Boesewinkel (1975mentioned thaE. chrysanthemis a
serious disease on dahlia and carnation plantsoithNsland,
New Zealand where it was recently discovered. $b affects
many other ornamentals.



Alivizatos (1979)reported thakE. chrysantheminfected
tomato, potato, tobacco, maize, chrysanthemumtdageinnia,
hydrangea, canna and dahlia plants.

Jump et al. (1983) isolatedE. carotovorafrom cactus
plants showing soft rot symptoms.

McGuire and Kelman (1983)tested the susceptibility of
nine potato cultivars grown on two soils Eywinia soft rot.
Tubers of Butte, Russet Burbank and Norgold Russete
consistently resistant 6. carotovoraon both silt loam and fine
sandy loam soils.

Piplani et al. (1983) isolated Bacillus polymyxafrom
rotten tuber tissues, the vascular tissues of apglgr healthy
tubers and healthy aerial stems. Also, observeduémetly
necrosis of leaf veins and apical buds during Jangust in
glasshouse-grown potato plants. All the culture8.opolymyxa
caused soft rot of tuber tissues and necrosisrddlgEarts.

Peltzer and Sivasithamparam (1985)found that all
isolates of E. carotovora subsp. atroseptica E. carotovora
subsp.carotovoraandE. chrysanthemfrom Western Australia
produced stem rots in potato when provided withrthpecific
environmental requirements. The pathogenicity .
chrysanthemivas highly variable. A high inoculum level{B0’
cfu/ml) was required for rapid rotting [&. chrysanthemi

Bhattacharya and Mukherjee (1986)concluded that the
soft rot of stored tissues could be due to someommnwon
bacteria. Genera such Bscillus and Pseudomonagas well as
Erwinia were associated with soft rots of vegetablesisrand
other stored tissues. The bacteria caused rottingga temp.



(40°C) and 100% RH or under water-soaked conditi@mne
showed preference for different tissues although calised
equally extensive rotting of potato, carrot, pingamnd onion

Dopke et al. (1987) studied susceptibility to potato
blackleg and tuber soft rot, both causedEhycarotovorasubsp.
atroseptica in 7 cultivars. Only Sieglinde and Hansa showed a
positive correlation between stem and tuber regmns
Resistance toE. carotovora subsp. carotovora and subsp.
chrysanthemi[E. chrysanthemipv. chrysanthenji increased
considerably as development progressed. Markedewice on
stems by some subsghrysanthemstrains was associated with
highin vitro production of polygalacturonase.

Romeiro et al. (1988)stated thaE. carotovorais the soft
rot pathogen of Peruvian carrot in Minas GeraigeStBrazil,
either under field conditions or after harvestedtsohave been
stored.

Rameshet al. (1989)observed a severe outbreak of carrot
soft rot During Mar.-Apr. 1986 and 1987 in Bangalor
Karnataka, India, and described symptoms of theadis. The
causal organism was isolated and identifiedEascarotovora
subsp.carotovoraand its pathogenicity was confirmed. This is
the first report of soft rot of carrot caused By carotovora
subsp.carotovorain the field in India.

Khan et al. (1990) collected potato tubers with soft rot
symptoms from various sources in Bangladesh. Bacisolated
were rods of different sizes, Gram negative and-spore
forming. Pathogenicity of the isolates was confidnfy in vitro



tuber inoculation. Biochemical and physiologicahrdcteristics
confirmed the isolates to l&winia andPseudomonas

Kozak (1990) evaluated about 50 carrot cultivars and
breeding lines grown during 1988 and 1989 in Poltmdheir
reaction toE. carotovoraand for the effect of duration of root
storage on disease incidence. No resistant cudtivaare found
but Rola cv. was the least susceptible in bothsyeEne duration
of root storage had no effect on susceptibility.

Togashi et al. (1995) detectedErwinia spp in tissues of
periodically collected apparently healthy vegetaldt in fields.
Of the 17 species of vegetable collectBdyinia bacteria were
detected in 9 (spinach, turnips, cabbages, Jerusatéchokes,
potatoes, radishes, carrots and Chinese cabbages).

Clark et al. (1998) showed that isolation from sweet
potato roots that displayed typical bacterial root yielded
bacteria with similarity of 94.5% tdE. carotovora subsp.
carotovorausing the Biolog GN Bacterial Identification Syste
This isolate (Ecc-LH) differed from isolates Bf chrysanthemi
(Ech) from sweet potato and other hosts in thats insensitive
to erythromycin, did not produce phosphatase dathiease and
did not produce gas from glucose. Ecc-LH differemhf known
strains ofE. carotovorasubsp.atrosepticain that it did not
produce reducing substances from sucrose or aacddn fr
palatinose.

El-Hendawy et al. (2002)isolated thirty soft roErwinia
strains from diseased carrddgucus carota roots and pepper
(Capsicum annuupfruits. Pathogenicity tests showed that these
strains are able to induce soft-rot disease symptondifferent



vegetable species (maize, cucumber, melon, pepktomato)
indicating a wide host range.

2. Factors affecting growth and sclerotial formatim
of S. rolfsii in vitro

Higgins (1927)reported that mycelium @&. rolfsii grew
at temperature range of 84D and grew well at 20-3C. The
fungus grew in beef extract-peptone broth cultundially
adjusted to a series of levels over the range of gHo 8.8.

Johnson and Joham (1954)yeported that xylose was
more readily metabolizable sugars 8y rolfsii than arabinose.
Of the hexoses, galactose and glucose were supenoannose
and fructose while lactose proved superior. Groarihmaltose,
raffinsoe, dextrin, starch and inulin was interitar that on
glucose. They suggested th@t rolfsii was able to secrete a
considerable array of exogenous carbohydrates whigp play
an important part in the parasitic action of théhpgen.

Hernandez (1986) isolated S. rolfsii from bean
(Phaseolus vulgarjsand grown it on a medium based on leaves
supplemented with dextrose. Optimum pH was 4-6 gnosvth
was inhibited at pH 2 and pH 13.

Nwufo and Fajola (1986)mentioned thaS&. rolfsii grew
best with dextrin, at pH 5 and 3D. Sclerotial production was
maximum at 30C, with light and darkness alternating for 12
hours each.

Prasadaet al. (1987)found that mycelial growth ofS.
rolfsii was best at 3@ and pH 5, while most sclerotia formed at



25°C and pH 7. Sucrose was the best carbon sourcbotbr
processes.

Palakshappaet al. (1989)found thatS. rolfsiigrew well
at 25-30C and no growth occurred above’60

Yuan et al. (1990) reported thasS. rolfsii isolates grew
well at 28-32C, relative humidity 92%, pH 4-6, in darkness and
under aerobic conditions.

Hari et al. (1991) reported that groundnut shoot extract
was the best liquid medium for growth and scletqiraduction
by S.[Corticium] rolfsii. Growth was best at 3G, pH 6 and
with starch and dextrin as carbon sources and peptnd
potassium nitrate as nitrogen sources. Sclerot@dyction was
favoured at 28C and by starch, dextrin and peptone.

Dey et al. (1992) showed that mycelial growth db.
[Corticium] rolfsii was best on cornmeal agar, ta@olpcasia
esculenta leaf extract agar, malt extract agar and PDA |evtiie
most sclerotia were obtained in cultures on PDA.clya
growth and sclerotia formation occurred best ovéee t
temperature range 25-3D and pH 4-7.

Jyoti-Mishra et al. (1996) reported that maximum
growth and sclerotial formation of 2 isolatesSfrolfsii (SR1 &
SR2) were recorded on potato dextrose agar medildfa2°C
and pH 6.5. Glucose and potassium nitrate werdédisé sources
of carbon and nitrogen, respectively.



3. Relation between rot and biochemical compositionf
infected plants

Abdel-Aal et al. (1987)studied the chemical composition
of potato tubers of 5 varieties inoculated wih carotovorain
the laboratory. Cardinal cv. was most susceptiblesdft rot,
followed by Diamant, Arran Banner and Mirka. Thesde
susceptible varieties had higher contents of plseriotal sugars
and dry matter and lower dehydrogenase activity.

Prasadaet al. (1987)found that total, reducing and non-
reducing sugars, glucose and fructose, total anaicids and
phenols increased in both green and ripe tomats fduring
rotting by S. [Corticium] rolfsii.

Abo Ellil et al. (1998)showed that healthy tomato roots
contained more free and conjugated phenols tl@apgicum
annuum or (Phaseolus vulgarjsroots. There was a positive
correlation between levels of phenols and root indéction
caused by two isolates 8f rolfsii R. solaniandF. solani Total
phenols increased with infection in most systemsepk for F.
solanttomatoes. Generally, pathogen infection increased
polyphenoloxidase activity in roots.

Somani et al. (2000)found that soft rot and dry rot and
all rots put together were positively correlatedhwreducing
sugar and phenolic contents in tubers.

Chowdhury (2003) investigated the control of sclerotium
blight of groundnut by plant growth substances,, iiadole
acetic acid, cycocel, 2,4-dichloroacetic acid an4,32
trichloroacetic acid. Biochemical studies reveathldt treated



plants showed appreciable increases in the contehtotal
phenol, o-dihydroxy phenol and calcium and an iaseein the
activity of polyphenoloxidase activity [catechol idase]
compared with untreated plants. The activity of tpktic
enzyme, on the other hand, was significantly reduce

4. Enzymatic activity of rot pathogens

Scala and Zoina (1983)ecorded tha$. rolfsii produced
large amounts of polygalacturonases in liquid eekuwith
pectin or autoclaved bean hypocotyls as carboncsoand in
infected bean and squash tissues. They found al basa
polygalacturonase activity in cultures with glucoas sole
carbon source. In culture there was a single péactvity at
pH 5.23, while infected tissues had 2 peaks at {(#3 &nd 5.95.
Activity of all isoenzymes was highest at pH 4. Egoeak
exhibited both endo- and exo-polygalacturonaseides.

McGuire and Kelman (1983) found that the increased
susceptibility of potato tubers to maceration, eithby E.
carotovoraor by pectic enzymes prepared from the fungus, was
correlated with a decreased of Ca content of madtiisue

Bock et al. (1984) found thatE. carotovoraproduced
pectate lyase-containing pectolytic enzyme that arsted
potatoes and vegetables tissues.

Kararah et al. (1985)reported thaB. subtilisshowed the
greatest cellulase (Cx) activity, followed By carotovorasubsp.
carotovoraandB. pumilus in vivoor in vitro but all 3 isolates
exhibited polygalacturonase (PG) activity vitro. A positive
correlation existed between the pathogenicity astivity of PG
and Cx of the 3 bacterial isolates within the clossues.



Lei et al. (1985)purified polygalacturonase (PG) frof
carotovora They identified a hybrid cosmid, pSH711, that
encodes PG activity but not pectate lyase activityy anE.
carotovora genomic library by an immunological screening
method. A cell extract ofEscherichia colicells containing
pSH711 was able to produce plant tissue maceratiban
spotted on carrot, potato or turnip slices. In &ddj theE. coli
str. containing this plasmid was able to macerateot, potato
and turnip slices. These results suggest that P&ysphln
important role in soft rot disease

Punja et al. (1985) found that 5 isolates 05. rolfsii
differed in the amounts of endo-polygalacturonastG)(
endopectinmethylgalactu-ronase and cellulase pextiuc
adaptively in culture. High activities of these ymes also were
detected in diseased tissue. PathogenicSofrolfsii isolates
correlated greatly with their ability to produce ffeuent
quantities of oxalic acid and endo-PG and to grapidly,
whereas virulence was highly correlated with en@-P
production.

Satyabrata Maiti et al. (1986) observed that pectin and
sodium polypectate (NaPP) induced maximum polygalac
uronase activity; CMC-Na induced high cellulase #nd PG.
Optimum PG secretion was noted in 1% pectin + 0.Z3%C-
Na or 1% CMC-Na + 0.5% pectin, while induction ok @as
best in 1% CMC-Na and was reduced by addition atipePG
and Cx induction decreased with increasing conag&atr of
glucose and starch irrespective of the inducer.



Dopke et al. (1987) recorded that the high virulert.
chrysanthemipv. chrysanthemicaused blackleg infection on 7
potato cultivars was associated with highvitro production of
polygalacturonase .

Darmwal and Gaur (1989) found that filter paper
cellulase (FPCase) and carboxymethyl cellulase (@84
activities of S. [Corticium] rolfsii were maximum at pH 4.8 and
3.6, respectively, and at 55°C. Both activitiesraased 3-fold
when the concentration of filter paper and carboathyl
cellulose were increased by 6- and 5-fold, respelsti Enzyme
activities decreased with increasing incubationigaethough
sugar formation increased.

El-Abyad et al. (1992) found thatR. solaniwas more
efficient than C. rolfsii in producing cell wall-degrading
enzymes in infected hypocotyls of sugarbeet cuitkaumera,
with xylanase and galactanase the most effectilie.rdite of cell
wall degradation byR. solaniwas nearly 2.5 times that &.
rolfsii when cell walls of healthy hypocotyls were usedttes
sole carbon source for the crude enzymestro.

Ohazurike and Arinze (1992) stated thatpolygalact-
uronase (PG) enzymes 8f[Corticium| rolfsii macerated tissue
slices of taro, cocoyam, carrot and potato tubersvdrying
degreesin vivo andin vitro, while the macerating effect was
more markedn vitro.

Saleh (1995) reported that E. carotovora subsp.
betavasculorumproduced extracellular pectic enzymes when
tested on a pectin solution at pH 5 and 8 and sHowe
transeliminase activityin vivo and in vitro with a higher



specificity towards sodium pectate than pectin wimerasured at
230 and 235 nm, suggesting that it also producégyalact-
uronate trans-eliminase.

Ohazurike and Arinze (1996) observed that crude
aqueous extracts from the peripheral rot zone obgam tubers
(Colocasia esculentandXanthosoma sagittifoliujrwere shown
to be inhibitory to dialyseth vivo polygalacturonase (PG) &
rolfsii [Corticium rolfsiil. This inhibitory activity and the phenol
and peroxidase activities were higherdnsagittifoliumthan in
C. esculentaextracts. The levels of these enzymes decreased by
increasing the postharvest age of the tubers.

Wegener and Jansen (1996)reported that plant
pathogenicE. carotovorabacteria secrete a mixture of enzymes
including pectinases, cellulases and proteasesdmade the cell
walls of host plant tissue.

Gubitz et al. (1997) found that xylanase from
Thermomyces lanuginosusnd a mannanase froi8. rolfsii
[Corticium rolfsi] acted synergistically on the pulp solubilizing
50% more mannan and 11% more xylan than did thichél
enzymes.

Ugwuanyi and Obeta (1997)stated thatA. niger, B.
theobromagC. rolfsii, Geotrichum candidupf. oxysporunmand
F. solaniisolated from rotten cocoyam€dglocasia antiquorum
produced high levels of hydrolase, lyase and pesterase in
cocoyam tissue medium as well as lyase and pettiase in
pectin medium. Maximum pectinesterase activity war&ained
from B. theobromaeand C. rolfsii in pectin medium. All the
tested isolates produced cellulase in a medium agany



carboxymethyl celluloseC. rolfsii showed significantly high
activity followed byF. oxysporumandA. niger.

Nabanita et al. (1999)discussed the role of pectinolytic
(polygalacturonase and pectin methyl esterase)catidlolytic
(Cx) enzymes produced Wy. oxysporunit.sp. ciceri, S. rolfsii
[Corticium rolfsii] and M. phaseolinain pathogenesis of the
respective diseases on chickpeas. Enzyme produciians
highest byS. rolfsiifollowed byM. phaseolina

Abd El-Khair and Nofal (2001) reported that
polygalacturonase (PG) activity dfseudomonas syringaev.
delphinii was greater thaR. carotovorasubsp.carotovora The
cellulytic (Cx) enzyme were produced by the baeteri
pathogens. It is clear thd. carotovora subsp.carotovora
produced a high of Cx enzyme comparing vRth syringaepv.
delphiniiisolates.

El-Hendawy et al. (2002)detected pectin methyl esterase
[pectinesterase] and polygalacturonase activitiethe extracts
of carrot roots and pepper fruits that infectechwiitree strains of
Erwinia and were not detected in culture supernatants.

5. Chemical control of rot pathogens:
5.1. Using fungicides

Sivaprakasam and Kandaswamy (1983)obtained
control for collar rot of sweet potato causedSyrolfsiiin fields
by soil drenches with Vitavax [carboxin] or Plantva
[oxycarboxin].

Motikhaye (1983) examined the effects of 6 fungicides
(Bordeaux mixture, Dithane Z-78 [zineb], Vitavaxafboxin],



Bavistin [carbendazim], BAS 70 F and aureofungim) the
germination and growth ofolletotrichum capsiciC. indicum
Helminthosporium sativum [Cochliobolus sativys
Macrophomina phaseol{M. phaseoling and S. [Corticun]
rolfsii. The best results were given by aureofungin amiolosan.

Fahim et al. (1984) found that growth ofS. rolfsii the
causal agent of damping-off on sugar bdz#td vulgari$ was
completely inhibited on solid and liquid media byrHai 80
(thiophanate-methyl + thiram) at 25 ppm, Orthoci&e(captan)
at 10 ppm, Vitavax (carboxin) + Captan at 0.5 ppmna dy
Carboxin + Thiram at 1 ppm. Meanwhile, when thesmdpcts
were used as seed treatments at 3 and 6 g/kg yesukting or
glueing (modification of pelleting method) pre-egence
damping off in infested soil was greatly reducedy/doy the glue
treatment.

Sannegowda and Pandurangegowda (1984gsted 9
fungicides against wilt or foot rot disease caubgdS. rolfsii
(Sacc.), Bayleton (triadimefon) was highly effeetiin vitro,
followed by Sicarol [pyracarbolid] at 1000 ppm. Dad (2787)
[chlorothalonil], Fytolan (copper oxychloride) andifolatan
[captafol] were also effective at 2000 ppm.

Csinos (1985)compared Tolclofos-methyl with PCNB
[quintozene] in lab and field tests against the ugonut
pathogens. There was little difference in theircaffy againss.
rolfsii but tolclofos reduced radial growth Bf solanimore than
PCNB at 0.1, and 1 pg/ml. Tolclofos-methyl at 5¢p&i./ha or
less was more effective in the field.



Neweigy et al. (1985) applied 6 fungicides as seed
dressing, Bavistin [carbendazim], Topsin M [thiophte-
methyl] and Tecto [thiabendazole] were the moseaiVe in
increasing fresh and dry wt, root and shoot leragtt nitrogen
content in pea and soyabean plants. They also wepreeed
germination and plant survival under soil infestatiwith a
mixture of R. solanj F. solani and S. [Corticium| rolfsii but
showed poor protection againGt rolfsii alone using Vitavax,
Captan and Vitavax 75%.

Srikant Kulkarni et al. (1986) tested 19 fungicides
againstS. rolfsii in vitro. Vitavax [carboxin] performed best
completely inhibiting growth at 50 ppm followed Bayton
(Baytan [triadimenol + fuberidazole]) and benodanil

Abou-Zeid et al. (1987)tested the inhibitory effect of 3
fungicides on the growth ofF. solanj M. phaseoli [M.
phaseoling R. solani and S. [Corticium] rolfsii in vitro to
evaluate their effectiveness against damping offs@fbeans.
The results varied depending on the fungus, fudgicand
fungicide concn. Rovral (iprodione) was most effest
followed by Vitavax 300 (carboxin + captan) whileotBc
[dicloran + captan] was the least effective in trespect. Seed
dressing before sowing decreased the incidencarapihg off.

Amr et al. (1987)recorded that 10 fungicides inhibited
mycelial growth ofR. solanj S. [Corticium] rolfsii andPythium
ultimum to different degrees vitro. Monceren (pencycuron),
Monceren + Captan, Rizolex (tolclofos-methyl) andtaVax
(carboxin) + Captan were the most effective agaiistolanti



while, Rizolex, Quinolate v4x (copper oxyquinolatecarboxin)
and Monceren + Captan gave best contr@ ofolfsii.

Dalvi and Raut (1987)evaluated 6 fungicidem vitro,
Vitavax [carboxin], Hexathir [thiram], Hexacap [¢ap] and
Emisan-6 gave effective control & [Corticium] rolfsii in pot
experiments when used as seed dressings.

Radwan et al. (1987)reported that Vitavax [carboxin] +
Captan inhibited five teste8. rolfsii isolates from groundnut
collected from different localities in Egypt.

Sahu et al. (1990) found that Delsan-30 [2-
thiocyanomethylthio benzothiazole], Vitavax-75SDarfmoxin],
Thiram and Thiram + Bavistin [carbendazim] comgdiete
inhibited in vitro growth of S. [Corticium] rolfsii and inhibition
zones were observed around groundnut seeds tredtedhese
fungicides. Benlate [benomyl] and Captaf [captankrev
moderately effective, while Jkstein 50 WP and Top$il
[thiophanate-methyl] were ineffective. In pot taal pre-
emergence mortality was reduced to 16.5% followthegitment
with Bavistin + Thiram, compared with an untreatedtrol with
62.5% pre-emergence mortality.

Deshpande and Tiwari (1991)tested Rizolex-S-3349
(tolclofos-methyl) as dust and wettable powder,t&080 WP
[captafol], Bordeaux mixture and palasBufea monospernia
water-soaked root extradn vitro and in vivo against S.
[Corticium] rolfsii. Rizolex in both forms completely controlled
infection of piper beetle bg. rolfsii but less a.i./ha was required
of the dust form than the wettable powder. CapteBalrdeaux
mixture andB. monospermaxtract were almost ineffective.



Henriquez and Montealegre (1992)ested 11 fungicide
in vitro for controlling S. [Corticium] rolfsii, carboxin + thiram
(as Vitavax T), mepronil (as Basitac), oxycarbofdas Plantvax),
tolclofos-methyl (as Rizolex), triadimefon (as Betgin) and
triadimenol (as Baytan) were effective.

Rahman et al. (1994) tested the effect of Vitavax-200
[carboxin], Apron-TZ [metalaxyl], Dithane M-45 [meozeb],
thiram, captan and Baytan 10DS [triadimenol] ontfand root
rot disease ¢. rolfsii) on cowpea Yigna unguiculata over 3
years. Vitavax-200 was the best in this respeabpGrield was
also significantly increased due to seed treatntentontrol
seedling damping off.

Ahmed et al. (1994) found thatin vivo sunflower seed
dressing with the fungicide Rhizolex [tolclofos-img] (3 g/kg
seeds) gave the best results in controlling thepdagroff and
reducing the percentage of infected plamith S. rolfsii

Srikanta Das et al. (1995)tested 6 fungicides and their
combinations for controlling root rot of sugarbeeatused bysS.
rolfsii [Corticium rolfsi]. Carboxin (Vitavax) and tolclofos-
methyl (Rizolex) applied as a soil drench at 5 kgét 70 and
100 days gave good control of the disease (75%j)easing the
root yield and sugar content by up to 350%. Canbaxicaptan
(50% each), carboxin + carbendazim (50% each) arfabgin +
thiram (50% each) at 5 kg/ha also reduced dise#setion by
40-55% whereas thiram + captan, captan + carbemdarid
thiram + carbendazim combinations reduced dise@sasity by
25-30%.



Das and Panda (1997¢valuated six fungicides vitro,
Tilt (propiconazole), Opus (epoxiconazole), BIitb&- (copper
oxychloride), Calixin (tridemorph), Indofil M-45 (amcozeb)
and Bavistin (carbendazim), at 5 concentrationsngg&. rolfsii
[Corticium rolfsii], causal agent of collar rot of tuberose
(Polyanthes tuberosd. Epoxiconazole at 50upg/ml and
propiconazole and mancozeb at 100 pg/ml compleéndlpited
mycelial growth. Carbendazim and copper oxychlondere
moderately effective at 500 pg/ml.

Sabet et al. (2000) tested in vitro and greenhouse
experiments the effect of Tolclofos-methyl, thiophte-methyl
and metalaxyl + copper oxychloride on the growtlpathogenic
fungi (F. solani R.solaniandS.rolfsii [Corticiumrolfsii]). They
found that metalaxyl + copper oxychloride in conation
effectively reduced damping off and root rot diseaaused by
F. solani R. solaniandC. rolfsii.

El-Habbaa et al. (2002) evaluated 7 fungicides i.e.,
Topsin-M, Rizolex-T, Benlate, Vitavax-T, MoncereMaxim
and Apron on the growth d?. solanj S. rolfsii [Athelia rolfsil,

F. solani M. phaseolinaandB. theobromaén vitro. They found
that Maxim was the most effective as it preventeelin vitro
growth ofF. solani M. phaseolinaB. theobromagS. rolfsiiand

R. solaniat 1-5 ppm, followed by Benlate at (10-800 ppm),
Vitavax-T (25-200 ppm) and Rizolex-T (200-800 pprApron
and Monceren had no or little effect and failedpt@duce a
considerable reduction in growth of all tested fuegen at 800

ppm.



Bhoraniya et al. (2003) evaluated the efficacy of
carbendazim (0.050%), thiophanate-methyl (0.075%0pper
oxychloride (0.200%), carboxin (0.075%), mancoz@t2Z5%)
and captan (0.225%) against stem rot disease (@aogeS.
rolfsii  [Corticium rolfsi]) in chili cv. Reshampatta.
Thiophanate-methyl resulted in the highest diseasatrol
percentage (84.56%), followed by carboxin (84.26%).

5.2. Using bactericides

Farag et al. (1986) found thatE. carotovorasubsp.
atrosepticawas round in refrigerated potato stocks storeceund
improper ventilation conditions. The bacteria prwensitive to
ampicillin, streptomycin and, to a lesser extehtpamphenicol
and penicillin. Although the application of ampiicil and
chloramphenicol at 25 ppm gave good control of tuis,
chloramphenicol at 50 ppm completely inhibited rot
development.

Tanaka and Saito (1985)found that streptomycin
sprays were ineffective in controlling of bactersdft rot on
onions caused b. carotovora.

Banerjeeet al. (1990)reported that blue copper, captan,
thiram, ferrous sulfate, potassium permanganatezarwdsulfate
inhibited growth ofE. carotovorasubsp.cartovorain vitro. The
antibiotices comycin, ampicillin and althrocen wemdso
inhibitory, even at 1 ppm.

Lewocz (1992) reported that Copper oxychloride +
cymoxanil (as Curzate Cu), copper oxychloride moyanil +
oxadixyl (as Kipost Cu), copper oxychloride + matll (as
Ridomil plus 45) and copper oxychloride + oxadix{ds



Sandofan Copper) inhibited development Bf carotovora
subsp. atrosepticain vitro. Copper oxychloride + metalaxyl,
metiram (as Polyram Combi) and copper oxychloride +
cymoxanil reduced infection in field experiments.

Abd El-Khair (1993) proved that the mixture of diluted
ingredients of streptomycin and copper compoundse viagghly
effective againsk&. amylovora Laboratory studies on excised
pear fruits confirmed this finding.

Almeida et al. (1994) studied the sensitivity OE.
carotovorasubspcarotovorato some chemicals vitro, and the
best results were obtained with copper oxychlotideancozeb,
oxytetracycline, oxytetracycline + streptomycin awodpper
sulfate + oxytetracyclinelhese products were also testedivo
under field conditions and the oxytetracycline fegtomycin
showed the best control.

Alice and Sivaprakasam (1995)ested four antibiotics
againstE. carotovora pv. carotovorghe causal agent of soft rot
of onion. Streptomycin sulfate (90%) and tetracyli
hydrochloride (10%) (streptocycline) recorded theximum
inhibition zone of 27.66 mm. In enzyme studies, mi@ximum
inhibition of pectinlyase (PL), polygalacturonasG) and
protopectinase production was recorded by the samibiotic.
The antibiotics had a significant influence on gneduction and
activity of cell wall degrading enzymes produced phant
pathogenic microorganisms.

Das et al. (1995)revealed that bacterial wilt caused by
Ps. solanacearum[Ralstonia solanacearumwas the most
important disease of aubergines in Assam, Indme dbility of



14 antibiotics to contrajrowth ofR. solanacearum in vitrwvas
determined. The results indicated tHat solanacearumwas
sensitive to tetracycline, streptomycin, chloraemhbol,
rifampicin, spiramycin and vancomycin. Tetracyclimas the
most effective.

Ahiawat et al. (1997)found that ampicillin, neomycin,
streptomycin, streptocycline and tetracycline (30np medium)
restricted the growth of Bacillus isolates which were isolated
from contaminated mushroom in India without affegtithe
mycelial growth of the 3 mushroom strains testedtil#iotics
alone were not effective in controlling bacteriatogth.
Autoclaving + antibiotics were effective; the bestults were
obtained when antibiotics were added after autaotavAmong
the antibiotics tested, ampicillin, streptocyclingreptomycin
and tetracycline were the most effective.

Panic and Antonijevic (1997)studied the bacteriostatic
(inhibitory) effects of 12 antibiotics (antimicraicompounds)
and 18 antibiotic remedies (agents) on the growh strains of
E. amylovoraunderin vitro conditions, on nutrient agar (NA) at
22°C. The most effective degree of inhibitory aetmn growth
of the bacterial strains on the medium was indubgdthe
remedy Visiren (ofloxacin), much more than thendtad,
streptomycin sulfate. Geomycin (oxytetracyclinépngacef
(cephalosporin) gentamicin and Doxycycline (tetracycline)
showed similar effects to the standard. All othempounds
showed weaker antibiotic effects. The strains rsasteptible to
the antibiotics were MS-1, JAB-1, DU-1 and GL-2ile KS-3a
and KS-4a were least susceptible. It was recompeteridat



Visiren, Longacef and gentamicin be investigataduse for the
chemical control oE. amylovoraon fruit trees and ornamental
shrubs.

Barakat et al. (1999)found that the mixtures of strepto-
mancoper (50:300 and 50:400ppm) could protect pdiabers
from decay caused bl. carotovorasubsp.carotovora.Also,
they obtained the same results when used Manco280apm.
This finding has proven that strepto-copper compomxture
could be recommended for protection of vegetablesnf
bacterial soft rot.

Chao Yungchunet al. (1999)reported that lincomycin
(1000 ppm) and streptomycin (125 ppm) inhibited gh@wth of
E. chrysanthenin thein vitro paper disc test.

Chen and Lin (2000)reported that among 8 bactericides
and 12 microbial pesticides screened, 3 including% 1
streptomycin + tetracycline, 63% copper oxychloride
mancozeb and 12.5% streptomycin showed high eificac
inhibition of the growth of soft rot bacterium. Apgation of
chemical mixture C-mix 1 (a mixture of 12.5% st@pycin
500x, 10% streptomycin + tetracycline 500x and 40%
oxinecopper + copper hydroxide 500x) stimulatecetuiudding
and reduced disease incidence of soft rot.

Singh et al. (2000)evaluated five antibiotici vitro and
in vivo againstPs. solanacearunm(Ralstonia solanacearum
Streptomycin and streptopenicillin were superioerothe other
antibiotics against the pathogen under both camtiln vitro,
500 and 1000 ppm concentrations of streptomycin and
streptopenicillin  were most effective in controgin the



bacterium. Penicillin G, tetracycline and plantomydid not
inhibit the bacterial wilt at any of the concenivat tested.

Abd EI-Khair and Nofal (2001) tested different
bactericides, i.e., chloramphenicol, neomyciniatstcline and
streptomycin sulfate in 30 pg/disc vitro againstPs. syringae
pv. delphiniiandE. carotovorasubspcarotovorathe pathogens
of necrotic and soft rot tissue disease of flowdmstracycline
gave an excellent effect against the two bactgathogens,
while chloramphenicol was effective agairfds. syringaepv.
delphinii while, both of neomycin and streptomycin sulfaterev
not effective.



MATERIALS AND METHODS

1. Isolation of fungi and bacteria associated to tted
dahlia tubers:

1.1. Isolation and purification of fungi

Samples of naturally infected dahlia plantBallia
pinnata L.) were collected from three different farms (Fac
Agric., Moshtohor, El-Dair and El-Manashy) locaiedKalubia
Governorate. Infected tubers were thoroughly wasksdg tap
water to remove adherent soil and then air-driedalSpieces
(1cm thick) were surface sterilized by dipping if% Zodium
hypochlorite solution for 2 min. and rinsed sevetiates in
sterilized distilled water then dried within stexdd filter papers.
These sterilized pieces were then transferredadyr®DA plates
and incubated at 28 for 5-7 days. Observations were daily
recorded and any emerged fungus was picked up alhagred
onto fresh PDA plates. All isolated fungi were fhed using
either the single spore method and/or the hyplpatechnique
(Hawker, 1950).

The purified, isolated fungi were identified acaogl to
their morphological features using the descriptadnGilman
(1957)and the genus description B&rnett and Hunter (1972).
Stock cultures were maintained on PDA slants anpt ke
refrigerator at 5C and subcultured every 30 days.

1.2. Isolation and purification of bacteria

For the isolation and purification of the pathogeni
bacteria;small pieces (1cm thick) from the previously prejhr
samples for isolation of fungi were used. Theséelizied pieces



were then transferred to ready nutrient agar (NA&dmm and
incubated at 3 for 48 hrs. Observations were daily recorded
and any emerged colony was picked up and cultuntd foesh
NA plates. All picked colonies were purified usitige single
colony technique.

2. Pathogenicity test of isolated fungi

Three fungal isolates, namelySclerotium rolfsii
Fusariumspp.andRhizoctonia solanivere chosen and tested for
their pathogenicity on dahlia tubers.

Apparently healthy tubers were thoroughly washadgusap
water to remove adherent soil, then rinsed severas in
sterilized distilled water, dried between sterilizdter paper
and then surface sterilized in 95% ethyl alcohal Zomin.
After drying, tubers were cut into slices (appréxm@ and
about 5 mm thick) using sterilized knife. Each sliwas
transferred to sterilized Petri plate under sepbaditions.
The slices were inoculated with fungal disc (6 mrtaken
from 7-days old cultures of the three tested fuogithe
center of each slice. Slices without inoculatiomved as
control. Four slices were used as replicates foh @articular
treatment. Inoculated and non inoculated tuberesliwere
incubated at 2& for 4 days. Rot incidence was measured as
the percentage of rotted tissue area, mean oftedearea
(IA) and percentage of infected area (IA). Re-isolaof the
same fungi from artificially inoculated tuber skcewas
undertaken and the resulted fungi were comparet thie
original isolates.



3. Physiological studies of pathogenic fungi

S. rolfsiiisolated from rotten dahlia tubers was used in the
following physiological trials according to its pagenic
potentialities. In this respect, the effect of eifnt media,
temperature, relative humidity, carbon and nitrogearces, pH
values and light colors on the linear growth anderstial
formation of the tested fungus were studied. Thegesl were
inoculated with an equal disc (6 m@ of 4-days old PDA
culture of the tested fungus. Three replicates weedl in these
experiments, all plates were incubated at13C.

In all physiological experiments, the mean of linea
growth was measured after 2 and 4 days post iaboanl
While, sclerotia formation was estimated after 1&yd post
inoculation.

e Used media:

1- Dahlia tuber extract agar: 200g of dahlia tulveese boiled in
one liter of distilled water, filtered using cheeseth then 20g
dextrose and 20g agar were added to the filteredeand
made up to 1000ml with distilled water.

2- Peptone dextrose agdohanson, 1957):
59 peptone, 10g dextrose, 1g ¥, 0.5g MgSQ.7H,0,
20g agar, 1ml/100ml medium of 1/30000 rose bendatioh
and distilled water up to 1000ml.

3- Potato dextrose agar POJRiker and Riker, 1936):



Filtrates of boiled 200g potato slices in onerlité distilled
water, then 20g dextrose and 20g agar were adddtieto
filtered extract and made up to 1000ml with distlwater.

4- Plain agar medium: 20g agar and distilled wapeto 100ml.
5- Barnes agafRangaswami, 1984):
1g NHNOs, 1g glucose, 1g KN§) 1g KsPO,, 20g agar and
distilled water up to 1000ml.
6- Brown’s agar mediurfRangaswami, 1984):

2.0g glucose, 2.0g asparagine, 1.25:P®;, 0.75g
MgSG,.7H,0, 20g agar/L and distilled water up to 1000ml

7- Conn’s agar mediurgBilgrami and Verma, 1980):
2.0g KNG, 1.23g MgSQ7H,O, 2.72g KHPO, 7.29
maltose, 10.0g potato starch, 15.0g agar andldistivater up
to 1000 ml.

8- Czapek’s agar mediu(Raper and Thom, 1949):
30g sucrose, 0.5g KCI, 0.5g Mg&TH,0, 2.0g NaN@, 1.0g
K,HPG,, 0.01g FeSQ 5H,0, 15.0g agar/L and distilled water
up to 1000 ml.

3.1. Effect of different media

Eight different media i.e., dahlia tuber extradgip agar
(natural media), potato dextrose agar and peptergase agar
(semi synthetic media), Barnes, Brown’s, Conn’s] @zapek’s
agar media (synthetic media) were used to study #éfiect on
both linear growth and sclerotia numberSofrolfsii The acidity
of all tested media were adjusted at pH 6.8 andhated at
30£1°C for 10 days.



3.2. Effect of different temperature degrees

PDA medium was used to study the effect of differen
temperature degrees on growth and sclerotia foomadf S.
rolfsii. Seven-temperature degree i.e., 10, 15, 20, 2533@nd
40°C were tested. Three replicates of Petri dishegwsed for
each particular treatment. These plates were iatedl with
equal discs (6mnp) of 4 days-old culture. The linear growth and
sclerotia number were recorded as mentioned before.

3.3. Effect of different levels of relative humidiy

In this experiment, eight different levels of relat
humidity (RH), i.e., 14, 50, 74, 80, 85, 90, 95 &arid% were
prepared according t8olomen (1951) Petri dishes containing
PDA were inoculated with equal discs (6nmgnof 4 days-old
culture of the tested fungus. 10 ml of the prepa@dtion was
poured in each lid of inverted dishes to obtain desired RH
level. The lid was tighten to the dish with the aidadhesive
tape (cellotape). Linear growth and sclerotia numiaeorded
were as mentioned before.

3.4. Effect of different pH values

A series of buffer solutions of 5 different pH vedy i.e.,
4, 5, 6, 7 and 8 were prepared from two stock gwist
according taJu-Luric (1978) as follows:

Solution A: was prepared by dissolving 9.4639¢ of
Na,HPO,.2H,0 in one liter of distilled water.

Solution B: was prepared by dissolving 9.0739g &f,R0O, in
one liter of distilled water. The solutions werexed at the



following proportions to obtain 100 ml of the sdexd pH
values.

Table (1) show preparation of pH values

pH values Solution A (ml) Solution B (ml)
4 0.07 99.93
5 0.93 99.07
6 12.10 87.90
7 61.20 38.80
8 96.90 3.10

A modified Czapek’s medium (each 100ml contain6g3.
sucrose, 0.05g KCI, 0.05g Mge®@H,0, 0.2g NaNQ@, 0.001g
FeSQ.5H,0 and 1.5g agar) in phosphate buffer at differett p
values were prepared and autoclaved in the usugl Whe
medium pH was checked after sterilization. It wasind
necessary to add aseptically 0.1N hydrochloric &wi@zapek’s
medium (not buffered) to bring down its pH valuepd 4 as
well as 0.1N of NaOH was added to the same mediuraise its
pH value to 8. The medium were poured in platesnthe
inoculated with equal discs (6mmh of 4 days-old cultures of the
tested fungus. The plates were incubated al30 for 10 days.
Three replicates were made for each particulartrtreat. The
linear growth and sclerotia numbers were recordedsaal.

3.5. & 3.6. Utilization of different carbon and nitrogen
sources



Eight different carbon sources, i.e., sucrose, gy
glucose, starch, maltose, lactose, dextrin andravab as well as
9 different nitrogen sources, i.e., casein, peptdeef extract,
yeast extract, asparagine, gelatin, ammonium ajtrabdium
nitrate and urea were individually substituted w&@uivalent
weight of carbon or nitrogen in Czapek’'s mediumtdst their
effect on growth and sclerotia production of thsted fungus.
Media containing carbon or nitrogen sources wegxilizied
filtration using sintered glass funnel. Control hatit any carbon
or nitrogen source was used. Linear growth andatidenumber
were estimated as mentioned before.

3.7. Effect of light colors

Plates containing sterilized Czapek's agar medium
were inoculated with equal discs (6 mng) of the test fungus.
The inoculated plates were enveloped with differenthin
transparent cellophane paper i.e., hyaline, red, ble, yellow
and green colors. Another group of plates was enwged
with black paper. The plates were incubated under
continuously illuminated 60 cm long white florescenlamp,
hanged 30 cm high above the incubated plates at 80°C.
Linear growth and sclerotia number were determinedas
mentioned before.

4. Factors affecting disease severity

S. rolfsii isolate was chosen as highly virulent pathogen

from the three tested fungi which, causing tub¢mfalahlia for
studying some factors affecting disease incideriee levels of
wounding and inoculum density.



4.1. Effect of wounding

Five levels of wounds were made on dahlia tuberghvh
were previously washed and sterilized as mentidoeddre, i.e.,
superficial wound, needle wound, cyclic deep wouBdim
diameter), long deep wound (5mm long) and long deepnd
(10mm long) and not wounded tuber. Unwounded tulberse
used as a control. All treatments were inoculatéd equal disc
(6 mm @) of S. rolfsii (4 days old culture) and incubated in a
plastic moist chamber at 30°C (El-Habbaa, 1995) Mean
linear of infected area and weight loss of infecteblers were
estimated after 3, 5, 7, 9 and 11ldays post indoulaccording
to Zhou and Reeleader (1990)

% Reduction weight RlF; R, x 100

1
Where, R= tuber weight before inoculation
R,= tuber weight after inoculation

4.2. Effect of inoculum density
4.2.1. On dahlia tubers underin vitro conditions

S. rolfsii sclerotia were added individually at different
rates i.e., 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10 stikerto only long
deep wound (10mm long) of dahlia tubers which, weashed,
sterilized and prepared previously for this purpodésmunded
tubers without inoculation were used as control.e€heplicates
for each treatment. All treatments were incubated iplastic
moist chamber at 31°C. Mean linear of infected area and

weight loss in infected tubers was estimated as tioresd
previously.



4.2.2. As soil treatment under greenhouse conditien

In this experimentS. rolfsiiisolated from infected dahlia
tubers in Moshtohor farm was cultured onto stexdizorn meal
sand mediunm(Riker and Riker, 1936) in 500cc bottles (each
containing 200g corn meal sand medium) and incubate
30+1°C for 15 days. Pots (25 cg) were potted with soil (3 kg)
then, each pot was infested with tested isolateculum
separately at five different rates i.e., 1, 2, 35% (w:w) soll.
Potted soil infested with uninoculated media serasdcontrol.
Surface sterilized healthy tubers were sown initiested and
un-infested pots. The disease incidence expressddaakplants
were recorded after 21 days.

¢ Disease Assessment:

Disease assessment was carried out as percentdgadf
plants and survived plants. The readings were taken2 and 7
weeks respectively as follows:

Deadplants%= No.of o_leaqolants x 100
Totalcultivatedplants

No.of survivedplants><
Totalcultivatedplants

100

Survivedplants%=

5. Pathogenicity and host range of isolated bactexi
5.1. Pathogenicity test
Dahlia and potato tubers were surface disinfected b

flaming, then cutted using sterile knife into 1dnick slices
with almost equal diameter. Each slice was placedhe



surface of moistened sterilized filter paper intetrRdish.

Bacterial dilution was prepared from each one olai®d

bacteria at rate 1.% 10° cfu/ml, then 0.5ml of bacterial
dilution was used for artificial inoculation by jging at the
center of each slice. Three slices were used fon éasted
bacterial isolate as well as control. All treatngemnwere

incubated at 3W for 4 days, then examined daily.

Disease assessment of rotted tubers were expressed
according td_elliott and Dickey (1984)as follow:

(-): Negative infection

(+): Low positive infection

(++): Moderate infection

(+++): Highly infection
5.2. Host range

Tubers, fruits, bulbs and corms of different plaasts
were inoculated with each of seven tested bacteytdhtes
for their pathogenicity (belong to different farmesi as
revealed by identification) to determine whetheeythare
capable for attacking other hosts. Tubers of pof@tdanum
tuberosun), sweet potato lfomoea batafs carrot Dacus
carrot), fruits of squash Gucurbita pep® dahlia tubers
(Dahlia pinnatg, sugar beetBeta vulgari$, cucumber fruits
(Cucumis sativys onion bulbs Allium cepaég as well as taro
corms Colocasiaantiquorun) were used.

Bacterial dilution (0.5 ml at the rate of 18 10°
cfu/ml) of each isolate was pipetted individualiytlze center



of each slice. Three slices were used for eachesfed
isolates as well as control. All treatments wereubated at
30°C for 4 days then examined. Disease readings were
expressed as mentioned above.

6. Identification of pathogenic bacteria

Identification of the bacterial isolates were coctéd on
the bases of their morphological, nutritional ard/gological
characteristics according to schemes suggestedSdiaad,
(1980) Fahy and Persley (1983) Krieg and Holt (1984),
Leliott and Stead (1987) This identification test was carried out
only for the pathogenic bacteria, which verifie@itrabilities on
infection as mentioned above as following:

6.1. Morphological characteristics
Different morphological characteristics of the
subjected bacterial isolates i.e. cell shape, Gséain and
spore formation was carried out.
6.2. Cultural characteristics

Various cultural properties of the examined is@atee.
the growth colony shape on different media, oxygen
requirements and growth at different temperaturesewalso
studied.

6.3. Physiological and biochemical characteristics

The following physiological characters and biocheahi
activities were used as bases for bacterial claagins:

1. Acid production from sucrose.
2. Reducing compounds from sucrose.



3. Degradation of macromolecules:
I- Gelatin hydrolysis test.
ii- Starch hydrolysis test.
4. Other tests:
- Catalase test.
- Salt tolerance test.
- Phosphates test.
- Pigment production.
- Soft rot symptoms on potato slices.
- Relation to free @
- Hydrogen sulfide production ¢9).

- Levan formation.

- Reducing compounds from sucrose.
- Acid production from carbohydrates.
- Potato dextrose agar (PDA).
- Yeast extract dextrose-Cag(¥DC).
- Nutrient-broth yeast extract agar (NBY).
- King’s medium B agar (KB).
- Miller-Schroth (MS) medium.
- Gas from d-glucose.
- Peptone yeast extract agar (PYEA).
- Pectate degradation.
6.4. Protein pattern and electrophoresis analysis

For emphasizing identification of pathogenic baater
bacterial cell suspensions of seven bacterialtsga.e. Erwinia



carotovora(4&12), Bacillus polymyxd7&9) andPseudomonas
cepacia(10,11&14) were used for extracting the bacterial
proteins. Fractionalization of bacterial proteinsveechieved
using sodium dodecyle sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) technique as descriged b
Laemmli (1970)at the Agricultural Genetic Engineering
Research Institute (AGERI), ARC, Giza, Egypt.

In this study, the tested bacterial isolates vieftdo grow
at 30C for 48 h in Erlenmeyer flasks (100 ml) where,heane
contained 50 ml of Luria broth medium (LB). The lnBedium
contained 10g bacto tryptone, 10g NaCl, 5g yeastetx 1000
ml distilled water and the pH value adjusted atf)H

Preparation of protein extracts:

Protein extracts was prepared according to the adetif
Miniatis et al. (1989)by the following way; one ml of each one
of cultured bacteria was centrifuged at 12000 rpnB8D seconds
in a microfuge. The supernatant medium was rema@reti the
precipitated protein pellets were resuspended bieximg in 0.5
ml of ice-cold 50 mM Tris.Cl (pH 7.4). Then centigfed again
at 12000 rpm for 30 seconds atQ0in a microfuge. The
supernatant was removed and the precipitated prgiellets
were left to dry as possible. The extracted propsfiets were
resuspended again by vortexing ini@#%f H,O. As soon as, the
pellet is dispersed, 28 of SDS gel-loading buffer is added and
vortexing is continued for 20 seconds. The extdgbeotein
samples containing soluble protein were stored2@tG until
usage.



Electrophoresis of native protein

The thawed protein-extract supernatant was mixed am
equal volume of a solution containing 20% glycel) and
0.1% bromphenol blue (v/v) in 0.15 M Tris—HCI, pH86
Twenty microliters of the resulting suspension (40of protein)
was subjected to electrophoresis was conducted oai r
temperature (approximately 20<Z5, for 9 hrs on an 15%
polyacrylamide gel with a 6% stacking gel at 10 &@mA,
respectively, until the dye reached the bottomhef $eparating
gel. Electrophoresis was performed in a verticab shold (20x
18 x 0.2 cm). Coomassie brilliant blue R-250 (Sigma Gical
Co., St. Louis, Mo.) prepared in a 1: 4. 6 mixtofed0% acetic
acid, 70% methanol and water then re-stained fors6with a
similar mixture of acetic acid, methanol and wateaemmli,
1970 and Latorreet al., 1995).

Densitometer scanning

In the electrophoresis studies, Jacard index (Bnyf pair
densitometer tracing of protein patterns was cosgpuly a
computerized program and the resulting matrix ofredation
coefficient was used for evaluating the level omitarity
between any pair of isolatédadacova,et al., 1980)

Jacard index (1) ;
A+B-C
Where:
C = No. of similar band between the two taxon to be
compared.

A = No. of bands present in on taxon.



B = No. of bands present in the compared taxon.
Cluster analysis

Electrophoretic protein patterns of the seven mgh®
bacterial isolates were clusterédbsephet al., 1992) by the
average linked technique (un-weighed pair-grouphoebt The
results were expressed as phenograms. Cluster sealas
performed with a computerized program.

7. Biochemical changes in dahlia tubers:

Biochemical changes in sugar content and phenolic
compounds were studied in relation to infectionhv@tlerotium
rolfsii in diseased dahlia tubers as follows:

Extraction:

Samples of 1g were taken from artificially inoceldt
tubers 4 days post inoculation. Healthy tubers frominfested
samples were taken as control for comparison.akiéh samples
were cut to small portions, transferred to 50 mB6%6 ethanol
in brown bottles and kept in darkness at room teaipes for
one month then homogenized in sterile mortar asmetended
by Bozarth and Diener (1963) The ethanolic extracts were air
dried at room temperature till near dryness and theere
quantitatively transferred to 10ml 50% isopropaaadl stored in
vials at 2C. The obtained extracts were used for the follgwin
determinations:

7.1. Determination of sugars

Reducing, non-reducing and total sugars were
colormetrically determined by the picric acid methadescribed
by Thomas and Dutcher (1924)Sugar content was determined



as mg glucose/g fresh matter calculated from standarve
prepared for glucose.

To determine the total soluble and reducing sugars,
solutions were used:

() Picric acid solution, prepared by dissolving 36gpmfric
acid in 500ml of 1% NaOH. 400ml of boiled distilled
water were added and the mixture was left for capli
the solution was completed to one liter with distll
water.

(i) Sodium carbonate solution, prepared by dissolviggjih
100ml distilled water.

To determine the total soluble sugars, 1ml of eacbholic
extract was transferred to a glass tube (70ml). &rdistilled
water and 4ml picric acid were added. This mixtwas
boiled for 10 min. in a water bath before transfeyrto ice
bath for cooling. 4ml of sodium carbonate were adtte
each tube, boiled for 10 min. and left to cool. &sitwere
then completed up to 50ml with distilled water. Tdtical
density of the developed color was measured using
colorimeter (Spectronic 20-D) at 540 nm. To detesmihe
reducing sugars content, picric acid and@®@; were added
at the same time to the alcoholic extract and Hodely for
10 min. Non-reducing sugars content was calculdigd
subtracting reducing sugars from total soluble ssiga

7.2. Determination of phenols



Free, conjugated and total phenols were coloricediy
determined using the “Folin and Ciocalteu” reagestlescribed
by Snell and Snell (1953)

The reagent was prepared by adding 100g sodiune siaig
and 25g sodium molybdate to 700ml water in conflzk
then 50ml phosphoric acid (85%) and 100ml HCI were
added. Flask containing this mixture was attached t
reflective condenser. The mixture was left to lgghtly in a
water bath for 10 hrs, then it was left to coolPd3ithium
sulphate and 50ml distilled water were also adéesv drops

of bromine were also added and the mixture wasedeagain

to remove access bromine. Finally, the mixture was
completed to 1000ml with distilled water.

Free, conjugated and total phenols were determimed
previously prepared extracts of dahlia tuber sample
Determination was calculated as catechol in termsng
phenols per 1-g fresh matter. To determine the pteenols,
1ml of sample extraction was put in a sterilizest tabe with
1ml distilled water, 5ml Folin-Ciocalteu reagentdah5ml
NaCOs (20% wi/v). The mixture was completed to 50ml with
distilled water and color density was recorded2ft Bm. The
total phenols were determined by treating 1ml afaeted
sample with 0.25ml HCI and boiled in a water bath 10
min then cooled. Ten ml of Folin-Ciocalteu and 25ofl
Na,CO; were added. The mixture was completed to 100ml
with distilled water and the values of color deysivere
measured at 520 nm using the same apparatus. @bejug



phenols were determined by subtracting the freenglke
from the total phenols.

8. Enzymatic studies:
Sample preparation:

(A) From fungal and bacterial cultures of synthetic
media

Different carbon sources at 1% of citrus pectintfRRer
carboxy methyl cellulose (CMC) and 3% sucrorse \(&ewere
added to Czapek’s medium for enzyme productionNaylO;,
1g K;HPQ,, 0.5g MgSQ.7H,0, 0.5g KCI, 0.01g FeSrH,0,
Iml 1% (w/v) ZnSQ, 1ml 0.5% (w/v) CuS@and supplemented
with 0.01% yeast extract) made up to 1 liter wiiktiled water
and adjusted at pH 6(&alsangiacomo and Gessler, 1992)

One hundred ml conical flasks containing 25 ml unalt
media with the different carbon sources, were iteted with 6
mm disks from the tested fungus. In case of bagtehne flasks
were inoculated using 200 pl cell suspension (Tonitains 1.3
x 1 cfu.). All cultures were incubated at 30L°C for 4 days in
the dark. Then, the cultured media were filtered eentrifuged
at 12000 rpm for 10 min at 4°C. The supernatant diasyzed
then the samples were centrifuged at 12000 rpntOfonin and
stored at -18°@Turner and Ogundana, 1983)

(B) From infected dahlia tubers

Dahlia tubers were surface sterilized with ethatto.
Plugs (5 cmyp) were cut into discs about 5 mm thick. Dahlia
discs were transferred to sterile Petri dishes theculated with
standard fungal discs (6mm diameter) or inoculatadg 200 pl



bacterial cell suspension (1ml contains 1.8 cfu.), and
incubated at 301°C for 4 days. Un-inoculated dahlia tubers
were used as control. Inoculated and control sassnpére
homogenized separately in 20 ml distilled watertaiming 0.69
poly clar AT(BDH) to adsorbed phenols using a sitilender
(Ogundanaet al., 1971) The homogenous samples were
centrifuged, dialyzed and stored as mentioned befor

8.1. Estimation of cellulase and xylanase activity

This quantitative colorimetric assay of the invgated
enzymes, i.e., cellulase and xylanase is based lm t
preceptibility of the blue colored, non-degradedighly
polymerized substrates of CM-Cellulose-RBB and Ciax-
RBB 4 mg/ml, respectivelyobtained from Loewe-Biochem.,
Co. Germany) by HCI after incubating any of these substrates
together with the specific pure or crude enzymes precipitated
non-degraded substrate and was removed by cerattidungand
absorbancy of the supernatant was plotted as atidunof
incubation time to measure enzyme activity. Reactixture
contained 0.1 ml aqueous blue substrate solutichp® 0.1 M
citrate buffer (Mc-Lavine buffer) and 0.1 ml of thebove
preparedn vitro andin vivo crude enzymes, incubated fro 1 h at
30°C, within Eppendorf tube. The Reaction was stopped.1
ml 1N HCI and the Eppendorf tubes were cooled e far 10
min., centrifuged for 5 min. at 12.000 r.p.m. Thbtaned
supernatants colors were measured colorimetriclig20 nm.
(Schlosseret al., 1997) Using a standard curve of cellulase TC



(Cellulase Cs 0.4u/mg from Trichodermareesi EC 3.2.1.4.
Serva Biochem. Co. Germany) and xylanase (xylaXas&om
Trichoderma virideEC 3.2.1.8 Sigma Chem. Co. U.S.A)), the
activity of an enzyme (absorbance) was changeadits per mi

of crude enzyme preparatiop/fnl) where the unit is the amount
of enzyme forming [imole of its final product in 1 h. at 30.

8.2. Determination of polygalacturonase (PG) actity

Agar diffusion assay was used according to the ateth
described byDingel et al. (1953) The assay medium contains
1% sodium salt of polygalacturonic acid (PGA) asubdstrate
(Serva), 0.7% ammonium oxalate, 0.01% salicylaaikohd 2%
agar. The medium was prepared in 0.2 M phosphdterpbpH
5.2. Cut holes were filled with 0.2 ml of the tesiution, which
had been adjusted to 4.5. After 24-48 h. &(28he plates were
sprayed with 5N HCI. The appearance of white rimgicated
the presence of PG. The enzyme activity in units walculated
using a standard curve with commercial polygalaxctase
(CPG) (Pectinase Ps frospergillus niger0.15-0.3 units/mg,
Serva) where 1 unit is the amount of enzyme forndjmgpole of
product in 1 h. at 30°C.

9. Evaluation of some different fungicides on grovia of
Sderatium rolfsi:
9.1.In vitro

Seven different fungicides as shown Tiable (2) were
used to test their fungicidal effect on growthSofrolfsiion PDA
medium according to the method Kali and Tims (1960). In
this respect,Topsin-M70, Vitavax-200, Rizolex-T50, Sanlight,
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Tachigaren, Galbin-Cu and Copper oxychloride weseduat
concentrations from 50 to 750 ppm.

medium after sterilization and directly before pogrthe plates.
The inhibitory effect of each fungicide was tesbgdmeasuring
the diameter of linear growth of the tested fungtier 2 and 4
days post inoculation. Medium free from any fundgs was
used as control. The plates $f rolfsii were incubated 31°C

for 4 days.
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9.2.1n vivo:

This experiment was achieved during 2001/2002 and
2002/2003 seasons on dahlia tubers in greenhousdant
Pathology Dept., Fac. Agric., Moshtohor.

Seven fungicides, i.e., Topsin-M70, Vitiavax-200,
Rizolex-T, Sanlight, Tachigaren, Galben-Cu and @opp
Oxychloride were used to test their effect in collitryg dahlia
tuber rot caused b$. rolfsiias follows:

9.2.1. Soil treatment

Infested pots (25 cp and 3kg soil) witls. rolfsiiin form
of 30g corn meal medium/pot were treated with thkowing
fungicides, i.e., Rizolex-T, Vitavax-200, Topsin-M7Galben-
Cu, Copper oxychloride and Sanlight at rate 3g/pt@anwhile,
Tachigaren fungicide was added to each pot at3atéfrom the
commercial product. Dahlia tuber cuttings were s@wmate of



two tubers/pot then irrigated with sterilized watard left to
grow for eight weeks.

9.2.2. Tuber treatment

The same tested fungicides were used in this axpeti
then the concentration of all tested fungicides adpisted at
750 ppm. Dabhlia tuber cuttings which, prepared ionesly for
sowing were dipped in fungicide solutions for fivea then
transferred to ready inoculated pots with the teftimgus. One-
gram of adhesive dispersed material (Tween-80)added to all
fungicide preparations. The pots were left to gfon8 weeks as
mentioned before.

10. Evaluation of bactericides on growth of pathogec
bacteria:

10.1.1n vitro
As shown in Table (3), five antibiotics namely,
streptomycin, penicillin, ampicillin, tetracycline,

erythromycin, as well as two fungicides i.e., galé&au and
copper oxychloride, were used at five different
concentrations (250, 500, 1000, 1500 and 2000ppm).
Nutrient yeast dextrose agar media were inoculatechte
1miI/100 ml media from pathogenic bacteria dilutig¢hs3 x
10% cfu) at 45C before pouring in Petri-plates. Saturated
filter paper disks (5mm) of each antibiotic or fimde at
different concentrations were placed on the surfate
inoculated plates. Disks without any treatment wesed as
control. Four disks/plate and 4 plates for eaehattnent were
done then the plates were incubated 4C3fr 48 hrs. Effect



of tested antibiotics and fungicides were measuréddrm of
inhibition zone surrounding the disks accordind.¢m et al.
(1945) and Thornberry (1960)

10.2.1n vivo

Five antibiotics namely, streptomycin, penicillin,
ampicillin, tetracycline, erythromycin, as well atwvo
fungicides i.e., Galben-Cu and Copper oxychloridere
used at 200 ppm under greenhouse conditions.

Pots (25cmp and 3 kg soil/pot) were infested individually
with 50ml of the tested pathogenic bacteria (%.310°
cfu/ml), then irrigated with sterilized water areftifor one
week to activate the bacteria. The prepared andlizte
dahlia tubers were dipped in tested antibiotics fandicides
solution at rate 200 ppm individually and then iwalted in
infested pots. Copper oxychloridwas mixed with five
antibiotics, i.e., streptomycin, penicillin, amgiici,
tetracycline and erythromycin and the final concaman of
the mixture was adjusted at 100 pgiaggag and Abo
Sadera, 2000)

Disease assessment was carried out by scoring the
percentage of dead plant and survived plants. &adimgs were
taken after 2 and 7 weeks respectively as mentibeéate.

Table (3): List of tested antibiotics, their active ingredgerand
chemical formula.



Trade name &
molecular weight

Common name (%)

Chemical formula

. D(-)-a -
Ampecillin . -
aminobenzylpenicillin C16H1gN30,S
(M.W. 371.39)
(83.3%)
Erythromycin Erythromycin
C37H57N013
(M.W. 733.94) (80%)
Tetracycline Tetracycline
C22H24N208.XH20
(M.W. 480.90) (83.3%)
Penicillin Penicillin
C16H17N2048Na
(M.W. 356.37) (83.3%)
Streptomycin Streptomycin
(C21H3N7012)2.3H,S O,

(M.W. 1457.38)

(80%)




RESULTS

1. Isolation of fungi and bacteria associated to
rotted dahlia tubers

Sum of 107 fungal and 55 bacterial isolates wetairzdx
from naturally infected dahlia tubers in three tmes i.e.
Moshtohor, El-Dair and El-Manashy in Kalubia Goweate. Data
shown inTable (4) indicate that the isolated fungi belong to 6
genera and 7 species. Fungi were identifiedSaterotiumrolffsii,
Fusarium sp., Rhizoctoniasolani, Aspergillus niger, Aspergillus
flavus, Penecillium digitaturandRhizopusp.

S. rolfsii was more occurrence in all tested samples
comparing to the other isolated fungi. The highisstiation
number and frequency % &. rolfsii was recorded in El-Dair
location  (70.0%) followed by EI-Manashy (60.0%) dan
Moshtohor (54.1%) locations. The other fungi weselated
within small numbers and frequency % affecting tasa On the
other hand, the isolated bacteria from rotten datubers were
identified and discussed for their pathogenic abdiin further
part. The highest frequency% was recorded in El-Agag
followed by Moshtohor and El-Dair locations i.e..2%, 32.7%
and 27.3% respectively.

2. Pathogenicity test of fungal pathogens

Data in Table (5) show thatS. rolfsii is the most
pathogenic of tested fungi in inducing rotting athtla tubers
where the infection area increased gradually toaget7 mm
after the first day from infestation, this areactesd 50mm after
three days of infestation with 34-100 infection &spectively.



Meanwhile, R. solani followed by Fusarium spp. revealed
infection % ranged between 22-28 and 20-22%, fdh lhongi
after the first and third day, respectively.

Table (4): Frequency (%) and percentage of fungi and
bacteria isolated from dahlia tubers represent thre

different locations in Kalubia governorate.

Location of isolation
Isolated microorganisms  Moshtohor El-Dair El-Manashy
Total
Fre. % Fre. % Fre. %

Fungi: 37 | 67.27| 40| 7273 30| 57.6 10
rotiun rolfsii 20 36.36 28 50.91 18 34.6 6
Fusarium spp. 0 0.00 1 1.82 0 0.00 1
octonia solal 5 9.09 0 0.00 2 3.85 7
ergillus nige 3 5.45 2 3.64 2 3.85 7

ergillus flavu 2 3.63 2 364 o 3.85 6

ecillium digitatur 3 5.45 3 5.45 3 5.77 9
opu sp. 4 7.27 4 7.27 3 5.77 11
Bacteria 18 | 32.70| 15| 27.27, 22| 423 54
TOTAL 55 55 52 162




Table (5): Pathogenic abilities of three chosen fungi isolated
from rotted dahlia tubers.

Pathogenic fungi 1 day 3 days
IA (mm) % IA (mm) %
Sclerotium rolfsii 17 34.0 50 100.0
Fusarium spp. 10 20.0 11 22.0
Rhizoctonia solani 11 22.0 14 28.0

“IA = infected area (mm)
3. Physical factors affecting growth and sclerdtiahation of
S. roffsii:

3.1. Different media

Data presented inTable (6)clearly show thatS. rolfsii
was able to grow on most of the tested media. Thaghest
average of linear growth was obtained on PDA wher¢he
fungus filled the plate after 4-days post inoculatn, followed
by dahlia tuber agar, Brown’s media, while the lowst
average of linear growth occurred on Czapek’s medimn.

Concerning sclerotial formation, media of PDA faelied
by dahlia tuber and peptone were the most favoeratddia for
producing sclerotia 0%. rolfsii Sclerotia were also produced on
the other tested media but with small numbers réuhgéween 5-
11 sclerotia/plate. On the other hand, it is ckbat the highest
weight of five sclerotia (g) was obtained on Brow/mhedium,
while the least weight was in cases of peptonedaidia tuber
media.



The first sclerotium formed after 3 days on Browmisd

Baren’s media, while it formed after 9 days in cpken agar
medium. Also, the first sclerotium was formed onA&D
dahlia tuber and peptone media after 7 and 8 daysnvihe

highest numbers.

Table (6): Effect of different media on the growth and sclenat
formation ofS. rolfsii

Growth The first
(mm) after No. of Weight of 5 | sclerotium
Media sclerotia/ g
days late sclerotia (g) formed
5 p P after (days)
PDA 39 90 168 0.006 7
Dahlia tuber 36 84 67 0.003 7
Peptone 33 60 55 0.003 8
Czapek’s 25 44 7 0.008 4
Brown 37 62 10 0.019 3
Baren’s 27 56 11 0.009 3
Conne 36 61 6 0.011 8
Plain agar 34 56 5 0.013 9

3.2. Temperature

Seven temperature degrees were studied for tfieat ®n
the growth, sclerotia yield and formation of thestfisclerotium
of S. rolfsii Data inTable (7) show thatS. rolfsii could be
grow within 15 - 40C, while, no growth was recorded below
15°C. Maximum growth of the fungus was obtained atG0
whereas, minimum growth was at°ts



The highest number of sclerotia was formed &tC3(263
sclerotium/plate) and at 26 (243 sclerotium/plate), while,
the least number was at°4D (94 sclerotium/plate). Also, no
sclerotia were formed below 1G. Maximum weight of 5
sclerotia obtained at 30 and°85(0.009 g) and 0.008 g at
25°C. The minimum weight of 5 sclerotia was 0.007 g at
40°C. Therefore, the first sclerotium formed after aysl at
40°C, but 18C was the least favourable temperature degree
tested for formation of sclerotia where, the fisstlerotia
appeared after 11 days.

Table (7): Effect of different temperature degrees on themijno
and sclerotium formation @&. rolfsit

Growth The first
T No. of . .
emperature (mm) after sclerotial Weight of 5 | sclerotium
(°C) days late sclerotia (g) formed
2 P after (days)
10 0 0 0 0.0 0
15 15 37 108 0.009 11
20 18 42 162 0.007 7
25 25 83 243 0.008 7
30 37 90 263 0.009 5
35 39 60 112 0.009 5
40 27 50 94 0.007 4

3.3. Relative humidity

Results inTable (8) indicate thatS. rolfsii could be grow
at RH values ranged between 14-100%, however, theage
linear growth has gradually increased by increa$ihfy values
from 14 to 100% after four days incubation. The mmam



growth was recorded between 80 -100% RH, resu@ifig3 mm
after 4 days incubation. Meanwhile, 90% RH gaveltbst linear
growth (71 mm). On the other hand 14 and 50% RHewgt
favourable for growth o8. rolfsii In this respect also, all tested
RH values were not suitable for sclerotial formatio

Table (8): Effect of different levels of relative humidity dhe
growth of S. rolfsii.

Growth (mm) The first
RH No- oF -\ veight of 5 i
after days sclerotia/ g _ sclerotium
(%) sclerotia (g) | formed after
2 4 plate
(days)
100 48 63 0.0 0.0 0.0
95 47 66 0.0 0.0 0.0
90 49 71 0.0 0.0 0.0
85 41 65 0.0 0.0 0.0
80 46 67 0.0 0.0 0.0
74 41 62 0.0 0.0 0.0
50 34 53 0.0 0.0 0.0
14 29 46 0.0 0.0 0.0
Control 39 90 168 0.006 7
3.4. pH values

Data inTable (9) show that, acidity and alkalinity of the
culture media play an important role on growth aterotial
formation of S. rolfsii In this respect, the optimum pH for
growth of the fungus was pH 5 where the maximumwwn
scored after 6 days incubation (90 mm). Meanwthiie, lowest
growth was obtained at pH 4 and 8 after 6 dayshatan. Also,



the results indicate th&. rolfsii could be grow at different pH
values ranging from pH 3 to 8.

Concerning sclerotial formation, the best pH valuedor
producing the highest number of sclerotia were pH &and 6
(172 and 120 sclerotium/plate), respectively. Mearhile, the
least number was scored at pH 8.0.

Moreover, the highest weight of 5 sclerotia wasunred
when the fungus grown at pH 5 and 4 where the weighe
0.024 and 0.021 gespectively, whilethe least weight was at pH 7.
Additionally, the first sclerotium formed after Gk in medium
adjusted at pH 8, followed after 7 days at pH 5.

Table (9): Effect of different pH values on the growth andesatial
formation ofS. rolfsii

Growth (mm) after No. of The first
) Weight of 5 i
pH value days sclerotia/ g . sclerotium
sclerotia (g) formed
2 4 6 plate
after (days)
4 28 47 70 112 0.021 8
5 31 55 90 172 0.024 7
6 31 53 75 120 0.017 8
7 21 41 59 97 0.016 8
8 12 19 28 55 0.019 6

3.5. Carbon sources

Data presented iifable (10) show thatS. rolfsii isolate
use many different carbon sources in nutrition sastglycerol,
sucrose, glucose, starch, maltose, lactose, dextidnarabinose.
Glucose and lactose were the best carbon sourcegdath of
the fungus where, its growth was 90 and 83 mm,ecsgely



after 6 days post inoculation. Glycerol and dextnere the
lowest favourable in this respect. It is clearoatkat starch,
arabinose, maltose and sucrose were moderateltedfgrowth
of S. rolfsii On the other hand, glucose, lactose and starch we
the best carbon sources for sclerotial formationeneh the
formed sclerotia were 140, 134 and 72 sclerotiusmépl
respectively. Therefore, the highest weight of eratia was in
case of arabinose followed by glucose and sucresgectively.
Also, the first sclerotium formed on media contagidextrin
after 2 days, while in presence of maltose oriacse the first
sclerotium appeared after 9 days post inoculation.

Table (10): Effect of different carbon sources on the growtid a
sclerotium formation 08. rolfsii.

Growth (mm) No. of The first
Carbon Sources after days sclerotia/ Weight of 5 | sclerotium
sclerotia (g) | formed
2 4 6 plate after (days)
Glycerol 24 31 38 15 0.016 8
Sucrose 24 36 46 13 0.018 5
Glucose 38 65 90 140 0.019 6
Starch 30 54 68 72 0.013 7
Maltose 24 44 56 56 0.006 9
Lactose 35 61 83 134 0.018 6
Dextrin 18 25 28 10 0.013 2
Arabinose 28 41 61 41 0.020 9
Without C 19 20 20 9 0.008 2

3.6. Nitrogen sources

Results inTable (11) indicate that yeast extract, peptone,
asparagine and gelatin were the most favourahiegaih sources



for growth of S. rolfsii where its growth was 90, 55, 52 and 45
mm, respectively, after four days post inoculatibteanwhile,
media containing casein, urea, sodium nitrate weis
favourable for growth of the fungus. Media contagniyeast
extract, peptone and asparagine as sole nitrogegnesowere the
best for sclerotial formation @&. rolfsii, respectively. While the
lowest sclerotial numbers were produced on medigatming
ammonium nitrate, urea, sodium nitrate. On the roktzend, the
highest weight of five sclerotia was in case ofasteextract,
peptone, asparagine, beef extract and gelatin ks rstvogen
source, respectively. While, the least weight wasdse of urea
and sodium nitrate. Additionally, the first scleooh formed
after 4 days post inoculation when used ammoniuratei urea,
peptone and sodium nitrate, while it formed aftela§s in cases
of casein and gelatin as nitrogen sources.



Table (11): Effect of different nitrogen sources on the groatid
sclerotium formation 08. rolfsii.

Growth (mm) No. of The first
Nitrogen Sources after days sclerotia/ Weight of 5 | sclerotium
) A plate sclerotia (g) |  formed
after (days)
Casein 25 30 27 0.024 6
Ammonium nitrate 30 42 23 0.027 4
Beef extract 27 42 45 0.021 5
Urea 0 18 12 0.009 4
Yeast extract 43 90 232 0.007 5
Peptone 28 55 75 0.013 4
Asparagin 30 52 68 0.014 5
Gelatin 31 45 30 0.022 6
Sodium nitrate 22 38 12 0.006 4
Without N 31 47 5 0.013 4

3.7. Light colors

Six different light colors were tested for theifest on
growth and sclerotial formation d. rolfsii In this respect,
results inTable (12) revealed clear differences between the
different colors in their effect on growth 8f rolfsii The highest
linear growth was obtained on black color, while tlowest
growth was recorded on green color.

Also, black, blue and yellow colors were the best f
sclerotial formation (184, 91 and 62 sclerotiafplaespectively).

The highest weight of five sclerotia was obtainecase
of red, green and black colors which, were 0.01918 and
0.013 g). While, the minimum weight was in caseg@fow and



blue colors. In addition the first sclerotium forhevith using
black color after 5 days, followed by white andlgel colors
after 6 days, while it formed after 8 days with éoland red
colors.

Table (12): Effect of different light colors on the growth and
sclerotium formation o8. rolfsit

Growth No. of The first
Light colors (mm) after sclerotia/ WeighF of 5 sclerotium
days plate sclerotia (g) | formed after
2 4 (days)
White 34 66 50 0.019 6
Green 33 63 53 0.018 7
Blue 35 79 91 0.010 8
Yellow 36 72 62 0.010 6
Red 37 77 44 0.019 8
Black 45 90 184 0.013 5

4. Factors affecting disease incidence on dahlia
tubers infected with S. rolfsii:

4.1. Effect of wounding

Six wound levels were made into dahlia tubers l@efor
inoculation with an equal disc (6 mm) 8f rolfsii to test their
relations with infection. In this respect, dataTliable (13) show
that there are positive relation between woundingd a
appearance of infection withS. rolfsii on dahlia tubers. The



infected area was increase gradually by increatwegwound
levels from needle wound level till 10 mm cyclic wal at all
incubation days from the™- 11". The highest infection area
were 94mm and 91mm which were recorded onto dahkiars
wounded at levels 10 and 5 mm cyclic wounds respsygtafter
11 days incubation. The infected area in case etllieewound
onto dahlia tubers reached 64 mm after 11 daysatcan. The
results indicate that the fungus was able to intittlia tuber
naturally wounded and its infection increased gadlgitto reach
61mm after 11 days incubation.

The results clearly show that infection with rolfsii
reduced the weight of dahlia tubers and these tmdtuevere
affected by incubation period and wound level whéhe
reduction in infected dahlia tubers increase griygldsom the
39 till 11™. The highest reduction in infected dahlia weiglatsw
22.3% at 10 mm cyclic wound after 11 days inculatighile,
the least reduction in weight of infected dahlibexs was 14.9%
after 11 days in case of needle wound comparing wintrol
(non-wounded/non-inoculated).



Table (13):Effect of wounding dahlia tubers on infection with
S. rolfsii under in vitro conditions.

Days post inoculation withS. rolfsii

Depth of wound

3 5 7 9 11

IA[RW | IA [RW | IA [RW | IA [RW | IA RW
Needle 13| 28| 25| 59 34 89 50 12764 | 14.9
Superficial 19 | 36| 32| 73 48 98 62 12976 | 15.3

3mm-depth cyclic 23| 41| 46| 7.5 55 10565 | 13.1 81 | 16.9

5mm-depth cyclic 28 | 45| 51| 86 62 10j777 | 13.5 91 | 16.9

10mm-depth cyclic | 33 | 5.1| 59| 9.1 71 13)282 | 16.8 94 | 22.3

Naturally wounded 10 | 25| 23| 56 31 7.2 43 10.461 | 135

Control 00| 15| 00 23 00 30 00 35 00 46

“|A= infected area (mm)

RW-= reduction in weight of dahlia tuber infected wth S. rolfsii (g).

4.2. Effect of inoculum density:
4.2.1. On dahlia tubers undeiin vitro conditions.

Data inTable (14) reveal that all used inoculum density
of S rolfsii (1-10 sclerotia/wound) had the ability to induce
infection on wounded dahlia starting from th® 8ay. This
infection was developed gradually by increasingubation
period. The highest infected area reached 92 mer aft days
using inoculum density 10 sclerotia/wound, meansyttthe least
infected area was 46 mm after the same time using o
sclerotia/wound.

Also, this infection reduced the weight of infecigahlia
gradually in correlation to the used inoculum dgnswihere the
highest reduction percentage was 10.2% after 1% dgyusing
10 sclerotia/wound. On the other hand, the leadguaton



percentage in weight was 6.4% using one scleratiang. The
reduction % values between the tested 1-10 sciwaiund
were gradually increased affected by sclerotia reméand
incubation period.

Table (14): Relationship between inoculum density ofS.
rolfsii and disease incidence on wounded dahlia
tubers (10-mm cyclic wound) under in vitro

conditions.
No. of Period after inoculation with sclerotia ofS. rolfsii (days)
Sclerotia/ 3 5 7 9 11
wound
‘IAN[RW | 1A [RW | IA [RW | 1A [RW | IA RW
1 o |oo| 13 27| 23 38 33 s5p 4 da
2 0| o0o| 19| 28 30 39 43 58 52 s
3 0| 00| 21| 30| 33 43 45 55 55 73
4 0| 00| 24| 32| 35| 50 47 6B 5B 7o
5 0| 00| 26| 35 40 53 50 65 oa 4
6 0| o0o0| 28| 37| 45 55 63 6B 7B g7
7 0| ool 30| 38 48 58 65 7p 7 do
8 0| ool 32| a0l 51 61 63 7p 81 93
9 0| 00| 35| 42| 53 63 70 81 8 101
10 0| 00| 30| 45 59| 63 74 8B 9 12
Control 0| 00| 00| 25 09 30 00 37 oo 45

“IA= infected area (mm)
RW= reduction in weight of dahlia tuber infected with S. rolfsii (g).

4.2.2. As soil treatment under greenhouse condition

Data in Table (15) indicate that, infesting soil with
different inoculum levels ofS. rolfsii has a great effect on
surviving of dahlia plants. In this respect, irasig of



inoculum potential from 1 -5 % increased gradud#ilg dead
plants where 5% inoculum potential gave the highaesath
percentage of dahlia plants which was 87.5%, fadidvby 4%
inoculum were 62.5% whereas, 1% gave the leaseptage of
dead plants of dahlia.

Table (15): Effect of inoculum potential (IP) o$. rolfsii on
disease incidence in dahlia tubers.

. 2000/2001 season
IP (%)
Dead Plant (%) Survived Plant (%)
1 16.6 83.4
2 37.5 62.5
3 54.1 45.9
4 62.5 375
5 87.5 12.5

“IP= inoculum potential

5. Pathogenicity and host range of isolated bactexi

Results inTable (4) show that bacterial isolation trial
from rotted dahlia tubers resulted in 55 bactasalates. Out of
these, 7 isolates (No. 4, 7, 9, 10, 11, 12 and wvidie only
pathogenic and caused soft rot on dahlia tuberanmiile, the
remained isolates were not pathogenic and showesym@toms
on dahlia tubers when tested for their pathogenicithe
pathogenic ability of bacteria isolates (7 isolpteas tested on
different plant hosts as shown irable (16) All these tested
isolates were highly pathogenic on dahlia and potiabers and
never affected sugar beet and taro. On the othret, hsolate No.
12 was highly pathogenic on all tested host plaxtept sugar
beet roots and taro-(corms). While, isolate 4 waghli



pathogenic only on potato, squash, dahlia and cheum
meanwhile, it was moderately affected sweet posaid carrot.

Also, isolate No. 7 was highly pathogenic on pqtagrrot and
dahlia and moderately affected sweet potato, squastumber
and onion. Meanwhile, isolate No. 9 was highly pg#énic on

potato, carrot, dahlia and low affected squashumier and
onion, but moderately affected only sweet potadoldte No. 10
revealed highly pathogenic ability on potato, careguash and
dahlia, while, it was moderately pathogenic on sweetato,

cucumber and onion. Moreover, isolate No. 11 waghlii

pathogenic only on potato and dahlia but it was enaikly

pathogenic on sweet potato, carrot, squash anchamao low

affecting cucumber. The last isolate (No. 14) wiahlly affected

potato, squash, dahlia and moderately affectedtcarrd onion,

while it was low affected sweet potato and cucumber

Table (16): Reaction of different plant hosts to inoculation b
the pathogenic bacteria isolates of dahlia tuber ro

Pathogenic bacterial isolates

9 10 11 12 14

Plant — (organ)

Potato — (tuber)

Sweet potato- (tuber root)

Carrot — (root)

Squash — (fruit)

Iz |2
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Dahlia — (tuber)

Sugar beet — (root)

T
<
-
<
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T

Cucumber — (fruit)

Onion — (bulb) M M L M M H M

Taro — (corm)




- = Non pathogenic, H= highly pathogenic, M = mademathogenic and L = low
pathogenic.

6. Identification and classification of pathogenidacterial
isolates

6.1. Traditional techniques

Out of 55 bacterial isolates, 7 isolates only were
pathogenic. These pathogenic isolates were idedtifand
classified based on their morphological and physgjcial
properties. In the first schem@able, 17) the pathogenic
bacterial isolates were classified in three grdo@sed on Gram
stain and spore formation. The first group includes (2)
isolates which are long rod shaped, Gram positi$e)(and
spore formers, growing under aerobic condition. The
aforementioned properties indicate that these sstates belong
to the genus Bacillus. The second group consistedigolates
which were short rod shaped Gram negative (G-),tewhi
colonies, no diffusible pigment, non-spore formeo, it may
belong either to the gen&swinia or Pseudomonaslhe second
scheme(Table, 18) classified the Bacillus isolates for two
species according to their reactivity with differdrmo tests. The
isolates No. 7 and 9 belonged to the speBi@sllus polymyxa.
While the third schemérable, 19)show that both isolate No. 4
and 12 were short rod shape, Gram negative (Gsjitip® for
potato soft rot incidence, gelatin liqguefaction gmmdducing acid
from lactose, so they were classified Eascarotovora Fourth
schemgTable, 20)indicated that the isolates No. 10, 11 and 14
might be identified a$s. cepacia On the basis of host plant



reaction and source of isolation (dahlia tuberjs iholate was
identified asPs. cepacia

Table (17): Classifigation of pathogenic bacterial isolates
(Scheme-1).

Identification Tests Isolate No.

Gram reaction - + + - - - -
Growth on common media + + + + + + +
Size Shor| Lon | Lon | Shor| Shor| Shor| Shor
t g g |t |t |t |t
Spore production - + + - - - -
Pigment K.B. - - - - - - -
Starch hydrolysis - + + - - - -
Gelatin liquefaction + + + + + + +
Yeast extract dextrose CaCQ@ + + + + + + +
Pectate degradation + + + + + + +

Growth on peptone yeast extract agar (PYEA)| + + + + + + +

Growth on MS medium + + + + + + +
Fried egg on PDA + - - - - + -
Tolerance to NaCl 5% H H M M | M H H
Tolerance to NaCl 7% M| M L L L M [ M

Reducing substance from sucrose after:

2 min. + + + - - + .

10 min. - + + - + - -
Acid production from glucose - + + - + - +
Acid production from lactose + + + + + + +
Gas production from lactose - - - - - R -
Anaeorbic production of gas from glucose + - - - - + -
Relation to O, F.l A | A | A | A |AL A
Catalase activity + + + + + + +

“Bacterial genera E.|B.|B. | P.|P | E|P




" Based on classification tests suggestedSbhaad (1980) Fahy and Persley
(1983)andLelliott and Stead (1987)

™ E.= Erwinia, B.= Bacillus and P.= Pseudomonas.

Table (18): Classification of the rod shape, Gram positivé)(G
and spore former bacterial isolateBagillus
classification) Scheme-2.

Isolate No.

Identification Tests 7 9
Gram reaction + +
Shape rod rod
Spore production + +
Pigments K.B. - -
Starch hydrolysis + +
Catalase activity + +
Gelatin liquefaction + +
Tolerance to NaCl 5% + +
Tolerance to NaCl 7% + +
Anaerobic production of gas from glucose - -
Growth at 50°C - -
Bacterial isolate identified Bacillus polymyxa

Table (19): Classification of the rod shape and Gram negative
(G) Dbacterial isolates Hrwinia classification)

Scheme-3
Identification Tests Isolate No.

4 12
Potato soft rot + +
[lPotato soft rot + +
[[Gelatin liquefaction + +
[Istarch hydrolysis - -
[[Catalase activity + +
[lPectate degradation + +
[[Fried egg on PDA + +
Growth on MS medium + +
Yeast extract dextrose CaCQ + +
Tolerance to NaCl 5% + +
Reducing substance from sucrose after 10min. - -
Anaerobic production of gas from glucose + +
Acid production from lactose + +
Relation to O, F. An.
[Bacterial isolate identified E. carotovora | E. carotovora




" Based on classification tests suggestedSbhiaad (198Q0) Fahy and Persley
(1983)andLelliott and Stead (1987)

Table (20): Pseudomonaglassification, the non fluorescent
group, short rod shape and Gram negative) (G
Scheme-4
Identification Tests Isolate No.

10 11 14
Pigments diffusible Non Non Non
Non diffusible pigments - - -
Starch hydrolysis - - -
Gelatin liquefaction + + +
Pectate degradation + + +
Peptone yeast extract agar (PYEA) + + +
Fried egg on PDA - - -
Tolerance to NaCl 5% M M H
Tolerance to NaCl 7% L L M
Potato soft rot + + +
H.S production - - -
Aerobiosis A. A A
Reducing substance from sucrose + + +
Hypersensitivity reaction - - -
Maximum temp. for growth (°C) 35 35 35
pH of glucose nutrient broth (after 72) 7.0 7.0 6.9
Growth on KB Medium - - -
Pectate gel liquefaction + + +
Levan type + + +
Bacterial isolate identified Pseudomonas Pseudompnas Pseudompnas

cepacia cepacia cepacia

" Based on classification tests suggestedblyaad (1980)andFahy and Persley

(1983).



6.2. Electrophoretic analysis of protein patterns

Data inFig. (1) andTables (21 & 22)show that protein
bands derived from the electrophoretic gel of tealde proteins
of the seven pathogenic bacterial isolates whid&cted dahlia
tubers show that the two bacterial isolde<arotovorad (Lane
1) andE. carotovoral?2 (Lane 2) which, identified previously by
the traditional techniques are similar to each mothe 10
molecular weights, i.e., 189.6, 166.5, 158.8, 143854, 73.3,
65.6, 56.1, 53.03 and 51.3 KDa with similarity dagént 0.374.
Meanwhile,E. carotovorad (Lane 1) is found high similar to the
bacterial isolate (Lane 6) which previously idaetif as Ps.
cepacial0 by traditional techniques where the similarity
coefficient is 0.401. On the other hand, bactdsalates which
previously identified a8. polymyxar & -9 (Lanes 3 & 4) by the
traditional techniques were found similar to eacheo in 5
molecular weights, i.e., 151.1, 143.4, 107.9, &h8 78.4 KDa
with similarity coefficient 0.227. On the other ltarthe last 3
isolates which, identified previously &s. cepacielO, -11 & -
14 (Lanes 5, 6 &7) are similar somewhat to eacleroih some
molecular weights. In this respe®s. cepacialO (Lane 5) is
similar to Ps. cepacidll (Lane 6) in molecular weights, i.e.,
128.1, 112.9, 75.8, 63.05, 57.6 and 49.55 with lanity %
0.194, while, the similarity coefficient d?s. cepacialO (Lane
5) andPs. cepacigl4 (Lane 7) was 0.230. Meanwhile, it is clear
from the results that the similarity coefficienetlveen Ps.
cepaciall (Lane 6) andPs. cepacidgl4 (Lane 7) was low
(0.107) where the two isolates are similar in oflynolecular
weights of total resulted protein bands.
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Fig. (1): SDS-PAGE protein pattern of 7 bacterial isolates
infected dahlia tubers.
Lane 1 £rwinia carotovora4 Lane 2 £rwinia carotovoral?2

Lane 3 =Bacillus polymyx&/ Lane 4 =Bacillus polymyxe
Lane 5 =Pseudomonas cepael® Lane 6 #Pseudomonas cepaeld

Lane 7 =Pseudomonas cepaeia



Table (21): Molecular weights of the seven tested pathogenic
bacterial isolates infected dahlia tubers.

Molecular
weights |Lanel [Lane:

212.7 0 0 1 0 0 0 0
205.0

Lane 3| Lane4| Lane5| Laneq Lane]
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Table (21): Molecular weights of the seven tested pathogenic
bacterial isolates infected dahlia tubers (contijue

Molecular
weights "Lane 1 |lLane : Lane 3| Lane 4| Lane5| Lane
49.55 0 0 0 0
48.8 0 0 0 1 0
48.1 1 0 0 0 0 0 1
46.7 0 1 0 1 0 0 0
45.8 0 0 0 0 0 1 0
44.03 1 0 0 0 0 0 1
42.3 0 0 1 0 0 1 0
37.98 0 1 1 0 0 0 1
37.2 0 0 1 0 0 0 0
35.9 0 0 1 0 1 0 0
34.15 1 0 0 0 0 1 0
32.84 0 0 1 0 0 0 1
30.35 0 0 0 0 0 0 1
28.32 0 0 0 0 0 0 1
Total Bands| 29 17 14 13 19 18 13
" Lane 1 Erwinia carotovora4 Lane 2 £rwinia carotovoral?2
Lane 3 =Bacillus po;ymyxa/ Lane 4 =Bacillus polymyx&
Lane 5 =Pseudomonas cepacid) Lane 6 =Pseudomonas cepaeld

Lane 7 =Pseudomonas cepaeia



Table (22): Similarity index matrix among seven bacterial
isolates based on SDS-PAGE.

1 2 3 4 5 6 7

1 1.0 0.374| 0.097] 0.179 0.182 0.401 0.2p9
2 1.0 0.148| 0.200( 0.161 029 0.1f1
3 1.0 0.227] 0.065 0.231 0.038

4 1.0 0.185| 0.1921 0.08

5 1.0 0.194| 0.230

6 1.0 0.107

7 1.0

7. Biochemical changes in infected dahlia tubers:

In this experiment, biochemical changes in infecetlia
tubers and control was carried out to determineasugontents
(total, reducing and non-reducing) and phenolsaltabnjugated
and free) in order to explain their role in infecti

7.1. Sugars content

Data inTable (23)reveal that sugar contents was affected
as a result for infection with bacterial pathogandsS. rolfsii In
this respect its clear that the highest amountotdl tsugars in
infected dahlia tubers was 79.8 mg/g fresh weight &. rolfsii
followed byPs.cepacia51.7 and 42.7 mg/g with. carotovora
12, meanwhile the least amount of total sugars 8a8 mg/g
(f.w.) in case oE. carotovorad. Also, its clear from results that
all pathogenic bacteria did not have a great eféecreducing
sugars, while the funguS. rolfsii reduced sugars in infected
dahlia to high level where the reduction reached 58g/g
(f.w.) comparing with control (un infected tubees)d bacterial



inoculated tubers. On the other hand, all non-redusugars
were determined in low amounts in all infected d@allibers
with bacterial pathogenic an8. rolfsii comparing to control
treatment. The same trend was recorded durin@yigg this
experiment and gave similar results although tlaelireys were
different to somewhat.

Table (23): Effect of artificial inoculation with tuber rot
pathogens on sugar content (mg/g fresh weight) of
tubers incubatedh vitro.

Total Reducing Non-reducing

Pathogens sugars sugars sugars
Experiment |

Erwinia carotovora- 4 30.2 16.7 13.5

Erwinia carotovora-12 42.7 14.0 28.7

Pseudomonas cepacia 51.7 23.5 28.2

Sclerotium rolfsii 79.9 58.8 21.1

Control 85.9 26.7 59.2
Experiment Il

Erwinia carotovora-4 42.3 9.1 33.2

Erwinia carotovora-12 56.3 13.4 42.9

Pseudomonas cepacia 51.2 11.8 39.4

Sclerotium rolfsii 73.5 39.4 34.1

Control 78.4 11.3 67.1

7.2. Phenols content

Data inTable (24)indicate that infection with the fungus
S. rolfsiiincreased total and conjugated phenols in dabbars
to high extent comparing with bacterial infectiomridg the two
separately experiments. In this respect, total emojugated
phenols were 29.4 and 8.4 mg/g fresh weight iadt&d dahlia
tubers with the fungus followed by 33.5 and 10.9gn(.w.)



during the first and second experiment, respectiv€ln the
other hand, all conjugated phenols determinedfectad dahlia
tubers with pathogenic bacteria artsl rolfsii were high
comparing to control (un-inoculated) during the two
experiments. Free phenols were high also in iatedahlia
tubers with S. rolfsii comparing to control treatment and
inoculated tubers with pathogenic bacteria.

Table (24): Effect of artificial inoculation with tuber rot

pathogens on phenols content (mg/g fresh weight) of
tubers incubateh vitro.

Pathogens Total Conjugated Free
phenols phenols phenols
Experiment |
Erwinia carotovora-4 14.6 6.1 8.5
Erwinia carotovora-12 20.5 5.4 15.1
Pseudomonas cepacia 21.1 4.4 16.7
Sclerotium rolfsii 29.4 8.4 21.0
Control 18.7 1.8 16.9
Experiment I
Erwinia carotovora-4 21.2 5.7 15.5
Erwinia carotovora-12 17.7 6.3 11.4
Pseudomonas cepacia 22.3 6.4 15.9
Sclerotium rolfsii 33.4 10.9 22.5
Control 25.2 4.8 20.4

8. Enzymatic studies:
8.1. In synthetic media

Data presented ifable (25 show that the fungus.
rolfsii and different tested pathogenic bacteria were btd &
produce cellulase enzyme in Czapek’s media comgisucrose,
pectin and CMC. Meanwhile, these tested isolatesciwh
mentioned previously their pathogenic ability orhlda tubers



were able to produce xylanase enzyme in Czapek'diane
containing sucrose, pectin and CMC. In this respeethighest
activity of xylanase was produce in media contgni@MC
(0.2125 unit/ml) that inoculated with. carotovora4, followed
by media containing sucrose which was inoculateth V.
carotovora 12 (0.1903 unit/ml). It is clear from these résul
also, that all pathogenic bacteria were able talgce xylanase
enzyme more than the fungus on media containingosag
pectin and CMC. Production of xylanaselbycarotovora4 and
-12 in Czapek’s media containing pectin was leas tih case of
sucrose and CMC. Meanwhil&, rolfsii and Ps. cepaciawere
not able to produce xylanase in media containirggipe

Concerning polygalacturonase (PG) enzyme, the fsingu
S. rolfsii and other tested bacterial pathogens had theyatwli
produce PG in Czapek's media containing sucrosetimpeand
CMC, but with different quantities ranged betweef08-2.2
u/ml. S. rolfsiiwas the highest PG producer in media containing
CMC and pectin as a carbon sources compared vher tésted
bacterial pathogens. Meanwhild?s. cepacia produced the
highest activity of PG in media containing sucrosare thark.
carotovora(4&12) andS. rolfsiigrown at the same conditions.



Table (25):Cell wall degrading enzymes (cellulase, xylanagk an
PG) produced in synthetic media (unit/ml).

Pathogens Cell wall degrading enzyme produced in media containg
Cellulase xylanase PG
2 | < 2| ¢ 3| <
A (o O A o O a o O
S. rolfsii - - - |0.057, - ]0.009/0.012|0.800|2.200
E. carotovora-4 - - - 10.187/0.025| 0.213]0.128| 0.035| 0.008{
E. carotovora-12 | - - - 1 0.190] 0.145| 0.160{ 0.128| 0.170| 0.500
Ps. cepacia - - - |0.016] - |0.080|1.250|0.016/0.170

8.2. On dahlia tubers

Data inTable (26) reveal that the funguS. rolfsii and
other tested bacterial pathogens were not able ramluge
cellulase in infected tissue of dahlia tubers wheyectivities of
this enzyme were detected in this case. On therdtlnd,
xylanase activity was detected in infected tissafedahlia tubers
with S. rolfsii and E. carotovora(4 & 12 isolates) only. The
highest activity of xylanase was recorded in caké&.orolfsii
infection followed byE. carotovoral2. The highest activity of
PG enzyme was 15.5 u/ml, followed by 10.5 u/mlnfected
tissues of dahlia tubers with. rolfsii and E. carotovora4. E.
carotovoral2 and Ps. cepacia produced also considerable
activities in infected dahlia tubers but so litlemparing to the
other mentioned pathogens.



Table (26): Cell wall degrading enzyme (cellulase, xylanase and
PG) enzymes produced on dahlia tubers (unit/ml).

Cell wall degrading enzyme (u/ml) produced in
Pathogens media containing

Cellulase Xylanase PG
S. rolfsii - 0.224 15.50
E. carotovora-4 - 0.074 10.50
E. carotovora-12 - 0.198 2.20
Ps. cepacia - - 1.25

9. Evaluation of different fungicides againsg. rolfsii:
9.1. On culture plates [n vitro)

In this experiment seven different fungicides bgiag to
different chemical groups (systemic and non-systg(iiable 2)
at five concentration (50, 100, 250, 500, 750 ppmie testedn
vitro for their effect on growth o08. rolfsii the causal agent of
dahlia tuber rot. Data inTable (27) show that all tested
fungicides had the ability to inhibit or reduce tpewth of S.
rolfsii depending on tested concentrations and time of
incubation. In this respect, Vitavax-200 and Togdin0 were
completely inhibited the growth db. rolfsii at concentrations
starting from 100 - 750 ppm, while, visual growthtloe fungus
was remarkable at concentration 50 ppm only for tve
fungicides, where the measured growth was 14-23amch16-
32 mm after 2 and 4 days post inoculation with thegus,
respectively. On the other hand, Sanlight, Tacleigaand
Rizolex-T50 completely inhibited the growth &. rolfsii at



concentrations starting from 250-750 ppm. Meanwhile
concentrations 50 and 100 ppm could not inhibit gnewth,
where there was a remarkable growth at 2 and 4 dayke
fungus. Also, Galben copper and Copper oxychlondebited
the growth of the fungus only at the high conceitdra (750
ppm). Although, the fungus grew on some concewinatior all
tested fungicides (systemic and non-systemic), ghisvth was
slight and less than control (without fungicide).

Table (27): Effect of different concentrations of some systemi
fungicides on linear growth (mm) & rolfsii‘in vitro’.

Fungicide Conc. (ppm) Linear growth (mm) after 2 and 4 davy:

4

Tachigaren 50 23 35
100 13 23

250 0 0

500 0 0

750 0 0

Vitavax-200 50 14 23
100 0 0

250 0 0

500 0 0

750 0 0

Sanlight 50 12 45
100 0 17

250 0 0

500 0 0

750 0 0

Topsin-M70 50 16 32
100 0 0

250 0 0

500 0 0

750 0 0

Rizolex-T50 50 18 39
100 16 31

250 0 0

500 0 0




75C 0 0
Galben copper 50 26 41
100 24 39
250 21 31
500 13 20
750 0 0
Copper 50 32 49
oxychloride 100 26 39
250 21 31
500 18 25
750 0 0
Control 47 90

9.2. Under greenhouse conditiofiis {ivo):

9.2.1. Soil treatment

Data inTable (28) reveal that treating soil with fungicides
control effectively S. rolfsii infection on dahlia tubers
comparing with untreated soil during two seasomsthis
respect, treating soil with Rizolex-T50 and Vitaxv200
completely control the infection @&. rolfsii during the first
season, where the survived dahlia plants were 1@&%well
as, the same fungicides were also the highesttieeones
during the second season comparing with other &iches.
Copper oxychloride and Galben copper were the least
effective fungicides during the two seasons. tihgious that
the effect of Topsin-M70 and Sanlight was raisedting) the
second season more than the first season.



Table (28): Effect of soil application by some fungicides on
disease incidence caused Bglerotium rolfsiiin
dahlia tuber-roots during 2001/2002 and 2002/2003
seasons in greenhouse.

Fungicides 2001/2002 season 2002/2003 season

(3 g/pot) Dead Plants| Survived Dead Plants| Survived

(%) plants (%) (%) plants (%)

Tachgaren 50.0 50.0 375 62.5
Topsin M70 37.5 62.5 25.0 75.0
Rizolex T50 0.0 100.0 12.5 87.5

Sanlight 37.5 62.5 25.0 75.0

Vitavax 200 0.0 100.0 20.8 79.2
Copper oxycloride 75.0 25.0 62.5 37.5
Galben copper 62.5 375 58.3 41.7
Control 75.0 25.0 83.3 16.7

9.2.2. Tuber treatment

The previously tested fungicidesvitro were tested again
in this experiment as tuber treatment under greesdno
conditions using concentration 750 ppm for theife@f on
infection development b$. rolfsii. Data inTable (29) show
that dipping dahlia tubers in Rizolex-T50 and Vaa200
suspension before sowing gave the best controlSforolfsii
infection during the first and second seasons e@sgely, where
the survived plant for the first fungicide was 88.&t the first
season, while, 79.2% for Vitavax-200 at the secsedson
comparing with control treatment. Also, dipping tlahubers in
Topsin-M70, Sanlight and Vitavax-200 gave good oanvith
25% dead plants, whereas it was 75% in controltrireat



(inoculated with pathogen) during the first sea2001/2002. In
addition, treating dahlia tubers with Topsin-M70izétex-T50
and Sanlight gave a good disease control wherelead plants
were 25% for the first two fungicides and 37.5% fbe last
fungicide when compared with control treatmenthas $econd
season. On the other hand, treating dahlia tubighsTachigaren
followed by Copper oxychloride and Galben copperenthe
least effective fungicides in controllirg rolfsiiinfection during
the two seasons.

Table (29): Effect of tuber dipping in some fungicides on dsea
incidence caused clerotium rolfsiiin dahlia tuber
during 2001/2002 and 2002/2003 seasons under
greenhouse condition.

Fungicides 2001/2002 season 2002/2003 season
(750 ppm) Dead Survived | Dead plants| Survived
plants (%) | plants (%) (%) plants (%)
Tachigaren 50.0 50.0 45.8 54.2
Topsin-M70 25.0 75.0 25.0 75.0
Rizolex-T50 16.7 83.3 25.0 75.0
Sanlight 25.0 75.0 37.5 62.5
Vitavax-200 25.0 75.0 20.8 79.2
Copper oxychloride 54.2 45.8 62.5 37.5
Galben copper 54.2 45.8 50.0 50.0
Control 75.0 25.0 83.3 16.7




10. Evaluation of different bactericides against beterial
pathogens:

10.1. On culture plates (n vitro)

In this experiment five antibiotics, i.e, ampigilli
erythromycin, streptomycin, tetracycline and pdhicas well as
Galben copper and Copper oxychloride “as bactegidvere
tested for their inhibition effect against pathogetacteria
infecting dahlia tubers vitro. Data in Table (30) show that all
tested antibiotics and bactericides inhibited thewgh of
bacterial pathogens depending on antibiotic kindl arsed
concentrations because increasing the concentratiotested
materials whether the antibiotics or other bactdéeis from 25-
200 ppm increase gradually the inhibited zone dhggenic
bacteria. Streptomycin was the first effective laiotic against
growth of tested bacteria where it gave high irtfobi zone 33
mm againsBacillus polymxa/ followed by 30.6 mm againBs.
cepacial4. While, penicillin was the second effectiveilaiatic
againstPs. cepaciall ancE. carotovora 4 where the inhibition
zones were 30.6 and 29.2 mm, respectively. Meaerwhil
erythromycin was also effective again& carotovoral2.
Copper oxychloride and Galben copper “as bacte®idvere
the least effective materials against growth ottedted bacterial
pathogens.



Table (30): Effect of different concentrations of some antilmet
and copper compounds on growth of pathogenic
bacteria isolates of dahlia tubérs vitro’.

Pathogenic bacterial isolates

Bactericides Concn.| E. carotovora | B. polymyxa Ps. cepacia
(ppm) isolate No. isolate No. isolate No.
4 | 12| M 7 9 M| 10| 11| 14 M
Ampicillin 25 15 | 16 | 155 20| 12[ 16¢ 14 1 q 68
50 24 | 19| 215 21| 24| 2265 14 14 1p 136
100 [ 26 | 20| 230 22| 28] 259 1§ 2 15 176
150 [ 28 | 24| 260 24| 30] 270 19 3 20 23]o
200 [ 30 | 25| 275 33| 35] 340 21 3% 2 246
M 24.6] 20.8] 22.7 240 25B 24/9 166 21.8 12 1f.35
Erythromycin 25 13 25 | 1900 O 0 0.0 10 0 17 9.
50 16 | 26 | 2100 o] 10[ 50 13 11 2 14
100 | 20 | 28 [ 240 10| 15[ 125 1§ 1 2L 173
150 | 21 | 30 [ 255 15| 18] 165 19 1 25 26
200 [ 25 | 31| 280 16| 30[ 23p 23 19 28 233
M 19.0] 28.0] 239 8.2 14p 11]4 166 122 2p2 1f.0
Streptomycin 25 17 | 12 | 145] 29| 23] 264 10 1 20 140
50 20 | 16 | 180 30| 25] 275 1§ 22 2p 196
100 [ 21 | 17 | 190 32| 28] 30p 24 25 3p 243
150 25 | 24 | 245 36| 29| 325 271 2 3y 3dle
200 | 26 | 25| 255 38| 30] 34p 37 34 4p 393
M [21.8] 188] 203 330 27p 300 246 254 306 dJp.2
Tetracycline 25 13 0 6.5 16 0 8.0 13 0 17 10{p
50 20 [ 10 [ 150 22| 11] 165 1§ 1 20 14|o
100 | 22 | 12 [ 17.00 24| 15 195 29 1 21 1djo
150 [ 24 | 13| 185 31| 18] 245 21 14 2B 193
200 [ 25 | 15| 200 33| 20] 265 23 15 25 210
M 20.8| 10.0] 154 252 128 190 140 104 212 1p.9
Penicillin 25 17 | 19| 180/ 0 0| 0.0 18 20 o 12[p
50 27 | 20| 235 25| o] 125 29 28 18 23k
100 | 30 | 22 [ 26.0] 28| 18] 23fp 28 3 20 2djo
150 35 | 25 ]300 30| 25/ 275 2d 3% 30 313
200 [ 37 | 30| 335 35 33] 340 30 4 40 343
M 29.2] 232 262 236 15p 19[4 240 306 216 b1
Galben copper___25 0 0 0.0 0 0 0.0 0 0 0 0.4
50 0 0 [ o0[ 9 9] 90/ 10 o0 7] 5.4
100 0 0 | oo 10| 10] 100 11 9 of o4
150 7 [10] 85| 11| 11] 120 17 14 1 1006
200 11 | 13 | 120[ 13| 13| 13¢p 1§ 1 11 19l
M 36 | 46| 41| 86/ 86 84 96 64 7l 7B
Copper 25 0 10 5.0 0 0 0.0 0 0 0 0.4
100 [ 10 | 18 | 140 12| 15 185 14 1 1 19le
150 | 13 | 20| 165 15| 18] 165 194 1 16 14l6
200 | 14 | 33 [ 235 17| 21| 1996 24 16 1f 17
M 74 | 19.4| 134 10§ 13p 12/0 146 96 1P A




10.2. Under greenhouse conditiongr§ vivo)

Data inTable (31)indicated that, dipping dahlia tubers in
antibiotic solution at concentration 200 ppm befsmving in
pots under greenhouse conditions was effectiveointrolling
tested pathogenic bacteria. In this respect, duhadirst season,
erythromycin followed by ampicillin were the besifeetive
antibiotics in controllingE. carotovora4 & -12 where the
survival plants were 79.2 & 75.0 and 66.7 & 70.8%,
respectively, comparing to other tested antibioacsl control
treatment. Also, streptomycin and tetracycline wibe best for
controlling Ps. cepaciawere the survival plants 75 and 70.8%
comparing with other tested antibiotics and bactges as well
as control treatment. In the second season, tine $@nd was
recorded for erythromycin and ampicillin as the tbeective
materials againdt. carotovorad & -12. Meanwhile, tetracycline
followed by streptomycin and ampicillin in contiolj Ps.
cepaciainfection on dahlia tubers where the dead plantsew
only 25%, 29.2% and 29.2%, respectively. Tetraogcland
penicillin were not effective for controlling. carotovora4
infection during the two seasoms vivo. On the other hand,
Galben copper and copper oxychloride, as baalesciwere the
least effective in this respect.

Data inTable (32) indicate that mixing antibiotics with
copper oxychloride improved the efficacy of anttlie against
bacterial pathogens which rotted dahlia tubersnducultivation
for two seasons. In this respect, the mixed erylymn was the
best against E. carotoveda& -12 where the survived plants
were 87.5%, followed by streptomycin and mixedaeycline



against E. carotovora-12, meanwhile, mixed ampicijave
25.0% dead plants in case of E. carotovbr®n the other hand,
mixed ampicillin followed by the mixed antibioti¢getracycline,
streptomycin and penicillin) was the best against éepacia
respectively. The same trend was remarkable duhegsecond
season where the mixed erythromycin was more eftedh
controlling E. carotovora-4 & -12 than other mixaqdtibiotics.
While, mixed streptomycin and ampicillin were thesb for
controlling Ps. cepacia. It is clear from the resuwhat treating
dahlia tubers with all mixed antibiotics improveieetively the
survived dahlia plants comparing with un-treatehlidatubers.



Table (31): Effect of some antibiotics and two copper
compounds on growth of dahlia rot pathogen in

greenhouse.
Bacterial isolates
Bactericides E. carotovora-4 | E. carotovora-12 Ps. cepacia
(200 ppm) Dead |Survived| Dead |Survived| Dead |[Survived
plants | plants | plants | plants | plants | plants
(%) (%) (%) (%) (%) (%)
Season 2001/2002
|Erythromycin 20.8 79.2 25.0 75.0 50.0 50.¢
[Penicillin 62.5 37.5 62.5 37.5 62.5 37.9
Streptomycin 50.0 50.0 50.0 50.0 25.0 75.(
Tetracycline 62.5 37.5 54.2 45.8 29.2 70.9
IAmpecilline 33.3 66.7 29.2 70.8 37.5 62.5
|ICopper oxychloride 50.0 50.0 50.0 50.0 37.5 62.5
[[Galben copper 62.5 37.5 62.5 375 54.2 45§
[lcontrol 100.0 0.0 75.0 25.0 87.5 12.5
Season 2002/2003
|Erythromycin 25.0 75.0 25.0 75.0 54.2 45.4
[Penicillin 54.2 45.8 50.0 50.0 62.5 37.4
Streptomycin 45.8 54.2 62.5 37.5 29.2 70.8
Tetracycline 66.7 33.3 50.0 50.0 25.0 75.(
IAmpecilline 37.5 62.5 25.0 75.0 29.2 70.8
|ICopper oxychloride 54.2 45.8 50.0 50.0 50.0 50.(
[[Galben copper 75.0 25.0 54.2 45.8 50.0 50.(
[lcontrol 100.0 0.0 79.2 20.8 79.2 20.4




Table (32): Evaluation of mixing antibiotics with copper
pathogens
dahlia tubers under greenhouse conditions.

oxychloride on bacterial

infecting

Bacterial isolates
Bactericides E. carotovora-4 | E. carotovora-12|  Ps. cepacia
Dead | Survived Dead | Survived Dead | Survived
plants plants plants plants plants plants
(*0) (%) (%) (%) (%) (%)
Season 2001/2002
Erythromycin + copper 12.5 87.5 12.5 87.5 375 | 625
Penicillin + copper 33.3 66.7 33.3 66.7 12.5 87.
Streptomycin + copper 37.5 62.5 12.5 87.5 12.5 87.
Tetracycline + copper 50.0 50.0 20.8 79.2 12.5 87.
IAmpicillin + copper 25.0 75.0 33.3 66.7 0.0 100{p
Control 100.0 0.0 75.0 25.0 87.5 12.
Season 2002/2003
Erythromycin + copper 0.0 100.0| 125 87.5 33.3 | 66.7
Penicillin + copper 37.5 62.5 37.5 62.5 20.8 79.
Streptomycin + copper 37.5 62.5 25.0 75.0 16.7 83.
Tetracycline + copper 37.5 62.5 25.0 75.0 25.0 75.Q
IAmpicillin + copper 37.5 62.5 33.3 66.7 16.7 83.
Control 100.0 0.0 79.2 20.8 75.0 25.1'




DISCUSSION
Dabhlia Dahlia pinnatalL.) is one of the most popular and

attractive cut flower plants around the world. Maygi like
Sclerotium rolfsii Fusarium solani and Macrophomina
phaseolinaand bacteria liké&rwinia carotovorapv. carotovorg

E. carotovora pv. chrysanthemi Pseudomonas cichoriand
Bacillus polymyxare attacking dahlia plants in the field, storage
and during propagation by stem cuttings or dividetiers
(Lelliott and Stead 1987andGomaa and Mohamed 2000)

Sum of 107 fungal and 55 bacterial isolates wetainbd
from naturally infected dahlia tubers in three kmas i.e.
Moshtohor, El-Dair and El-Manashy in Kalubia Gowanate.
The isolated fungi belong to 7 genera and 7 speEwsgi were
identified as:S. rolfsii, Fusarium sp., R. solani, A. niger, A.
flavus, P. digitatumand Rhizopussp. S. rolfsii showed the
highest frequency % and isolation number in alegsamples.
These results are similar to those obtainedbgda (1994)who
isolatedAlternaria spp.;Mucor spp.;Fusariumspp.,F. solani
Pythium debaryanumR. solanj M. phaseolinaand S. rolfsii
from rotted sugar beet roots collected in EgyptscAlGomaa
and Mohamed (2000)isolatedS. rolfsii from naturally rotted
dahlia tubers. The highest isolation number anduieacy % of
S. rolfsii was recorded in El-Dair location followed by
Moshtohor and El-Manashy locations respectiv8y.rolfsii is
the most pathogenic fungus in inducing rotting ahlia tubers
where the infection area increased gradually dfterfirst day
from infestation.R. solaniand Fusarium sp. were pathogenic
also but lesser tha®. rolfsiiin inducing rotting of dahlia tubers.



In this respect, the results &fapavizas and Collins (1990)
support our obtained results wheteey found thatS. rolfsii
causes extensive damage to plant in more than da®dids in
warm regions of the world.

As for physical factors affecting growth ofS. rolfsii,
the fungus was able to grow on most of the testedeuia.
PDA was the best followed by dahlia tuber agar an8rown’s
media. PDA followed by dahlia tuber and peptone wex the
most favourable media for producing sclerotia ofS. rolfsii.
Also, it is clear that kind of media affected sclestial weight
and appearance. S. rolfsii could use many different carbon
and nitrogen sources in nutrition. Glucose and lacse were
the best carbon sources as well as, yeast extrapeptone,
asparagine and gelatin were the most favourable midgen
sources for growth of S. rolfsii. Meanwhile, glucose, lactose
and starch were the best carbon sources for sclerat
formation. Whereas, yeast extract, peptone and aspagine
as sole nitrogen sources were the best for sclemtformation
of S. rolfsii, respectively. Also, the kind of carbon or nitrogen
sources affected sclerotial weight and appearanc8. rolfsii
could grow within 15 - 4CC, while, no growth was recorded
below 15C. Maximum growth of the fungus was obtained at
30°C whereas, minimum growth was at 18C. The highest
number of sclerotia was formed at 30C and at 25C. S.
rolfsii could grow at RH values ranged between 14-100%.
The maximum growth was recorded between 80 -100% RH
Meanwhile, 90% RH gave the best linear growth. AlspS.
rolfsii could grow at different pH values ranging from pH3



to 8. The optimum pH was pH5. It is pronounced thagcidity

and alkalinity affected sclerotial production, weidgt and

appearance of sclerotia. In addition, growth, sclestial

formation, sclerotial weight and appearance of scletia of S.

rolfsii were affected greatly by the kind of light colorsin this

respect, black color was the best for growth whileplack,

blue and yellow colors were the best for sclerotidbrmation.

These results are in harmony with the findings oHernandez
(1986), Nwufo and Fajola (1986) and Palakshagipal. (1989)
whom found that S. rolfsii grew at temperature range from
8-40°C and grew well at 20-30C. The fungus grew in beef
extract-peptone broth culture adjusted at pH 1.4-8. Also,
Yuanet al. (1990)reported that S. rolfsii isolates grew well at
28-32C, relative humidity 92% and pH 4-6. Growth was
best at 28-32C, RH >92%, pH 4-6, in darkness and under
aerobic conditions. Also,Dey et al. (1992) mentioned that the
most sclerotia ofS. rolfsii were obtained in cultures on PDA.
While, Hari et al. (1991) and Jyoti-Mishra et al. (1996)
reported that growth of S. rolfsii was best at 30C, pH 6 and

with PDA, starch and dextrin as carbon sources angeptone
and potassium nitrate as nitrogen sources. Sclerati

production was favored at 28C and by starch, dextrin and
peptone.

Concerning factors affecting rotting incidence ahlch
tubers, there was a positive relation between wimgndndS.
rolfsii infection on dahlia tubers, where, the infectioraawas
increased gradually by increasing the wound lefrels needle
wound level till 10 mm cyclic wound at all incubati days from



the 3% — 11" . Also, the fungus was able to infect dahlia tubers
without wounding and its infection increased grdlyutn high
level after 11 days incubation. Infection wih rolfsii reduced
the weight of dahlia tubers and these reductione \affected by
incubation period and wound level. These findingalld be
confirmed by the results o¥incelli and Burne (1989) who
found that wounded, inoculated sugar beet planth wispore
suspension oRhizopus arrhizug7X1°/ml) and incubated at
35°C developed decay within 48 h.

All used inoculum densities ofS rolfsii (1-10
sclerotia/wound) induced infection and reduced weaght of
wounded dahlia tubers starting from tH& day. This infection
was developed gradually by increasing incubationiodeto
reach its maximum after 11 days using inoculum ignk0
sclerotia/wound unden vitro conditions. Furthermore, infesting
soil with different inoculum levels d. rolfsii affected infection
and surviving of dahlia plants. Increasing inoculymtential
from 1-5 % increased gradually the dead plants evH&X
inoculum potential gave the highest death percent#gdahlia
plants. These results are similar to those obtalyediremath
(1992) who mentioned that addition of 2% inoculum to tlod s
was sufficient to produce high disease lev#|$. collar rot on
sunflower.

Bacterial isolation trial from rotten dahlia tubeesulted
in 55 bacterial isolates. Out of these, 7 isoldds. 4, 7, 9, 10,
11, 12 and 14) were highly pathogenic and causédaoonto
potato and dahlia tubers but not affected sugatr dree taro. All
tested bacterial isolates were differed in thethpgenic abilities



according to the difference of the host kind. |desgtion and
classification of these pathogenic isolates based tloeir
morphological and physiological properties accagdimSchaad
(1980, Fahy and Persley, (1983, Lelliott and Stead (1987
and Collins andLyne’s (1995 revealed that two of them were
B. polymyx&7 &9), two others were classified &s carotovora
(4&12) and the late three isolates were identifiedPascepacia
(10,11&14). In this respectjump et al. (1983) isolated E.
carotovora from, cactus plants showing soft rot symptoms.
While, Piplani et al. (1983) isolatedB. polymyxafrom rotten
potato tuber tissues, the vascular tissues of apfgrhealthy
tubers and healthy aerial stems. Also, they vaerifithe
pathogenic ability oB. polymyxaon tested tuber tissues. Also,
Bhattacharya and Mukherjee (1986) attributed the soft rot of
stored tissues to some uncommon bacteria su&aefius and
Pseudomonaas well a€rwinia which associated with soft rots
of vegetables, fruits and other stored tissuesth@rother hand,
all of Khan et al. (1990), Togashiet al. (1995) and EI-
Hendawy et al. (2002)verified also our obtained results. On the
other hand, emphasizing identification using SDSSFA at
protein level was found not enough to ensure tkatitication of
the seven bacterial isolates which isolated frorhlidatubers
where the similarity % between the previously iderd isolates
by the traditional techniques were low and confudeal this
purpose, the identification at DNA level may be ewsary. In
this respectAb-El-Khair et al. (2003)differentiate between ten
bacterial isolates oErwinia amylovoraisolated from Behera,
Gharabiya Nobaria and Giza Governorates using SBRGH
technique and found that protein band of 42 KDa syasmmon



protein band in all isolates as well as the sintyjacoefficient
amongE. amylovoraprotein profiles ranged from 0.50 to 0.80.
They concluded that the protein band of 42 KDa @¢dé used
for the identification ofE. amylovoraisolates, in addition to
successful pathogenicity tests on pear immaturéldis and
hypersensitive reaction (HR). They added also thia
elctrophoretic technique of cellular proteins dfafient Egyptian
isolates showed that tlie amylovoraprofiles were not similar.

As for biochemical changes in infected dahlia tsbemd
control, sugar contents and phenols were affecéeal r@sult for
infection with bacterial pathogens a8d rolfsii In this respect,
it is clear that the highest amount of total sugarsnfected
dahlia tubers was witB. rolfsii followed byPs.cepaciaandE.
carotovoral2. Meanwhile, all pathogenic bacteria did notéhav
a great effect on reducing sugars. Furthermoreyaitreducing
sugars were in low amounts in all infected dahlibets with
bacterial pathogens an&. rolfsii comparing with control
treatment. On the other han®, rolfsii increased total and
conjugated phenols in dahlia tubers to high extamrhparing
with bacterial infection. Free phenols were hi¢goan infected
dahlia tubers witls. rolfsii comparing to control treatment and
inoculated tubers with bacterial pathogens. Thesalts could
be interpret in light the findings @&tbo Ellil et al. (1998)who
showed that there was positive correlation betwiesels of
phenols and root rot infection causedyrolfsii R. solaniand
Fusarium solani Where, total phenols increased with infection.
Also, Somaniet al. (2000)found that soft rot, dry rot and all rots



put together were positively correlated with redgcsugar and
phenolic contents in tubers.

Concerning cell wall enzymesS. rolfsii and tested
pathogenic bacteria were not able to produce esl&uenzyme in
Czapek’'s media containing sucrose, pectin and CMC.
Meanwhile, these isolates were able to producengga enzyme
in Czapek’s media containing sucrose, pectin andCCNihe
highest activity of xylanase was in media contajn@®@MC and
inoculated withE. carotovora4, followed by media containing
sucrose inoculated withE. carotovoral2. All pathogenic
bacteria were able to produce xylanase enzyme thane the
fungus in media containing sucrose, pectin and CMG@reover,

S. rolfsii and other tested bacterial pathogens had theyatnli
produce PG in Czapek's media containing sucrosetimpeand
CMC, but with different quantitiesS. rolfsiiwas the highest PG
producer in media containing CMC and pectin as saldon
sources compared with other tested bacterial patigg
Meanwhile, Ps. cepaciaproduced the highest activity of PG in
media containing sucrose more thHancarotovora(4&12) ands.
rolfsii grown at the same conditions. On the other h&ndolfsii
and other tested bacterial pathogens were not tabfgoduce
cellulase in infected tissue of dahlia tubers. Meaite, xylanase
activity was detected in infected tissues of dahlizers withS.
rolfsii andE. carotovora(4&12,) only. The highest activity of
PG enzyme was detected in infected tissues ofaléliters with

S. rolfsii and E. carotovorad. These results are in agreement
with the findings ofScala and Zoina (1983) who, mentioned
that S. rolfsii produced large amounts of polygalacturonases in



liquid cultures with pectin or autoclaved bean hyqgls as
carbon source and in infected bean and squashesis\lso,
Bock et al. (1984) found thatE. carotovoraproduced pectate
lyase-containing pectolytic enzyme that macerai@tpes and
vegetables tissues. In this respect alsararah et al. (1985),
Satyabrata Maiti et al. (1986), Ohazurike and Arinze (1992),
Wegner and Jansen (1996Abd El-Khair and Nofal (2001)
and El-Hendawy et al. (2002)verified our results where all of
them confirmed the abilities d&. rolfsii, E. carotovoraand
others of pathogenic bacteria and fungi for prodgaell wall
degrading enzymes as well as they correlated fieetian with
enzymes production.

As for chemical control, all tested fungicides hti:
ability to inhibit or reduce the growth &. rolfsii depending on
tested concentrations and time of incubation. Is tespect, out
of 7 fungicides, Vitavax-200 and Topsin-M70 werenpetely
inhibited the growth of. rolfsii at concentrations starting from
100-750 ppm. Meanwhile, Sanlight, Tachigaren andoRk-
T50 completely inhibited the growth ofS. rolfsii at
concentrations starting from 250-750 ppm. Also,@alcopper
and Copper oxychloride inhibited the growth of fhegus at the
high concentration 750 ppm. On the other hand, idgpahlia
tubers with Rizolex-T50 and Vitavax-200 before sogvigave
the best control 0%. rolfsiiinfection during two seasons. While,
dipping dahlia tubers in Topsin-M70, Sanlight anidavax-200
gave good control during the first season only. wall as,
treating soil with fungicides controlled effectiyelS. rolfsii
infection on dahlia tubers comparing with untreased during
two seasons. Rizolex-T50 and Vitavax-200 controlled



completely the infection of. rolfsii during the first season.
Also, the same fungicides were effective during #ezond

season comparing to other fungicides. These reaghesed with

the findings ofMotikhaye (1983), Fahimet al. (1984), Abou-

Zeid et al. (1987), Sahu et al. (1990) Henriquez and

Montealegre (1992) Ahmed et al. (1994),Sabetet al. (2000),

El-Habbaa et al. (2002) and Bhoraniya et al. (2003 whom

verified the ability of Rizolex-T50, Vitavax-200,o0psin-M70

and other fungicides on controlling. rolfsii and other

pathogenic fungin vitro andin vivo on different plant hosts.

All tested antibiotics and bactericides inhibited he
growth of bacterial pathogens depending on antibiat kind
and used concentration, because increasing the camtration
of tested materials whether the antibiotics or othe
bactericides from 25-200 ppm increase gradually the
inhibited zone of pathogenic bacteria. Streptomycirwas the
first effective antibiotic against growth of Bacillus polymxa-7
and Pseudomonas cepacia-14. While, penicillin was the
second effective antibiotic againstPseudomonas cepacia-11
and E. carotovora-4. Meanwhile, erythromycin was also
effective againstE. carotovora-12. Copper oxychloride and
Galben copper “as bactericides” were the least eftéive
materials against growth of all tested bacterial pthogens.

Dipping dahlia tubers in antibiotic solutions at
concentration 200 ppm before sowing in pots undeemhouse
conditions was effective in controlling tested mafénic
bacteria. Erythromycin followed by ampicillin wertbe best
effective antibiotics in controllingE. carotovora4 & -12
comparing to other tested antibiotics and contr@atment



during the first season. Also, streptomycin ancatsicline were
the best for controllingPseudomonasomparing with other
tested antibiotics and bactericides as well asrobritherefore,
mixing antibiotics with copper oxychloride improvethe
efficacy of antibiotics against bacterial pathogenkich rotted
dahlia tubers during cultivation. The mixed erythgein was
the best againsk. carotovora4 & -12 followed by mixed
streptomycin and mixed tetracycline agaiistcarotovoral?.
On the other hand, mixed ampicillin followed by thtber mixed
antibiotics (tetracycline, streptomycin and petiicil was the
best againsPs. cepaciarespectively. These results could be
interpret in light the findings ofFarag et al. (1986) who
mentioned thaE. carotovorasubspatrosepticawassensitive to
ampicillin, and streptomycin. AlsoBanerjee et al. (1990),
Lewocz (1992)andAlice and Sivaprakasam (1995¢onfirmed
these results, while Ahiawat et al. (1997) reported that
ampicillin, neomycin, streptomycin, streptocyclineand
tetracycline restricted the growth of Bacillus isolates. In
addition, Karwasra and Parashar (1998 stated that treating
potato tubers pre-sowing with streptocycline wafeative for
preventing soft rot caused I8 carotovoraimproved sprouting
and reduced weight loss of potato tubers. On tiherobhand,
Chen and Lin (2000),Singh et al. (2000) and Abd El-Khair
and Nofal (2001)had similar results which support our results
vitro and in vivo. Regarding mixing antibiotics and copper
oxychloride, the results ofbd El-Khair (1993) support our
obtained results where he reported that mixtureditiited
ingredients of streptomycin and copper compounds iagghly
effective againsE. amylovora While, Almeida et al. (1994)
found that copper oxychloride + mancozeb, oxytetracycline,



oxytetracycline + streptomycin and copper sulfate +
oxytetracycline were effective again&. carotovora subsp.
carotovorain vitro.



SUMMARY

Dabhlia Dahlia pinnatalL.) is one of the most popular and
attractive cut flower plants around the world. Maygi like
Sclerotium rolfsii Fusarium solaniandMacrophomina phaseoli
and bacteria like Erwinia carotovora pv. carotovorg E.
carotovora pv. chrysanthemi Pseudomonas cichoriiand
Bacillus polymyxare attacking dahlia plants in the field, storage
and during propagation by stem or divided cuttings.

The obtained results of the present study could be
summarized as follows:

1. Sum of 107 fungal and 55 bacterial isolates weraiobd
from naturally infected dahlia tubers in three lomas i.e.
Moshtohor, El-Dair and EIl-Manashy in Kalubia
Governorate. The isolated fungi belong to 6 gersvd 7
species. Fungi were identified &:rolfsii, Fusariumsp.,R.
solani, A. niger, A. flavus, P. digitatuendRhizopussp. S.
rolfsii was more occurrence in all tested samples. The
highest isolation number and frequency %Sofrolfsii was
recorded in El-Dair location followed by Moshtohemmd El-
Manashy locations respectively.

2. S. rolfsiiwas the most pathogenic fungus in inducing rotting
of dahlia tubers followed bR. solaniandFusariumsp.

3. As for physical factors affecting growth &. rolfsii, The
fungus was able to grow on most of the tested mdtA
was the best followed by dahlia tuber agar and Brsw
media, while the lowest average of linear growtbused on
Baren’s and Czapek’s media. Regarding sclerotrah#&bion,
PDA followed by dahlia tuber and peptone were thestm



favourable media for producing sclerotia &. rolfsii
Moreover, the highest weight of five sclerotia (ggs
obtained on dahlia tuber medium. The first sclerati
formed after 3 days on Brown’s and Baren’s mediailenit
was formed after 9 days in case of plain agar nmediu

. The results indicated th&. rolfsiicould grow within 15-
40°C, while, no growth was recorded below’ €5 Maximum
growth of the fungus was at 3D whereas, minimum growth
was at 15C. Meanwhile, the highest number of sclerotia was
formed at 30C and at 25C. Maximum weight of 5 sclerotia
was obtained at 3&, 30°C and 28C.

. S. rolfsiicould grow at RH values ranged between 14-100%,
however, the average linear growth has gradualtyessed

by increasing RH values from 14 to 100% after fdays
incubation. The maximum growth was recorded betv&fen
100% RH. Meanwhile, 90% RH gave the best lineawtjio

. The results indicated also th&. rolfsii could grow at
different pH values ranging from pH 3 to 8. The tbphl

values for producing the highest number of sclaratere pH
5. The highest weight of 5 sclerotia was occumén the
fungus grown at pH 5 and 4.

. The results cleared th&. rolfsii isolate could use many
different carbon sources in nutrition such as glgke
sucrose, glucose, starch, maltose, lactose, dexnd
arabinose. Glucose and lactose were the best cadaones
for growth of the fungus. Starch, arabinose, maltasid
sucrose were moderately affected growttSofrolfsii Also,
glucose, lactose and starch were the best carhueesofor



sclerotial formation. Therefore, the highest weigift 5
sclerotia was in case of arabinose followed by gdecand
sucrose respectively. Also, the first sclerotiummnfed on
media containing dextrine after 2 days, while iegance of
maltose or arabinose the first sclerotium appeater 9
days post inoculation.

8. As for nitrogen sources, yeast extract, peptonparagine
and gelatin were the most favourable for growtls ofolfsii
Meanwhile, media containing casein, urea, sodiutratei
were not favourable for growth of the fungus. Irdiéidn,
media containing yeast extract, peptone and asiparap
sole nitrogen sources were the best for sclerfaratation of

S. rolfsii, respectively. While, the lowest sclerotial numbers

were produced on media containing ammonium nitraieq,
sodium nitrate. In addition, the highest weight fofe
sclerotia was in case of yeast extract, peptongaragine,
beef extract and gelatin as sole nitrogen souespectively.

9. The results revealed clear differences betweerdiiferent
colors in their effect on growth db. rolfsii The highest
linear growth was obtained on black color. Als@dil, blue
and yellow colors were the best for sclerotial fation. The
highest weight of five sclerotia was obtained iseaf red,
green and black colors. Also, the first sclerotii@mmed with
using black color after 5 days, followed by whitdar after
6 days.

10.Concerning factors affecting rotting incidence oahith
tubers, there was a positive correlation betweenndmg
and appearance of infection wig rolfsii on dahlia tubers.



The infected area was increased gradually by isangahe
wound levels from needle wound level till 10 mm layc
wound at all incubation days from th&-31" . The highest
infection area was recorded onto dahlia tubers Wednat
levels 10 and 5 mm cyclic wounds after 11 days hation.
The fungus was able to infect dahlia tubers without
wounding and its infection increased gradually ighHevel
after 11 days incubation. Infection wigh rolfsiireduced the
weight of dahlia tubers and these reductions wieetad by
incubation period and wound level. The highest céidu in
infected dahlia weight was at 10 mm cyclic wounttrail
days incubation.

11.All used inoculum density d& rolfsii (1-10 sclerotia/wound)

had the ability to induce infection on wounded dabtarting
from the %' day. This infection was developed gradually by
increasing incubation period. The highest infectegla was
recorded after 11 days using inoculum density 10
sclerotia/wound. Also, this infection reduced theight of
infected dahlia gradually in correlation to the disgoculum
density.

12.Bacterial isolation trial from rotted dahlia tubeesulted in

55 bacterial isolates. Out of these, 7 isolates dN@, 9, 10,
11, 12 and 14) were highly pathogenic and causédreb
onto potato and dahlia tubers, while these isolates not
affected sugar beet and taro. All tested bactextdhtes were
differed in their pathogenic abilities according tbhe
difference of the host kind.



13.ldentification and classification of these pathagesolates
based on their morphological and physiological props
revealed that two of them weiacillus polymyxa7 &9),
two others were classified &winia carotovora(4&12) and
the last three isolates were identified Bseudomonas
cepacia(10,11&14).

14.Emphasizing identification using SDS-PAGE at protevel
was found not enough to ensure the identificatibrthe
seven bacterial isolates which isolated from dahlibers
where the similarity % between them were low and
confused.

15.As for biochemical changes in infected dahlia tsband
control, sugar contents and phenols were affecieal r@sult
for infection with bacterial pathogens a8d rolfsii In this
respect, it is clear that the highest amount dltstigars in
infected dahlia tubers was with. rolfsii followed by Ps.
cepacia and E. carotovoral2. Meanwhile, all pathogenic
bacteria did not have a great effect on reducingassu
Furthermore, all non-reducing sugars were in lovo@mts in
all infected dahlia tubers with bacterial pathogemsl S.
rolfsii comparing with control treatment. On the otherdjan
S. rolfsii increased total and conjugated phenols in dahlia
tubers to high extent comparing with bacterial dtifen.
Free phenols were high also in infected dahliarsieth S.
rolfsii comparing to control treatment and inoculated itsibe
with bacterial pathogens.

16.Concerning cell wall degrading enzymé&s rolfsiiand tested
pathogenic bacteria were not able to produce el



enzyme in Czapek’s media containing sucrose, peautih
CMC. Meanwhile, these isolates were able to produce
xylanase enzyme in Czapek’s media containing se¢ros
pectin and CMC. The highest activity of xylanaseswa
media containing CMC and inoculated wih carotovora4,
followed by media containing sucrose inoculatedhwit.
carotovoral2. All pathogenic bacteria were able to produce
xylanase enzyme more than the fungus in media iconga
sucrose, pectin and CMC.

17.Moreover,S. rolfsiiand other tested bacterial pathogens had
the ability to produce PG in Czapek’s media comt@n
sucrose, pectin and CMC, but with different quaetit
Sclerotium rolfsiiwas the highest PG producer in media
containing CMC and pectin as sole carbon sourcegaced
with other tested bacterial pathogens. MeanwhiRs.
cepacia produced the highest activity of PG in media
containing sucrose more th& carotovora(4&12) andsS.
rolfsii grown at the same conditions.

18.0n the other handS. rolfsii and other tested bacterial
pathogens were not able to produce cellulase iaciatl
tissue of dahlia tubers. Meanwhile, xylanase agtiwas
detected in infected tissues of dahlia tubers ®itholfsiiand
E. carotovora (4&12,) only. The highest activity of PG
enzyme was detected in infected tissues of dahiars with
S. rolfsiiandE. carotovora4.

19.As for chemical control, all tested fungicides inited or
reduced the growth ofS. rolfsii depending on tested
concentrations and time of incubation. Out of 7gigides,



Vitavax-200 and Topsin-M70 were completely inhiditie
growth of S. rolfsii at concentrations starting from 100-750
ppm. Meanwhile, Sanlight, Tachigaren and Rizole®-T5
completely inhibited the growth &. rolfsiiat concentrations
starting from 250-750 ppm. Also, Galben copper @ogper
oxychloride inhibited the growth of the fungus ke thigh
concentration 750 ppm.

20.0n the other hand, dipping dahlia tubers in Rizéleand
Vitavax-200 before sowing gave the best contrdb ofolfsii
infection during two seasons. While, dipping daltlibers in
Topsin-M70, Sanlight and Vitavax-200 gave good oant
during the first season only.

21.Moreover, treating soil with fungicides controlletfectively
S. rolfsiiinfection on dahlia tubers comparing with untreate
soil during two seasons. Rizolex-T50 and Vitavag-20
controlled completely the infection @&. rolfsii during the
first season. Also, the same fungicides were etfeaturing
the second season comparing to other fungicides.

22.All tested antibiotics and bactericides inhibitbée growth of
bacterial pathogens depending on antibiotic kind ased
concentration, because, increasing the concenirafitested
materials whether the antibiotics or other bacigeis from
25-200 ppm increased gradually the inhibited zorfe o
pathogenic bacteria. Streptomycin was the firseaive
antibiotic against growth oB. polymxa7 andPs. cepacia
14. While, penicillin was the second effective hiaiic
against Ps. cepacigll and E. carotovora4. Meanwhile,
erythromycin was also effective agairtst carotovoral2.



Copper oxychloride and Galben copper “as bactegid
were the least effective materials against grovitallaested
bacterial pathogens.

23.Dipping dahlia tubers in antibiotic solutions anhcentration
200 ppm before sowing in pots under greenhouseitomsl
was effective in controlling tested pathogenic bsaat
Erythromycin followed by ampicillin were the bedteetive
antibiotics in controllingz. carotovora4 & -12 comparing to
other tested antibiotics and control treatmentrduthe first
season. Also, streptomycin and tetracycline weeebtst for
controlling Pseudomonascomparing with other tested
antibiotics and bactericides as well as control.

240n the other hand, mixing antibiotics with copper
oxychloride improved the efficacy of antibiotics aamst
bacterial pathogens, resulting in increasing sadwiplants.
The mixed erythromycin was the best agalstarotovora
4 & -12 followed by mixed streptomycin and mixed
tetracycline againstE. carotovoral2. Therefore, mixed
ampicillin  followed by the other mixed antibiotics
(tetracycline, streptomycin and penicillin) was thest
againstPs.cepaciarespectively.
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