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Effects of the Some Elicitors on the Capsidiol Amount m the Leaves
of Peppers (Capsicum annuum.L.) Having Different Sensitivities to

Root Rot (Phytophthora capsici Iron.)

A. Si.iliin usrur.{
Departrnent of Biology,

Faculty of Science,
Ankara University,

06100, Ankara/rUnriYn

ABSTRACT
The purpose of this study is to compare the amdunts of capsidiol produced in the

leaves of the susceptible (I. S-35) and fwo resistant lines IPM 2I7 and PM 702 (=CM
334)l after treatment with different abiotic (0.1 M CuSOo and 0.1 M AgNO3) and biotic

[Phytophthora capsici Leon., Alternaria alternata @r.) Keissler, Monili-
nia fructigena (Aderh ex. Ruhl) Honeyl elicitors. In general, in each of the three gen-

otypes capsidiol has been found in the controls. However their amounts have been ob-
served to be different than those of the inoculated leaves. For the 0.1 M CuSOo elicitor
the highest amount of capsidiol has been found in the I. S-35, on the other hand in the

case of 0.1 M AgNO3 elicitor, less amount of capsidiol has been seen in PM 702 than I.
S-35 and PMZIT in 4th day. The effect of pathogen fungus on each of the above three
vmiedes has been different and in the resistant line @M 702) more amount of capsidiol
has been found compared to its controls. Although important differences have been
found in all three genotypes for various treatment, it is concluted that the variations of
capsidiol amount in resistant and sensitive genotypes do not play a key role in ttre inves-
tigation of the sensitivity.

INTRODUCTION
The production of phytoalexins is a well-documented response of plants to infec-

tion with a wide variety of microorganisms (Bailey and Mainsfield, 1982). The various
lines of evidence supporting a role for these antimicrobial compounds in the resistance

of plants to disease have been discussed in recent reviews (Bailey and Mansfiled, 1982;
Darvill and Albersheim, 1984). Phytoalexins are produced by plants not only in re-
sponse to interactions with fungi, bacteria, viruses, nematodes and otier living orga-
nisms, but also following treatment with many chemicals (Watson and Brooks, 1984),
irradiation by ulraviolet light (Mercier et al.,1993).

Plant cell cultures are proving to be of increasing value as systems for the study
of phytoalexin elicitation (Whitehead et a1.,L987;Threfall andWhitehead, 1988). Elici-
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EFFECTS OFTHE SOME EUCITORS ONTHE CAPSIDOLAMOI.JNT

tation of terpenoid phytoalexins has been reported in callus cultures of Capsicum an-
nuum (Brooks et aI., 1986) and cell suspension of Nicotiana tabacum (Whitehead er

a/., 1988; Vogeli and Chappell, 1988) and Capsicum annuum (Whitehead er a/.,
1988., 1990; Saimmaime and Coulomb, 1993) but neither the biochemistry nor the en-
zymology of these systems has yet been studied in depth.

Stoessl et al. (1972) first reported that pepper fruits produced antifungal sesqui-
terpenoid phytoalexin, capsidiol in response to infection by several pathogenic and non-
pathogenic fungi. The relation between capsidiol concentration and speed of fungal in-
vasion in stems of pepper cultivars susceptible or resistant to Phytophthora capsici
L. has been assessed by Molot et al. (1981).

The present study was undertaken to compare resistant eMZfi and PM 702)
(Abak and Prtrat, 1981; Pochard et al., L986: Usttin, 1993) and susceptible (lnce-Sivri-
35) (Abak and Prrat, 1981; Usttin, 1993) cultivar of pepper to P. capsici wirh regard
to the accumulation of capsidiol in the leaves during the stages of 7-8 leaves in seed-
lings inoculated with biotic and abiotic elicitors, after 2,3, 4th day.

MATERIALS AND METHODS
Resistant seeds of peppers were obtained from Prof. Dr. Mas (Station

d'Amelioration des Plantes Maraicheres Domanie St. Maurice, Monfavet FRANCE),
susceptible seed of pepper (lnce-Siwi-35) was obtanied from Antalya (Antalya Seracilrk
Aragtuma Enstitiisti, Tiirkiye). Each of three fungus isolates was obtained from hof. Dr.
Maden (A.U.Z.F. Bitki Koruma B., Ankara, Tihkiye). For inoculation, a zoospor sus-
pension of Phytophthora capsici Leon. and conidial suspensions of other two fungi
(Monilinia fructigena and Alternaria alternata) were grown on Vs juice agar at
25oC. Then zoospore suspension (1x105 zoospor per milliliter) and condial suspensions
(lxld condia suspensions (lx10s conidial per milliliter) and conidial suspensions (1x105
conidia per milliliter) were prepared as previously described (Usttin, 1993; Ustiin and
Ercoqkun, 1994).

Plants were sown in a plastic pot (750x160x125 mm) with a mixture of steam-
sterilized loam soil sand and peat (1:1:l). They were watered daily and fertilized four
times with a dilute solution of Vo 0.15 N:P:K (20:20:2Q until 7-8 leaves. At the Z-8
leaves slages, the seedlings were uprooted and their roots were washed in tap water and
plants were transfered to liquid medium culture (Abak, 1982; Usttin, 1993). Five days
later" when plants had recovered from uprooting stress, their roots were soaked during
one hour in suspension of biotic and abiotic elicitors (0.1 M. cusoo, only l0 min) and
control roots were soaked in sterile distile water (in 1-2 drop Tween 20) (istiin, l99l).
After inoculation, plants were then replaced in liquid culture. Plant cul0ure, inoculations
and incibations were performed in a growth chamber at 20-22c, 65vo humidity, 14
hours light. I-eaf samples were taken 2,3 and.4 days after inoculation.
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A. Suuin USTUN

In order to comparo their reactions to Phytophthora capsici Leon. (Antalya),
0.1 ml zoospor suspension (105 zoospor/ml) was applied to the end of a decapitated
plant stem at the seven-eight leavcs stagc, which was then covered with an aluminium
foil cap lUsttin, 1991). The disease has been evaluated according to l-3 scales Reifsch-
neider e/ al. (1986).

Extraction and Estimation of Capsidiol
Frozen leaf tissues which were cut into small pieces, were weighed, extracted

with cold ethanol (40V0) and extracted with ethanol first by steeping overnight at4oC
and then were extracted twice more and extracted with ether as described previously
(Jones er a|.,1975 and Stoessl et al., 1972) Cornparable areas of healty tissue were trear-
ed similarly. Capsidiol concentrations were determined by gas-liquid chromatography
(GLC), essentially as described previously (Molot et al.,l98l) except thar a gas chro-
matograph (Varian 3700) equipped with a 5 ft x l/8 in Sreel column filled with Gas
Chrom Q (60-80 mesh) coated wiLh I\Vo OV-l (Usttin and Ercogkun ,1994). Resulrs are
based on three determinations.

RESULTS
In this research wirh the help of micropipet we have applied a suspension of 105

zoospor per ml of P. capsici Leon. (Antalya) isolate onto decapitated plant stem of
three different pepper genotypes showing different degrees of resistance to P. capsici
Leon. during their 7-8 leaves seedling stage in order to look for the effects of the disease
caused by this isolate. In the I. S-35 genotype the disease developed very rapidly and on
the tenth day all of the 40 seedling that have been inoculated have dried up and entered
the third scales. The X2 analysis done on the same day since all of the I. S-35 have died
and given results tremendously different when compared to the other two genotypes was
left out of the statistical analysis (Figure 1). On the tenth day while the average scale
number in PM 2I7 line was 1.350, the PM 702 number was 1.050 (X2 = lI.47,p <
0.01). As time advanced the symptoms of disease in both genotypes increased and on
the thirtieth day we have averagely found the scale values of 1.850 in pM2r7,1.250 in
PM7C2 (X2 = 12.77,p < 0.01), (F gure 1).

The Capsidiol Contents of the Leaves (p gr/gr fresh weight)
All the data obtained for the capsidiol amounts in different times in the teaf tis-

sues of I.S-35,PM2l7,PM702 inoculated with different elicitors are as shown in Table
1' In the leaves of three pepper genotypes during the seedling stage 7-8 leaves, after the
conftolling and inoculation processes of five different elicitors, the capsidiol amounts on
tlre leaf tissues taken at different times (2, 3 and 4 days later) have been evaluated in ac-
cordance with multifactored variance analysis. According to Duncan test the differences
between genotype x elicitors, genotype x time, elicitors x time and genotype x elicitor x
time interactions have been found to be statistically considerable (rable 1, p < 0.01).
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u 5 
o,lo* n"rr* ,ito"u"nt o*'o 

25 30

Figure 1. Disease severity curves for three pepper cultivars, I.S-35 (susceptible o-o ,

PM 217 (resistant o<) and PM 702 (= CM 334) (rhe most resisranr
*- *), inoculated with 10s zoospor per milliliter of phytophthora capsi-
ci by using the stem apex was decapirated at the seven-eight leaves stage.
Disease severity rating based on a 1-3 scale @eifschneider er a1.,1986).

The Comparasion Among the Capsidiol Amounts in the Leaves Two
Days After the fnoculation
When the capsidiol amounts of the leaf control samples of all three genotypes

were compared the capsidiol amounts on the second day followed the order of PM 702
<PM2l7 < I. s-35 (p < 0.01, Table 1, Figure 2). on the second day of the abiotic elici-
tor 0.1 M CuSOa Featment the least amount of capsidiol on the leaves was on the pM
702line;PM2l7 and LS-35 genorypes followed it (p < 0.01). when each of rhe three
genotype controls were compared (Table 1, Figure 2), they were found to be almost
equal in PM2l7 and lesser in PM 702 (p < 0.01) than the capsidiol in the control, more
in I.S-35 (p < 0.01) than the capsidiol in the control. When abiotic eliciror 0.1 M
AgNo: is used the capsidiol amounts show an increase in the order of pM 702 <pM
217 < I.S-35 (Table 1, Figure 2). Although we have found that the capsidiol amounr was
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A. SuliinuSTtN

Table 1. Effets of the some elicitors on the capsidiol amount in the leaves of peppers

(Capsium annuum L.) having different sensitivities to root rot (Phytoph-
thora capsici L.)

* Values are the means of three replicates

more in I.S-35 in 0.1 M AgNO3 treatment when compared to the control treatment
the difference between the two was considerable according to Duncan test at the ratio
of p < 0.05. On the PM 217 line, on the other hand, the difference between 0.1 M
AgNOr and confrol treatments was considerable at the ratio of p < 0.01; there was no
statistically considerable difference in PM 702.
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GENOTOPY ELICITIOR

CAPSIDIOL (m grlgr f. w)

2rhDay 3 th Day 4 nd Day

xtsx X+ SX X+SX

Thin-Long-35
(Susceptible)

Kontrol
0.1 M CuSOa

0.1MAgNO3
A. alternata
M. fructigena
P. capsici

58.90t0.45

66.57!r.26
63.97+7.80

55.73+2.02

28.93+1.30
23.t8+0.25

38.50p..43
245.20!9.80
42.90t4.90
29.67+3.84

66.63!2.20
41.1011.00

76.3W3.93

r34.73t6.49
97.90il.24
60.10r0.70
69.30+0.80
97.95+5.30

PM 2T7

@esisant)

Kontrol
0.1 M CuSOa

0.1MAgNO3
A. alternata
M. fructigena
P. capsici

43.5012.80
46.30!2.00
51.5010.20
42.50!2.70
38.77+2.04

42.20!t.2r

49.67+0.22

92.t7+r.12
78.9310.60
88.77!4.75
28.0610.91

38.37fl.82

47.6010.22
25.67+0.49
75.r3+0.65
74.85+r.25
6r.14+3.r9
58.&+0.24

PM 702
(= CM 33a)
(Resisant)

Kontrol
0.1MCuSOa
0.1MAgNO3
A. alternata
M. fructigena
P. capsici

33.03+0.71

t5.37+0.71
34.33+r.29
65.30r0.60
67.73+1.40
60.6011..80

25.36fl.78
53.80r1.93
48.40t0.50
37.80!r.26
35.3310.40
83.30fl^20

89.2011.30
90.77+t.41
53.4010.40
28.63+r.70
56.34+6.20

t09.26X4.31



EFFECTS OFTHE SOME EUCITORS ONTHE CAPSIDOLAMOUNT

Figure 2. Effect of the some elicitors on the capsidiol amounl in the leaves of peppers
(capsicum annuum L.) having different sensitivities to root rct (phy-
tophthora capsici leon.) : C: Control, 1: 0.1 M CuSoa, 2: 0.1 M AgNO3,
3: A. alternata,4: M. fructigena,5: p. capsici, (a) Inoculated after 2th
day, (b) 3th day and (3) 4nd day.
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A. Sriliin USTUN

In A. alternata biotic elicitor treatment, on the second day the least capsidiol

amount, was found to be in PIllI2l7,I.S-35 < PM702 followed this (p < 0.01, Table l,
Fig. 2). When each of the genotypes wcre compared with the controls the differences
among the control and A. alternata samples in I.S-35 and PM 2I7 werc not statisti-
cally significant. Whereas in PM 702line therc was much more capsidiol than the

control (p< 0.01). The leaves of all three pepper genotypes on which M. fructigena
was applied, were compared on the second day in terms of capsidiol amounts and the
findings were in the orderPM 217, LS-35 <702 (p < 0.01, Table 1, Fig.2). When com-
pared with the controls there was found to be less capsidiol in I.S-35 than the control
and more capsidiol in PM 702 than the control (p < 0.01). It is not sradstically important
that PM 217 had a slight difference with the control. The leaves of all three peppcr
genotypes onto which P. capsici biotic clicitor was applied have been compared on
the second day in terms of capsidiol amounts and the order was LS-35 < PM 217 < PM
702 (p < 0.01, Table 1, Figure 2). When conrol and P. capsici reatmcnts were com-
pared in I.S-35 the capsidiol amount went down 507o, inPM 2I7 it staycd almost the
same and in PM 702 it went tp 50Vo. According to Duncan test during the control and
P. capsici treatments of PM 102 and I.S-35 trcatments the capsidiol amounts in the
leaves on the second day showed a difference with p < 0.01. Whereas in PM 217 the
difference was not found to be statistically significant.

Comparison Among the Capsidiol Contents in the Leaves Three
Days After the Inoculation
When all three genotypes were compared on the third day in terms of the capsidi-

ol content in their leaves PM 702line conftols less capsidiol than the others, LS-35 and
PMZIT followed it (p < 0.01, Table 1, Figure 2). In the 0.1 M CuSOa rrearmenr each of
the three genotypes was different from onc another at the rate of p < 0.01. When the
controls were compared the capsidiol content. of the leaves of PM 702, PM2l7 were al-
most twice as high on the ttrird day and I.S-35 was even higher than they were @ < 0.01,
Table 1, Figure 2). When leaves of all three genotypes onto which 0.1 M AgNO3 was
applied were compared the capsidiol amounts found were in the order of I.S-35 < PM
702 < PM 2I7 Gt < 0.01, Table 1, Figure 2). When controls and 0.1 M AgNO3 elicitor of
each genotype were compared I.S-35 did not show a significant difference white PM
217 andPM702 showed an increase almost twice as high (p < 0.01, Table 1, Figure 2).

All thee pepper genotypes onto which A. alternata was were compared on the
third day in terms of the capsidiol amounts on their leaves and the result was I.S-35 <
PiMl02 <P}d2I7 (p < 0.01, Table 1, Figure 2). When the controls were compared in
I.S-35 the capsidiol amount was less than the control while in PM2l7 and PM 702 lines
it was more (p < 0.01, Table 1, Figure 2). All three genotypes on which biotic eliciror
M. fructigenc was applied the capsidiol amounts on the ttrird day were PM 217 < pM
702 < I.S-35 (p < 0.01, Table 1, Figure 2). When compared with the controls I.S-35
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EFFECTS OFTHE SOME EUCITORS ONTHE CAPSIDOLAMOTJNT

showed an increase, PM702 showed slight increase and pM 217 showed decrcase (p <
0.01, Figure 2). The capsidiol amounts of l.he leaves of all ttrree gcnotypes that went
through P. capsici treatment were taken on the third day and the most capsidiol was
found to be. in PM 702, while the least was in PM 2l7.The differences were found more
important among genotypes orher than Pl.{2l7 and I.S-35 (p < 0.0r, Table r, Figure 2).
When controls and P. capsici fteatmenB of control and P. capsici elicitor did not
show a significant difference, PM2r? line showed decrease, pMr70z showed increase

C) < 0.01, Table 1, Figure 2).

Comparison of Capsidiol Contents of the Leaves Four Days
After the Inoculation
When the capsidiol contents of all three genotypes and elicitors wcre compared

in terms of the possible correlations, the capsidiol amounts in controls were respectively
PM2l7 < I.s-35 <PM702 (p < Table 1, Figure 2). In 0.1 M cuSo+ eliciror the leasr
capsidiol was in PM2rT line while tlre mosr was in rhe lcaves of I. s 35 (p < 0.01, Table
1, Figure 2). When the controls were compared I.S-35 showed more capsidiol than the
control while PM 217 showed a fifty percent decrease and this was found to 69 statisti-
cally significant with p < 0.01. In PM 702the increase was nor significanr (Table t, Fig-
ure2).In abioric elicitor 0.1 M AgNO3 treatment the capsidiol amounts changed in the
order of Pll{702 <P}{2L7 < I.s-35 (p < 0.01, Table l, Figure 2). when controls were
compared PM 217 showed over 50vo increase, I.s-35 showed increase while pM 702
showed increase while PM 702 showed decrease (p < 0.01, Figure 2).

In biotic elicitor A. alternata treatment the change in the capsidiol amounts was
PM702 < LS-35 <PM2L7 (p < 0.01, Table l, Figure 2). when compared wirh rhe con-
trols, on the forth day, there was dccrease inpMT)2line and in LS-35 and increase in
PM2r7 line (p < 0.01, Figure 2). In M. fructigena fteatment rhe capsidiol amounts of
the leaves of all three genotypes on the forth day were examined and the least amount
was found to be in PM 702,while rhe mosr was in I.s-35 genotype (Table l). when the
capsidiol amounts of PM 217 and PM 702 line leaves were compared, the d.ifference
was significant with p < 0.05. The differcnces among other types were significant at
p < 0.01. When the M. fructigena and control treatments of all three genotypes were
compared there was decrease in I.s-35 and PM 702 and, increase inpMZLT G < 0.01,
Table 1, Figure 2).In P. capsici treatment the capsidiol amounts of the leaves of all
three genotypes on the forrh day were respecrively pM 217 < I.s-35 < pM 702 (p <
0.01, Table l, Figure 2). when the controls were compared the capsidiol amounts on the
leaves ofall three genotypes showed an increase (p < 0.01, Figure 2).

DISCUSSION
According to the findings of several researches the inoculum technique chosen,

the age of the seedling, the manner of inoculum, ecological conditions, the difference
108



A. Siiliin USTUN

among P. capsici strains, the pepper line used and factors such as these presented us

with a wide range of variables in our researches on the resistance of pepper to root rot
disease (Kimble and Grogan, 1960; Karahan and Maden, L974: Barksdale et al.,1984:
Barrq et aI., 1986: Reifschneidcr et al.,1986; Kim el a1.,7989; Palloix, 1986; Palloix er

a1., 1985, 1988; Ortega e t al., 1985, 1 986; Pochard et a\., 1983, 1986).

When P. capsici isolate resistance test results of three different pepper geno-

types were compared with differcnt stcm edge inoculation test results we saw that I.S-35
showed a highly sensitive reaction while PM 217 and PM 702 lines showed quite resist-

ant genotype characteristics (Figure 1).

The development of the disease was much faster in I.S-35 and after the fourth
day (Figure 1) rapidly spreading stem nccrosis founding in the leaves resulted in the
dcath of all the samples inoculatcd with P. capsici Leon, (Antalya) (1x10 s zoospor/ml)
within 10 days.

In the PM 217 and 702 lines on the other hand in a few samples death takes place

after the 10th and the 13th day and in the end of 30 days 307o of PM 217 line, l0Vo of
P}d702line die up (Figure 1). Thus we can claim that PM702line is more resistant

than PM 217.

We observed the same situation in inoculated root of pepper seedling. When pep-

per seedling on which P. capsici Leon. (1x105 zoospor/ml) suspension was applied

through the root were examincd on the forth day I.S-35 leaves were quite pale. The oth-
er two genotypes showed less paleness and browning around the root and necrosis areas

than I.S-35 although they both showed serious browning around the root. Yet the in-
fluence was found to be more than the stem edge inoculation.

We have put forth that along with the PM 2I7 line, advised previously for the
improvement programs because of its line resistance to P. capsici isolates isolated
from Turkey,PMT}2line as well can be used in improvement programs (Ustiin, 1993).

Pochard et al. (1983) put forth that when isolates of P. capsici Leon. were in-
oculated to CM 334 genotyp at2zoc and 32oC, it showed more resistance than PM2l7
and Fiyo 636 genotypes.

The same researchers claimed that the concept of resistance could be defined in
t}lree terms. The capacity to accept fungus, the capacity of fungus development inside
and stability. With respect to these charactcristics PM 217 line proved stable to all iso-
lates and high heat conditions.

The first inoculation techniques used to examine the existence of capsidiol in the
leaves and the stem were done by the applying of different elicitors to leaves in drops.
Leaves inoculated with a. alternata and M. fructicola were compared and A. alter-
nata inoculated ones showed more capsidiol. The different inoculation technique we
have used has showed that our findings (Table l) prove that the increase depend on the
genotype.
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EFFECTS OF THE SOME EUCITORS ON THE CAPSIDOL AMOTINT

Jones e/ al. (1975) and Molot et al. (1981,1984) discussed that capsirliol was an
element preventing the growth and development of fungus yet they also put forth that
there might be other factors behind thc death of hpyhae in infected cells. The relation
between ttre inhibition of fungus development and the capsidiol amount in the plant tis-
sue was not. very clear in their opinion.

According to Ward (1976), very high values were obtained exceeding the con-
centration required for total inhibition of fungi in vitro by several orders of magnitude.
There were capsidiol in fruits as much as in the leaves (ward and stoessl, 1974).

Molot er a/. (1980) in another research, treated the leaves with filtrates attained
from P. capsici mycelia and found out that the protection depended on the inoculum
dose, the age of the filtrate, the time spent in filtrate. They could not found any relation
between the resistance developed and the capsidiol accumulaLion.

Molot and Mas (1985) found out that the results taken from the leaves of the
seedlings that, were turn out from Lhcir stems and were dipped into several elicitors were
better than the cotiledon inoculation, and the stimulated resistance lasted for a long time.
The seedlings dipped in the elicitors could control the harms of P. capsici or p. infes-
tan s.

Molot er a/. (l985a)started to examine the of capsidiol in genetically conrolled
resistance and the resistance gained from a previous infection. According to these re-
searchers the resistant lines could not be characterizcd with PM 217 andCM 334 sensi-
tive type Yolo Wonder capsidiol amounl They claimed ttrat this could depend both on
not yet understood biochemical mcchanisms and a possible second role of capsidiol. Ac-
cording to Pochard et al. (1983), the three componients of the resistance described in
"receptivity", "inducibility" and "stability" were easily identified, each variety being re-
markable for a particular point. In resistant lines like pM zl7,L 29 and cM 334 were
compared with the sensitivity and resistance to high and low temperatures the recepti-
vity of the host changes (pochard et al.,1983; Molot and Mas,. 19g5). The same rese-
arches mention the existence of at least two mechanisms related to resisance while the
changes in resistance can be explained by infected stems (Molot and Mas, 19g5).

with respect to the root inoculation technique we have used, the capsidiol
amounts of the leaves in 7-8 leaved seedling period have been look for and in all three
genotypes capsidiol was found. According to the results of control experiments other
abiotic and biotic elicitor experiment controls showed results different for each geno-
type. The capsidiol amounts in the leaves of all three genotypes were found to be almost
as high as the amounrs we found in fruit samples (jsttin and Ercogkun ,lgg4).our find-
ings, in this sense, supporr, the findings of Ward (1976).

on the forth day all three genotypos inoculated with 0.1 M CuSoa elicitor were
compared and I.s-35 leaves were found to be very pale. The other two, pMzrT and pM
207 were found to be slightly pale as well yet this was much less ttran the sensitive type.
The 0.1 M CuSOa concenfration used is quite a toxic concenration for the plant and it
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affects the seedling right away. For this reason the test period for this was not t hour as

in the other elicitors but 10 minutes. The objective here was to see the effect of this ele-

ment on the capsidiol amount. In I.S-35's 0.1 M CuSO4 test the harm and the capsidiol

accumulation were found to be the most (Table 1). This extremity in capsidiol amount

could depend on the fact that capsidiol could not tum inlo other elements because of the

harms the plant cells went through. In resistant types the capsidiol amount was less.

Stoessl et al. (1977) put forth that capsidiol was a secondary metabolite sub-

stance; though the balance between its formation and use cannot be explained the over

doses can be related to its use. The stem-eliciting inoculation technique we have used,

different from Ward's technique (1976), have been effective on the formation of capsidi-

ol on ttre leaves. Different inoculation techniques used during the research makes it dif-
ficult to interpet the findings.

We agree with Pochard et al. (1983) and Molot et al. (1985) on the opinion that
capsidiol cannot be effective in resistance on its own. The gas liquid cromatographic

analysis we have done shows capsidiol peaks and small peaks in each elicitor forming
up with the combination of at least four or six substances. The separation, the identifica-
tion and the resistance role of these substances are other focuses of research. Yet. anoth-

er research topic is the possibility of each of the ingredients of the elicitors affecting the

cell wall !o move loosely and play an active role as a fitoalexin elicitor. The existence of
enzymes in this process is undeniable. The research in this subject has not yet helped us

to evaluate the phenomena from a biochemical perspective.

6zsr
BAZr UYARTCILARTN, KoK BOGAZT YAMKLTGTNA (Phytophthora

capsici L.) DUYARLILIGI FARKLI BIBERLERIN (Capsicum annuum)
YAPRAKLARINDA KAPSIDIOL MIKTARINA ETKISI

Bu gahgmanrn amacr farkh abiyotik (0.1 M CUSOa ve 0.1 M AgNO:) ve biyotik
[Phytophthora capsici Leon., Alternaria alternata (Fr.) Keissler, Monilinia
fructigena (Aderh ex. Ruhl Honey)l uyancrlar ile inokule edilen duyarh Ince-Sivri35
ve iki dayanrkh hat PM 2I7 veP}d702 (= CM 334)'nrn yapraklannda oluqan kapsidiol
miktarlannr karqrlagtrmaktrr. Genel olarak her iig genotipin, konrollerinde de kapsidiol
bulunmuqtur. Mamafih, miktarlannrn inokule edilen fidelerinkinden farkh oldu[u ortaya
grkanlmrgtr. 0.1 M CuSOa uyancsr Ince-Siwi-35'de en fazla kapsidiol birikimine
neden olmuqtur. Di$er taraftan, 0.1 M AgNO3 ulanclslnda PM702'de Ince-Siwi-35 ve
PM 217'den d0rdiincii giinde daha az kapsidiol oldu$u tesbit edilmigtir. Yukanda bahse-

dilen her iig genotipte de patojen fungusun etkisi farkhdr ve dayanrkh hat @M 702) da
konrolleri ile karqrlaqtrrldfmda daha fazla kapsidiol bulunmu$tur. Her ne kadar uygu-
lamalar arasrnda iig genotipte de Onemli farkhhklar bulunmugsa da duyarh dayanrkh
gegit aynmrnda kapsidiol miktarlanndaki de[igimlerin dayamkhhlr incelemede tek bir
anahtar rol oynamadr$r bulunmugtur.
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ABSTRACT
The aim of this study was to carry out a critical appraisal of tlrc use of bacterial B

- 1,3- glucanase against lettuce downy mildew pathogen, Bremia lactucae. The en-
zyme was found to be effective on the germ-tubes of B. lactucae spores in vitro. The
effects observed on the germ-tubes was similar to those of lyticase.

INTRODUCTION
The enzyme B- 1,3-glucanase is produced by many microorganisms and has the

lytic effect on glucans such as laminarin and yeast cell walls (Sivan and Chet, 1989).
Plants also produce such enzymes in response to the presence of potential pathogens and
it therefore presumed that they play an important role in plant defence mechanism
against invading fungal organisms the cell wall of which are made of mainly either

B- I,3-glucan with some B- 1,6-linkages, chitin or cellulose. p- l,3-glucanase might be
effective in directly inhibiting fungal growrh or by producing short chain B- l,3-glucans
that act as elicitors of further defence mechanisms.

The regulation and activities of chitinase and B- 1,3-glucanase of Trichoderma
harzianum, which is an effective biocontrol agent against fungal pathogens, have been
extensively studied. It has been found that ttre fungus released B- l,3-glucanase and
chitinase into the medium when it was grown in liquid cultures containing laminarin,
chitin or fungal cell walls as sole sources suggesting that they could be the effective in-
gredients during mycoparasitic interactions (Sivan and Chet, 1989; ulhoe and peberdy,

199 1).

Chitinases obtained from Serratia tnarcescens, Streptomyces griseus and
Pseudomonas stutzeri were tested for antifungal activity. The chitinase gene from
s. marcescencs, a gram-negative soil bacterium, was cloned and expressed.in pseu-
domonas spp. The Pseudomonas spp. inhibited Fusarium oxysporum f. sp.
redolens germ-tubes and reduced disease of radish caused by the same fungus (Sund-
heim er a/., 1988). This chitinase was also expressed in E. coli and when tested on
Sclerotium rolfsii and Rhizoctonia solani in cotton under greenhouse condition,
it was found to be effective as bio-conrrol agent (Shapire et a1.,1989).

Doi et al. (1973) analysed lhe two glucanase (I and II) in the liquid culrure of a
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Artrobacter sp. strain YCWD3. They found that the enzyme was srable at 30oC and
for 100 min but lost activity when incubated above 60"C and at pH values from 3 to 8,
the optimum pH was found to be 5.5-6.5.

Since bacterial hydrolases showed encouraging antifungal activity in vitro and
some iz vivo,we were interested in the effects of microbial B-1,3-glucanase on the
growth of. Bremi"a lactucae, which is a downy mildew pathogen of lettuce.

MATERIALS AND METHODS
Streptomyces strain
Isolates of the S/reptomyces lividans sfain (TK-24) that was transformed

either with plasmid pIJ690 containing the B-1,3-glucanase gene in the Streptomyces
expression vector or with the vector alone, here were kindly provided by Dr. Maureen
Bibb (John Innes Institute/England). The B-1,3-glucanase gene was cloned from
Arthrobacter sp. strain YCWD3 by Doi and Doi (1986).

S. lividans strains were grown at 30 oC on R2YE solid medium or yEME
liquid medium. The solid medium containing (g per litre of distilled water): sucrose,
103; KzSO+,0.25; MgCl2.6H2O, 10.12; glucose, 10; Difco casaminaoacids,0.l; Difco
bacto agar, 22 was prepared and autoclaved, At the time of use, the following filter
sterilizedsolutionswereadded;8mlof 0.57oKH2PO+:@mlof 3.387oCaC1z;12mlof
20Vo L-Proline; 80 ml of TES buffer (pH 7.2); 4 ml of lN NaOH. YEME medium
conlaining (g per litre of distilled water): Difco yeast extract, 3; Difco bacto peptone, 5;
oxoid malt extract, 3; glucose, l0; sucrose, 340 was aufoclaved and 2 ml of filter
sterilized 2.5M Mgcl2. 6H2o: was added. Thiostrepton was included at the
concentrations of 50 pg/ml and l5pg/ml in R2YE and YEME, respectively, to select
for the presence of the plasmid in ttre S.liviilans cultures.

Purification of the p-l,3-glucanase
S. lividans strains were grown in the liquid culture for 4 days with vigorous

shaking. The culture was then centrifuged at 20.000 g for t hour at 4 "c. The superna-
tant was transferred into a clean flask and 697 mg ammonium sulphate/ml supematant
was added and stirred at4 oc for 2 hours. The mixture was spun at 12.000 rpm for 15
min at 4 oc and the supernatant was dialysed against glucanase assay buffer at 4 oc

overnight. The next day, the mixture was passed through a disposable desalting column
and then used in a glucanase assay and pathogenity test.

Glucanase assay
p-1,3-glucanase activity was assayed by measuring the rate of reducing sugar

production using laminarin (SIGMA) as a substrate. Assays were carried out by the
method of Abeles and Forrence (1970) with some modifications. Two sets of microfuge
tubes (2/sample) containing 100 pl assay buffer were prepared , and 20 prl of the super-
natant was added to the one ser and labelled (+), anothel one blank (-). Then 100 pl of
laminarin solution (40 mg/ml) was added to all rubes, mixed and incubated 30 oc for 2

116



Y. CANIHO$ andJ. BAYNON

hours. The reaction was stopped by adding dinitrosalicylic reagent and heating for 5
minutes. The absorbance was measured at 540 nm wavelength. Standards of enzyme

substrate were included.
In vitro application of the B - l,3-glucanase to B. lactucae spores
Spore suspension of B. Iactucae was prepared according to the method of

Maclean and Tomerup (L979). The spores were germinated in sterile distilled water on
glass slides which had been cleaned with acetone and rinsed with sterile distilled water
for 3 hours. After 3 hours incubation in a 15 "C incubator,50 pl ofa solution ofpartially
purified B- l,3-glucanase was added onto 20 pl of spore suspension. Purified supernatant
from S. lividans that contained the vector only, boiled purifired B- 1,3-glucanase, dif-
ferent concentrations of lyticase, and sterile distilled water were included as controls.
Lyticase solution, that was orginally from Arthrobacter luteus, supplied from Sigma
(I--8012) was prepared in sterile distilled water. After overnight incubation wittr the test
solutions, they were examined under light microscope.

RESULTS
Glucanase activity
Glucanase activity was detectable when the B- l,3-glucanase gene was expressed

in a Stretomyces lividans secretion system. Cultures of S. liviilau were glown
in YEME medium, containing thiostrepton, shaking at 30 oC for 4 days. The purified
samples were used in assays to monitor their ability to release reducing sugars from the
long chain B-glucan laminarin. As it is seen in Table 1, the enzyme activity in the
culture of Streptomyces harboring plasmid containing the glucanase gene was 10-150
times higher than in cultures of both controls, Streptomyces culture only and Strep-
tomlces harboring vector plasmid without the B-1,3-glucanase gene.

Table 1. B-1,3-glucanase activity (the assay was repeated three times)

Samples Glucanase activity
(Lyticase units/ml culture)

Control (S treptomyces culture)

Confol (Strep. harbouring vector plasmid)

Streptomyces harbouring plasmid containing
the glucanase gene

23.5

423.5

3&8
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Effects of the B-1,3-glucanase on B. lactucae in vitro
Effects of different treatments on spore germination are shown in Table 2. In the

presence of lyticase (supplied by Sigma) at a concentration of 0.5 unit pl water, germ-
tubes of B. lactucae were shorter compare to control spores in distilled water and they
also had swollen tips. The germ-tubes subsequently started lysing from the tips. How-
ever, when half concentration (0.25 unit/pl) was applied, about 507o of spores germina-
ted, as in the water control, and some of them produced relatively short germ-tubes with
swollen tips (Table 2). Spores in ttre B-1,3-glucanase solution purifired from the Strep-
tomlces culture reacted in a similar manner to lyticase treatrnent (0.5 unit/pl) the ger-
mination tubes were quite short with swollen tips, also lysis of germ tubes was obser-
ved. However, spores germinated in the solution extracted from Streptomyces culture,
which harboured the vector construct only, differed from lyticase and water controls
and from the B-1,3-glucanase treatrnent. Germ-tubes were longer than in the lyticase
and glucanase treatment and thinner than in the water control., Germ tubes from each
treatment, were clasified according to their shape. Four types were observed; type 1,
short germ tubes wittr swollen tips; type 2, short germ tubes with no swollen tubes; type
3, relatively long but thinner than in water control; tpe 4, as in water control.

Table2. Effect of different treatments on the germ tubes of B. Iactuae.

Treatments Typel (Vo) Type? (Vo) Type3 (Vo) Type4 (Vo)

Lyticase (0.5 unir/pt)

Lyticase (0.25 unit/pl)

Vector

Denatured B-1,3-glucanase

Purified B- 1,3 -glucanase

Water

DISCUSSION
This work shows that S. lividans is a very effective host foqtthe secretion of

naturally secreted proteins from Arthrobacter and such secreted products can be
present at very high concentrations in ttre culture supernatant.

There is considerable direct and indirect evidence for the role of B-1,3-glucanases
in defending plants against fungal infections (Linthorst, 1991; Broglie and Broglie,
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1993). Plant B-1,3-glucanases have been purified and tested for their in vito antifungal
properties. The general conclusion from in vit,o tests is ttrat B-1,3-glucanases is effec-
tive against glucan containing fungi (Mauch et al., 1988; Roberts and Selitrennkoff,
1988).

To assess the in vitro antifungal activity of the B-1,3-glucanases ftom Arthro'
bacter sp., the enzyme was partially purified from liquid culture of S. lividans ex-
pressing the Arthrobacter p-I,3-glucanases. The in vilro assay could be done only on
germ tubes of B. lactucae, as the fungus is an obligate parasite it was not possible to

use hyphae or other structures to observe inhibition zones. Glucanasc activity in p-1,3-

glucanase transformed Steptomyces culture was about 9 fold higher than vector or un-
transformed controls. In the lyticase conrol i[ was clear ttrat ttre germ tubes were shorter

and had more swollen tips than water control. Lysis of the germ tubes was also observed

in the lyticase featment. Similar results were obained when partially purified B-1,3-
gluca-nases was applied; i.e. short germ tubes, swollen tips and lysis. However, in the

vector control, germ tubes were not as short as glucanase applied ones but had swollen
tips and were thinner than the water conftol. Therefore, the reaction was not similar to

either of the other controls or the glucanase treatment. This is most probably due to the

content of the culture and also the secretion of other substances from the Streptomyces.
Therefore, it is unlikely to produce the same reaction as eittrer controls.

Only in lyticase and glucanase, treatments was the growth of germ tubes inhibi-
ted due to swelling and lysis. In fungi, wall extension is restricted to the hyphal tip and
is thought to represent a balance between synthesis and degradation of the main wall
components, chitin and glucan. The newly synthesised glucan at the tip is in a nascent

stage and therefore particularly susceptible to the B-1,3-glucanase or chitinase. No lysis
was seen in fungal spores suggessting that their walls may be protected from glucanase

digestion.
In conclusion this study showed that endo-acting B-1,3-glucanase of Athrobacter

has direct effect on the growth of B. lactucae. Therefore, B-1,3-glucanase can be used
to engineer resistance to fungal pathogens in lettuce in future studies. Some studies
showed that overexpression of B-1,3-glucanase did not increase the resistance of tran-
genic plants against fungal attack (Neuhaus et a1.,1991). The fungus has probably
adapted to the defence mechanisms of plants, therefore it might be a good idea to ex-
press hydrolases from unrelated species in plants. The new activities represented by
these hydrolases may be effective against the pathogenic fungi so that the new hydrolas-
es cannot, be overcome by the invading fungus.

6zwr
BAKTERI ORIJINLI B-1,3-GLUCANASE ENZTMiMN MARULDA

MILDIYO ETMEM BREMLA LACTUCAE UZBNINP ETKTSI
Bu gahqma bakteriyel p-1,3-glucanase enziminin marul mildiyO etmeni B. lactu-

cae'nrn geligimi iizerine etkisini aragtrrmak amacryla yaprlmrqtr. Enzimin in vitro'da B.
lactucae sporlannrn gimlenme tiipleri iizerinde etkili oldu$u bulunmuqtur. Mikrosko-
bik incelemelerden bu etkinin lytikaz enziminin etkisine benzer oldu$u gOzlenmiqtir.
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Bu gahgma sonunda e$er bu enzimi kodlayan gen uygun bir vektdr igine klon-
lanrp bitkiye aklanlrsa bitkinin hticre duvannda glucan igeren funguslara kargr daya-
nrkhk kazanacagr konusunda Onemli bilgiler elde edilmigtir.
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Evaluation of Various Treatments of Inducing Resistance
to Fusarium Wilt on Melons

ABSTRACT
Applicabitty of induced resistance by trifluralin and microorganisms against Fu-

sarium Wilt of melon on Yuva cv. caused by race 1.2 was evaluated. Application of trif-
luralin at the rate of 30 and 60 pm/ml to seeds and 0.5 and 1 p g/g to soil decreased the

disease incidence 2I.5,I2.9,39.8 and 52.0 Vo respectivelly after 36 days of inoculation.
Soil treatment was more effective compared to seed treatment in the case of inhibition
of disease. Seed applications of the two isolates of nonpathogen Fusarium oxyspo-
rum [ (18) and (9) ] and two formae speciales of it (f. sp. Iycopersici and f. sp. nive-
um) yielded 47.3,38.1,29.3 and,32.l Vo reduction in disease incidence while root appli-
cations of them gave 45.3, 40.I,32.8 and 31.3 7o reduction. Localized leaf infections of
the first true leaf of melon by Collectotrichum lagenarium did. not protect the plants

against the disease while reatment of melon seed with culture filtrates of it gave 29.5 Vo

disease protection. When seed treatment of nonpathogenic F. oxysporum isolate 18

was combined with application of trifluralin at the rate of 60 pglml to seeds and 1 pg/g
to soil decreased the disease incidence 41.0 and 51.0 Vo respectivelly after 36 days of
inoculation.

INTRODUCTION
Melon production in Ankara is IM 2t[7 lons and this makes 12.28 Vo of the total

production of Ttirkiye, that is 1 500 000 tons (Anonymous, 1992).

One of the most serious disease of this crop is Fusarium Wilth caused by Fusar-
ium oxysporum Schlecht emend. Synd & Hans. f. sp. melonis Leach & Ct rrence.

Many farmers have almost given up growing melon because of the increasing in-
tensity of the disease, unlikely effective chemical conEol, infeasible rotation, presence
of more than one race of tle pattrogen in the same place and insufficient resistant culti-
vars to all tle races.
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EVALUATION OF VARIOUS TREATMENTS OF INDUCINE RESISTANCE

Four races of the pathogen; 0,1, 2, L.2, exist. Fantino andZengn (1974), isolated
race I.2 from wilted plants showing intensive root rot in Eastern Thrace. In the Eagean
Region, Yidrz (1977) recovered tree races of the pathogen, race 1 being the most com-
mon (57 7o) following race L.2 (35 7o) and race 0 (6 7o). Yiicel (1992) also obtained ra-
ces 0, 1 and 1.2 in the Mediterrenean Region.

Most of the cultivars grown in Tiirkiye are susceptible to all races of the patho-
gen. Some local cultivars grown in a limited exient were found to be resistant against
some races. Yrldrz (1977), screened 48 melon cultivars against lhe race I.2 anddid not
find any resistant one. Resistant cultivars haven't been released so far in the world also.

Induced resistance in plants has been shown by several workers to be a common
response to nonpathogenic bacteria, viruses, fungi and treatment by some chemicals
(Kuc, 1982; 1991). Resisrance ro Fusarium wilt of melon is induced by the application
of rifluralin to the soil (Grinstein et al., 1984; Cohen et al., 1986). Besides this, various
experiments were designed to clarify if decrease of wilt in muskmelons induced by s!
multaneous or prior inoculation with less virulent strains of the pathogen or incompatib-
le races of Fusarium oxysporum is due to competition with the pathogen or to induc-
tion of a resistance mechanism in the plant(Mas, 1967; Maraite, 1970; Meyer and Ma-
rute,l97l; Mas and Molor, 1974; Molot etal.,1979: Maraite 1982).

In this research we intended to find out the applicability of some chemicals and
microorganisms in control of Fusarium Wilt of melons. Trifluralin as a chemical, nonpa-
thogen melon isolate 9 and 18 of Fusarium oxysporum, and two formae speciales (ff.
sp. Iycopersici and niveum), and anthracnose pathogen collectotrichum lage-
narium as microorganisms were tested. In addition combination of the effective treat-
ments was also employed.

MATERIALS andMETHODS
We used an isolate of race 1.2, obtained from Polath, Ankara and chosen as the

most virulent one on both cultivars Yuva and Charentais. Yuva which is the most widely
grown and appreciated cultivar in Central Anatolia was used during our study. This cul-
tivar was also found to be susceptibte to all races of the pathogen (yldtz,1977).

fnoculation of the Pathogen
Fusariam oxysporum f. sp. melonis was almost always inoculated to tle

seedling at fhst true leaf emergence state by dipping the roots to the 106 conidia /ml sus-
pension of it (Latin and Snell, 1986:z:r;rk and Gubler, 1986). In the case of Colletotri-
chum Iagenarium leaf treatment, inoculation of Fusarium oxysporum f. sp. melo-
nis was done at two true leaf stage.

Melon seedlings were growh in plastic trays containing a soil mixture of 95.6 Vo
washed river sand, 3.8 7o clay and 0.6 qo organic matter. Inoculated seedlings were
maintained in a soil mixture of garden soil, well fermented manure and river sand
(r:l:2) at 26!2oc day and 20t2"c night temperature, 50-60 vo relatwe humidity and
alternated 10 hours darkness and 14 hours light (11 000 liix intensiry).
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Inoculation of the Other Fungi
Nonpathogenic isolates of F. oxysporum 18 and 9 were isolated from diseased

melon plants, grown in naturally infected fields. Fusarium oxysporum f. sp. Iyco-
persici (Sacc.) Snyder and Hansen was obtained from Dr. Seral YUCEL @lant Protec-

tion Research Institute, Adana, Tiirkiye). Fusarium oxysporum f. sp. niveum @. F.

sm.) snyder and Hansen (0667TX-HC3-13B) was obtained from Dr. charlie BILES
(Texas A & University, TX77843, USA).

Nonpathogenic Fusaria were inoculated either to seeds or to seedlings. Seed ino-

cularion was done by dipping the seeds in suspension of 107 conidia/ml of the respective

fungi. Seedling inoculation of the nonpatrogenes was performed the same as the patho-

gen at the concentration of 107 conidia/ml.

Colletotrichum lagenarium @ass) Ell. & Halst. was obtained from Dr. Jo-

seph KUC (University of Kentucky, Lexington, USA). Prior inoculation of C. lage-

narium was done with thirty 5 pl drops of conidial suspansion 106 conidia/ml on the

first true leaf (Gessler and Kuc, 1982).

Trifluralin Treatment
Trifluralin was applied in two ways, to the soil and to *te seed. Soil treatment

was achieved by mixing the chemical at the rates of 0.5 - I pg a.i./g soil (Cohen et al.,

1986; Grinstein et al., 1976: 1984). Seed treatment was performed by dipping in the

emulsion at the rates of 30 and 60 pg/ml water for t hour.

Treatment with Culture Filtrate of Colletotrichum lagenarium

Culture filtrate of C. lagenarium was prepared by modifying the method of
Mas and Molot (1974) for F. oxysporum f. sp. melonis. Culture filtrate of C. lage-

narium was applied to seeds by dipping for t hour.

Combination of the Treatments
Combinations of effective Eeafinents; seed treatment of non-pathogenic F. oxy-

sporum isolate 18 + trifluralin at the rate of 60 U.g/ml. and seed treatment of non-

pathogenic F. oxysporum isolate 18 + rifluralin soil application at the rate of 1 pglg

were tested. These treatments were achieved in the same way as the individual freat-

ments.

Evaluation of the Disease
Disease ratios were calculated by using 0-3 scale in which 0 : no disease symp-

toms; 1 : yellowing of leaves; 2: wilting ; 3 : complete death (Zink and Gubler, 1986).

Disease progress was observed from 12th day after challenge inoculation till 36th day

and disease ratios were calculated for every four days. Statistical analysis of each treat-

ment was done on the 36th day on percent disease. Comparison of the treatments was
done on percent disease inhibition values. The differance was evaluated by Duncan's
multiple range test.
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RESULTS AND DISCUSSION
Effect of Trifluralin Treatments
Trifluralin seed treatment reduced disease ratio to some extent. Even though ttris

reduction was statistically different from the control, it was not sufficient (Table 1).

Table 1. Disease ratios obrained 36 days after Fusarium oxysporum f. sp. melonis
inoculation following seed treatment with nvo different rates of trifluralin.

Concentration of rifl uralin
(pg / ml water)

Disease rauo*(Vo)

o
30

60

68.8 a

47.3 c
56.0 b

* Numbers following by the same letter are not significantly different (P= 0.05)

Trifluralin soil treatment significantly reduced percent disease and there was no
differance between the two rates (Table 2).

Table2. Disease ratios obtained 36 days after Fusarium oxysporum f. sp. meronis
inoculation following soil application wittr two different rates of rifluralin.

Effect of these treatments on disease progress was observed from 12th day after
challenge inoculation till 36th day. There was a delay in the disease appearence and a
reduction in diseasepercentage (Fig. la, 1b).

Application of trifluralin at the rate of 30 and 60 mg/ml to seeds and 0.5 and I
mg/gto soil decreased the disease incidence 2!.5,12.9,39.8, and 52.0 vo respectivelly
36 days af[er inoculation, being the soil treatment markedly more effective than the
seed treatment (Table 3).

r24

Concentration of trifl uralin
(rB / ml waterl

Disease nno*(Vo)

o
0.5

1

77.2 a

37.3b
25.2b

* Numbers following by ttre same letrer are not significantly different (p= 0.05)
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Fig.l. Effect on the disease progress of various treatments;

a. nifluralin seed fieaftnent, b. Eifluralin soil application.
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Table 3. The ratios of disease inhibition of seed and soil treatments of trifluralin com-
pared with nontreated diseased controls (after 36 days from inoculation)

* Numbers following by the same lctter are not significantly different (p= 0.05)

Effect of Nonpathogenic Fusaria
Seed treatment with nonpathogenic Fusaria also affected the disease and F. oxy-

sporum isolate 18 yielded the lowest amount of disease and it was significantly diffe-
rent than the other formae speciales of F. oxysporum (Table 4).

Table 4. Disease ratios obtained 36 days after Fusarium oxysporum f. sp. melonis
inoculation following seed treatment of nonpatlogenic Fusaria.

* Numbers following by the same letter are not significantly different (p= 0.05)

Nonpathogenic Fusaria applied to the seedlings also reduced the disease. Non-
pathogenic F. oxysporurz isolates reduced the disease much more (Table 5).

t26

Trifluralin

Type of treatment Concentration

Disease inhibition

rauo *(Vo)

seed

seed

soil
soil

30 pg / ml water
60t S/mlwater
0.5 ttg / ml water
I lrg / ml water

21.5b
12.8 b
39.8 a

52.0 a

Isolates of F. oxysporum
(10? conidia / ml)

Disease ratio *(7o)

F. oxysporum f. sp. Iycopersici
F. oxysporum isolate 18

F. oxysporum isolate 9
F. oxysporumf. sp. niveum

86.6 a

59.3 b
41.3 c

50.5 bc

56.5 b
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Table 5. Disease ratios obtained 36 days after Fusarium oxysporum f. sp. melonis

inoculation following seedling treatment of nonpathogenic Fusaria.

Isolates of F. oxysporunt

(107 conidia/ ml)

Disease rato*(Vo)

F. oxysporum f. sp. Iycopersici

F. oxysporum isolate 18

F. oxysporum isolate 9

F. oxysporumf. sp. niveurn

81.1 a

48.3 b

35.8 c

41.0 c

49.8 b

* Numbers following by the same letter are not significantly different (P= 0.05)

Application of nonpathogenic Fusaria to seed and seedling delayed the disease

appearence and caused a decrease in disease percentage @g 1c, 1d).

- Control

-F F.o.l.

+iF.o.18

* F.o.9

* F.o.n

012162024283236
TIME AFTER tNOCULAT|oN (Days)

Fig. 1. Effect on the disease progress of various trcatments;

c. Nonpathogenic Fusaria seed treatrnent,
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*'control

-F F.o.l.

-'i F.o.1 8

+ F.o.g

+- iF.o.n

'i? 16 2A 24 2A 32- 33

TIME AFTER INoCULAT|oN (Days)

Fig. 1. Effect on the disease progress of various treatments;

d. Nonpathogenic Fusaria seedling Eeatment,

The nonpathogenic F. oxysporurz (isolate 18 and 9) and two formae speciales
(ff. sp. Iycopersici and niveum) of F. oxysporutn gave 47.3,38.1,29.3 and,32.1 Vo

reduction in disease incidence with seed application and 45.3, 40.1,32.8 and 3I.3 Vo

reduction with root application respectivelly (Table 6).

Table 6. The ratios of disease inhibition of seed and seedling treatments of nonpatho-
genic Fusaria compared with non-treated diseased controls (after 36 days
from inoculations)

G- 80
o\

;-
#u.
IJJ
@

H+o
o

!
l

I

Fasarium
Treatment

seed

seed

seed

seed

seedling

seedling

seedling

seedling

F. oxysporum f. sp. Iycopersici
F. oxysporum isolate 18

F. oxysporum isolate 9
F. oxysporum f. sp. niveum
F. oxysporum f. sp. Iycopersici
F. oxysporum isolate 18

F. oxysporum isolate 9
F. oxysporumf. sp. niveum

oxysporum
Isolate (107 conidia / ml)

Disease inhibition
ratro* (Vo)

29.3 c

41.3 a

38.1 abc

32.1abc
32.8 abc

45.3 ab
40.1 abc

31.3 bc

x Numbers following by the same letter are not significantly different (p=0.05)
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Disease inhibition ratios of various treatments of nonpathogenic Fusaria were not

staristically significant.

Effect of Colletotrichurn lagenarium
Prior inoculation of C. Iagenarium al two intervals did not cause any reduction

in percent disease (Table 7).

Table 7. Disease ratios obtained by prior inoculation of Colletotrichum lagena-

rium at two different intervals (36 days after Fusarium oxysporum f. sp.

melonis inoculation)

Time between two

inoculations (days)

Prior inoculation

(106 conidiy'ml)

Disease ratio*(Vo)

J

J

7

7

C. tagenarfum

C.lagenarium

91.2a
86.2a

84.5 ab

73.0 ab

* Numbers following by the same letter are not significantly different (P= 0.05)

Culture filtrate of C. lagenarium also reduced the percentage of the disease

compared to tle controls (Table 8).

Table 8. Disease ratios obtained 36 days after Fusarium oxlsporum f. sp. melo-

zis inoculation following Colletotrichum lagenarium culture filtrate
application of seeds.

* Numbers following by ttre same lettcr are not significantly different (p= 0.05)

Application of culture filtrate of. C. Iagenarium delayed the disease appearence

and caused a decrease in disease percentage (Fig. le)
r29

Treatment Disease raio*(Vo)

C. lagenariun culture filtrate

84.5

s5.0
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012162024283236
TIME AFTER TNOCULATTON (Days)

Fig. 1. Effect on the disease progress of various treatments;
e. C. lagenariurz culture filtrate application of seeds,

Effect of Combination of Effective Treatments
The combination of trifluralin and nonpathogenic F. oxysporum isolate 18 also

yielded comparitivelly low disease incidence but the two combinations did not differ
(Table 9).

Table 9. Disease ratios obtained 36 days after Fusarium oxysporum f. sp. melo-
nis inoculation following combination of trifluralin and F. oxysporurn iso-
late 18.

* Numbers following by the same letter are not significantly different (p= 0.05)
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Disease progress of the combined treatments also showed a different trend.
Combination of trifluralin soil application and lt. oxysporum isolate 18 seed Eeafinent
delayed ilre disease appearence (Frg. 10.

r00

8i

6{j

c12162021283235
TIME AFTER tNOCULATION (Days)

Fig. 1. Effect on the disease progress of various treatments;
f. Combination of trifluralin andF. oxlsporum isolate lg.

Comparision of Effective Treatments
Results of the comparision of the effective treatments are summarized in Table

10.

Table 10. The ratios of disease inhibition of effective featrnents compared with non-
freated diseased controls (after 36 days from inoculation)

8
o
EE
uJ
(n

uJ
U)
o

-,Control
+' Trf.(s€ed)+F.o.18(sd)

'r- Trf.(sool)+F.o.1B(sd)

/
--T

I
I

--r

Treatment Disease inhibition
ratto *(Vo)

Trifluralinl
F. oxysporum isolate 182
F. oxysporum isolate 92
F. oxysporumf. sp. niveumz
F. oxysporumf. sp. Iycopersiciz
C o Ue to trichum lag e narium3
Trifluralin (seed) + F. oxysporum t8a
Trifluralin (soil) + F. oxysporum l8s

46.0 a
46.3 a
39.2ab
3t.7 b
31.1b
29.5b

41.0 ab
51.0 a

* Numbers following by ttre same letter are not significantly different (p= 0.05).
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1 Soil applications of trifluralin (averagc of 0.5-1 pC / g)

2 Average of seed and seedling application of all F. oxysporum streins

3 Seed treatment with culture filtratc of C. lagenarium
4 Seed treatment of trifluralin (60 pglml) and nonpathogenic ln. oxysporum 18 (107 c/

ml)

5 Soil application of trifluralin (1 pglg) + seed treatment of nonpathogenic F. oxy-

sporum 18 (107 conidia / ml)

Trifluralin seed treatment and leaf inoculalion with C. lagenariutz were not

taken into consideral.ion since the former was lcss effective than soil application and the

latter was ineffective. Since the effects of seed and seedling treatments with F. oxy-

sporum and two rates of trifluralin soil treatment were not statistically different the

mean values were given.

When various treatments were compared the highest disease protcction was ob-

tained by combination of trifluralin soil treatmcnt and nonpathogenic F. oxysporum
isolate 18 seed treatment, but this combination wasn't statistically differcnt from triflu-
ralin seed and F. oxysporum isolate 18 combination and trifluralin soil application

and nonpathogenic.F. oxysporum isolate 18 and 9. Thc othcr nonpathogenic F. oxy'
sporum formae speciales and C. lagenarium culture filtrate gave the lowest disease

inhibition.
The results obtained under artifical conditions might be different under natural

conditions. Under natural conditions, due to the higher light intensity and nutrients

availability plants should be less susceptible. The lower inoculum concentration of the

pathogen in nature could also favor the efficacy of the treatments. So, a higher disease

reduction might be expected in naturally infestated areas.

Trifluralin soil application alone, or its combination with seed treatment with
nonpathogenic F. oxysporum is easier to apply and should be tested in field condi-

tions.
Seed treatment, alone may face with difficulties due to attacks of other pathogens

so seed treatment with fungicidies should also be considered.

Nonpathogenic isolates of. F. oxysporurn can differ in their effects, so more ef-
ficient ones can be found. Penetration and colonization of nonpathogenic Fusaria ap-

plied as seed treatment may be affected in the field conditions. Seedling inoculation is
impractical for field conditions.

6znr
KAVI.JNLARDA FUSARITJM SOLGTJNLUGU'NA KAR$I BAGI$IKLIK
KAZANDIRAN DEGI$IK UYGULAMALARIN DECERLENDiRiLMESI

Kavunlarda, Fusarium oxysporum f.. sp. melonis"in 1.2 nolu ukmrn neden

oldu$u solgunlu$a karqr savaqrmda, trifluralin ve mikroorganizmalarla ba[rgrkhk ka-
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zandrma ydnteminin Yuva kavun gegidinde uygulanabilirli$i araqtrnlmrgtrr. Triflurali-
nin 30 ve 60 pglml dozlannda rohum uygulamasr ve 0.5 ve 1 Fglg dozlannda toprak uy-
gulamasr, hastahfr inokulasyondan 36 giin sonra srrasryla Vo2l.5, Vo12.9, Vo39.8 ve
vo52.0 oranrnda azaltllmr$ur. Toprak uygulamasr, hastahfr Onlemede iohum uygula-
masmdan daha etkili olmugtur.

Kavunda patojen olmayan Fusarium oxysporum'un iki izolat (18 ve 9) ve iki
"formae speciales" i (f. sp. Iycopersici ve f. sp. niveum) ile tohum uygulamasr-sonu-
cunda hastalrk srasyla Vo47.3, Vo38J, Vo29.3 ve Vo32.I orannda dnlenirkep, aynr izo-
latlann kcik uygulamasr da solgunluk geligimini srasryla Vo45.3,9o40.1, Vo32.8' ve
Vo3l,3 orantnda dnlemigtir. Ilk gerEek yapraklarda snth Colletotrichum lagenari-
arz enfeksiyonu bitkileri solgunlu$a kargr korumazken, aynr fungusun kiilttir filtratrnrn
tohuma uygulanmasr hasrahk grkrgrnda Vo29.5 orannda azalmayaneden olmugtur. Pato-
jen olmayan F. oxysporun'un l8 nolu izolaunrn lohum uygulamasr, trifluralinin 60
pg/ml dozunda tohum ve I prg/g dozunda toprak uygulamau ile kombine edildiEinde,
hastalrk grkrqrnda inokulasyondan 36 giin sonra snasryl a Vo4I.0 ve Vo|l.0 oranmda azal-
ma gciriilmiigtiir.
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ABSTRACT
Carduus nutans, Cichorium intybus, Taraxacum officinale were deter-

mined as the host plants of bolh leLtuce big-vein virus and its vector Olpidium bras-
sicae while Cirsium arvense was only the host of O. brassicae

INTRODUCTION
Big-vein disease of lettuce (Lactuva sativa L.; Asteraceae) which is prevalent

in many countries ap well as in Tiirkiye is considered as one of the serious problems of
lettuces. The disease was detected in Erzurum (Ddken et al., 1993) besides Aegean Re-
gion where it was initially symptomatologically determined in Ttirkiye by Fidan and
Ttirko$lu (1988). The lettuce big-vein virus (LBVV) is known to be transmitted by
grafting (Campbell et al., 1961), Olpidium brassicae (Wor.) Dang. (Campbell and
Grogan, 1963) and mechanical inoculation (Huijberts er al., 1990).

Some plant species other than lettuce were found as the hosts of LBVV. As a
matter of fact big-vein symptoms have been reported from endive (Cichorium endi-
via L.) in Netherlands (van Hoof, 1959). In california the pathogen was recovered
from sowthistle (Sonchus oleraceus L.), showing big-vein symptoms, chicory
(cichorium intybus L.) and dandelion (faraxacum officinale weber.) (Campbell,
1965).

* This study is a part of ttre project (TBAG-1120) supported by Turkish Scientific and
Technical Research Council.
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Among tr,e Rste,##fltrfi1?":y#"#X3,"i"'.uus nutans 1., c. inty-
bus' G'irsium arvense (L.) Scop., T. olTicinale and Xeranthemum annuum L.
whicli dire widely distributed in Erzurum, were used in this study. Their seeds were col-
lected from the cultivated areas in Septembcr 1993. The weed species were inoculated at
seeding by placing root residues of lettuces infected by LBVV and its vector O. bras-
Siczie; Plants were raissd in a growth chamber adjusted to 20oC and 16 hours daylength
ilfuminarcd with 20.000 lux fluoresccnl lamps. Uninoculated healthy plants were used
as control. Six webks after the inoculation, root washings of each plant of the species
were bxarninbd under microscope for the presence of o. brassicae zoospores.

The leaves were collectcd separately from each weed species then they were
codled to -20oc and grounded in 0.03 M phosphare buffer (pH 7.0) containing sodium
tlisulphite (2.5 gn), sodium diethyldithiocarbamate (DIECA, 5 gfl) and acrivated char-
c6al (70 g/l) without thawing. The inoculum was mechanically applied wittr a cheese
cloth by gently wiping thc carborandum dusted leaves of Chenopodium quinoa
Willd.'which proved as an excellcnt source of virus inoculum (Huijberts er al., 1990).
After the inoculation, thc leaves were rinsed with tap watcr and the plants were kept in
grilvthchamber for 7 days. Thcn thc leaves werc harvested, coolcd to -20"c, the crude
sap'obtained as mentioned above and mechanically transmitted to Chenopodium gi-
ganteum D. Don. syn. chenopodium amaranticolor (coste and Reyn.) coste and
Reyn" ivheie the virus caused chlorotic local lesions (Huijberc et al., 1990). The inocu-
lated plans were examined daily for local lcsions.

RESULTS AND DISCUSSION
Among the five inoculated weed species except X. annuum zoospores of o.

brasbiaae were observed in the root washings of c. nutans, c. intybus, c. ar-
Yense 'and T. qfficinale. The presence of zoospores meant that they acted as hosts of
O. brassicab and from them C. arvense and C. nutans were the first record as be-
ing,the hosts of O. brassicae.

Seven.days after the inoculation, C. quinoa exhibited rather large local lesions.
Honrpvgr they"usriAily had a diffuse border and were less pronounced due to both low
virus concentration and low stability of the virus in the sap of the weed species. c.
drharintiiolor as a local lesion assay plant expressed riny chlorotic local lesions on
sapinoculated leaves starting 7 days after ttre inoculation done by using the sap obtained
frgm c. qutnaa"which is a suirable hosr for propagation and mainrenance of LBVV
(Huijberts et al., 1990). The inoculum obtaincd from c. quinoa which was separately
inoculaied wirh the sap of c. nutans, c. intybus and r. officinale which were
inoculated at seeding by O. brassicae caused.local lesions on C. amaranticolor.
Amoir! thes'e threeweed species C. intybus and T. officinate were also determined
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as the symptomless host of LBW by Campbell (1965). However with the present study

C. nutans was also recorded as a new symptomless artifical host.

The overwintering of LBVV and its vector O. brassicae in infected lettuce

debris in soil under the severe winter conditions (Ddken er al., 1994) inspired that

LBVV could be also transmitted to the following vegetation period by these weed

species and being perennial plants these weeds could be reservoir hosts of LBVV in
Erzurum Region. So the results indicate that both climatical factors and natural

vegetation in Erzurum seems to be suitable for occurrence of LBVV.

6znt
ERZURUM'DAMARUL IRI NA.TVTEN VIRUSUNTJN BAZI YABANCI OT

TURLERi ILEILI$KILERI
Carduus nutans, Cichorium intybus, Taraxacum officinale ttirleri

marul iri damar virusunun ve Olpidium .brassicae'nrn, Cirsium arvense ise sadece

O. brassicae'nin konukgusu olarak saptanml$[r.

LITERATURE CITED
CAMPBELL, R. N., 1965. Weeds as reservoir hosts of the lettuce big-vein virus. Can. J.

Bot.43: ll4l-1149.
CAMPBELL, R. N. and R. G. GROGAN,1963. Big-vein virus of lettuce and its trans-

mission by Olpidium brassicae. Phytopathology 53: 252-2592.

CAMPBELL, R.N., R. G. GROGAN and D. E. PURCIFULL, 1961. Graft transmis-
sion of big vein of lettuce.

DOKEN, M. T., S. ACIKGOZ and E. DEMIRCI, 1993. Big-vein disijase of lenuce in
Erzurum, Ttirkiye. J. Turk. Phytopath. 22:4I-43.

DOKEN, M. T., S. ACIKGOz andE. DEMIRCI, 1994. Morphology of Olpiilium
brassicae (Wor.) Dang. and its Transmission of big-vein Virus to Lettuce, J.

Turk. Phytopath. 23: 133-142.

FIDAN, U. and T. TURKOdLU, 1988. Ege Bdlgesi marul bitkilerinde gdriilen virus
hastahklan.

HUUBERTS, N., D.R. BLYSTAD and L. BOS, 1990. Lettuce big-vein virus: mechani-

cal transmission and relationships to tobacco stunt virus. Ann. appl. Biol. 116:

463-475.
VAN HOOF, H. A., 1959. Bobbelblad bij sla. Tijdschrift over Planteziekten 65: 24-26.

r37



J. Turk. Phytopath., Yol.24,No.3, 139-143, 1995

Occurrence of Fungal Parasites of Nematodes in
Ehst Mediterranean Region of Tiirkiye

ISSN 0378 - 8024

Ulur GOZEL
University of Qukurova,
Faculty of Agriculture

Department of Plant Protection,
01330 Adana, TURKIYE

the

i. Hatit BLEKQIOGLU
University of Qukurova,
Faculty of Agriculture

Department of Plant Protection,
01330 Adana, TURKIYE

ABSTRACT
In a survey of plant parasitic nematodes in the East Mediterranean region of Tur-

key some nematode species were found to be infected by fungal parasites, Catenaria
anguillulae Sorokin and Monacrosporium ellisosporunt (Grove). These parasites
were frequentty found in samples su{gesting a significant role as antagonists of nema-

tods. This is first report on the occurrence of these fungal parasites from Tiirkiye.

INTRODUCTION
Most of the connol methods used against plant parasiric nematodes are either not

economic and successful or cause problems in environment. The use of some nemati-
cides was limited because of health hazards to production workers or because of their
unacceptable residue levels in ground water. Other control methods, such as crop rota-
tion and resistant crop varieties have some limitations for their use (Kerry, 1987).

There are a lot of natural enemies attaking plant parasitic nematodes in soil.
These antagonists, promising for the biological control of nematodes are: plant-health
promoting rhizobacteria; obligate bacterial parasites; fungal egg pathogens/parasites;

predacious or trapping fungi; endoparasitic fungi; fungal pathoger/parasites offemales;
and endomycorrhizal fungi (Sikora, I992a). The use of soil antagonistic potential to
control of plant parasitic nematodes is an attempt for the integrated crop production (Si-
kora,I992a). There are to main types of biological control: i) repeated application of an-
tagonists to soil and ii) regulation the effectiveness of biological agents in soil ecosys-
tem (Kerry, 1987; Sikora, 1992b).

The use of biological control bases on knowledge of antagonits in soil ecosystem.
There are very few reports on natural enemies of plant parasitic nematodes in the East
Mediterranean region as well as from otler regions in Turkey. Enneli et al. (1994) rc-
ported on two strains of Fusarium oxysporurz Schlecht and ulocladium tuber-
culaturn Simmons. Elekqio$lu (1995) gave some information on bacteria of Pasteuria
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penetrans group infectcd plant parasitic nematodes. He found 14 nematode species
infected by this bacteria including important, plant parasites as: Tylenchulus semi-
penetrans Cobb, Meloidogyne incognita (Kofoid et White) Chitwood, M. ja-
vanica (Treub) Chitwood, M. arenaria (Nela) Chitwood, Pratylenchus penetrans
(Cobb) Filipjev et Schuurmans Stckhovcn and P. thornei Sher er Allen.

Because there is little information on antagonists of nematodes in the East Medi-
tcrranean region, this work aimed to dctermine thc occurrence and host range of fungal
parasitcs of ncmatodes.

MATERIAL AND METHODS
In a survey of plant parasitic nematodes in East Mediterranean region, soil and

root samples were collected from various crop plants since 1993. Details on location and
crop of sampled sides are given by Elckgiollu et al. (1994). Nematodes were obtained
from soil by using a modified Baermann funnel and centrifugal flotation technique.
Nematodes infccted by fungi were separated, counted, mounted and identified to species
level if possible. The fungal parasites were identified after Barron (1977) and Dowe
(1987).

RESULTS AND DISCUSION
Two fungal parasites were identificd: a predatory fangi, Monacrosporium el-

lipsosporum (Grove) (Fig. 1A) and an endoparasitic fungi, catenaria anguillulae
Sorokin (Fig. 1B).

M. ellipsosporutn was found on Aphelenchus avenae, Dorylaimus spe-
cies and on some saprophytic nematode species. This fungus was found frequently on
nematodes collected in different soils from whole region since 1993. In this fungus, the
nematode is sraked by adhesived knobs. Only the knob itselfs is coated with adhesive.
This type of trapping device is common in the higher fungi (Deuteromycetes, Basidiom-
ycetes) (Barron, 1977). Nematodes adhere to 1-3 celledknob and eventually are caught
by several knobs with subsequent penetration and destruction (Barron, 1977: Dowe,
1987).

C. anguillulae belongs to the class ChyFidiomycetes and the order Blastoclad-
iales Lagenidiales. This parasite was found on Longidorr,r sp., Aphelenchu.s spp.,
Dorylaimus spp. and some saprophytic nematode species. c. anguillulae was ob-
served in many samples collected in a survey since 1993. In a peanut soil about 20-50Vo
of. LongidoruJ sp. were parasitizedby C. anguiUulae. Different larval stages as well
as adult females of Longidorns were parasitized by this fungus. Sayre and. Keeley
(1969) noted that adult nematodes are more readily parasitized than larval srages and
suggested that the larger and better developed body openings of adults allow the zoo-
spores to accumulate and penetrate.
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C. anguillutae is the mosl commonly occurring of all the endoparasites attack-

ing nematodes and has many hosts from elcven genera @sser and Ridings, 1973). Bar-

ron (1977) recorded this species in over 90Vo of all samples processcd.

In addition, two unidentified fungus were found on Dorylaimus sp. (Ftg. lC)
and on Aphelenchus avenae (Fig. 1D).

There are a lot fungi in soil ccosystem that parasitize nematodes. In this study all
parasitized nematodes were extracted by motility-dependent methods such as modified

Baermann funnel technique. A less numbcr of samples were extracted by using of motil-

ity-independent methods (centrifugation). Most likely, by the use of a motility-
independent extraction methods more nomatodcs killed by parasites would have been

recovered from the samples. Thus, spesific studies and surveys are necessary to deter-

mine parasitic fungus of nematodcs and to judge their impact on the nematode density.

CONCLUSIONS
Nematodes live in a such complex soil ecosystcm and there are always interac-

tions with other organisms. Thcrcforgthreefold goals arc recommcnded: "to stimulate

interest in the management of naturally occurring antagonists for biological control as

opposed to the inundative release approach; to propose possible standart and innovative

plant production techniques aimed at stimulation of antagonistic activity tiat have been

neglected in favor of organisms that may be of commercial value" (Sikora, 1992a).

Since most nematode species arc attacked by several, sometimes highly spesific para-

sites, the development of a management. system that enhanced such antagonist may

prove useful in controlling plant parasitic nematodes.

6zsr
DOGU AKDENIZ BOLGESI'NDE NEMATODLARIN FI.JNGAL

PARAZITLERfNfN SAPTANMASI
Dogu Akdeniz B0lgesi'nde 1993 yrhndan beri yiiriitiilen suvey galqmalannda

nematodlan parazitleyen iki fungus tijr:d^, Catenaria anguillulae Sorokin and

Monacrosporium ellipsosporum (Grove) saptanml$tr. Nematodlann dnemli anta-

gonistleri olduklan bilinen bu parazitlere incelenen drneklerde sftlftla rastlanm{ff. Bu

funguslar Tiirkiye'de ilk defa bu gahgma ile ortaya grkanlmrgtr.
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Figure 1. Photomicrographs showing A) Monacrosporium ellisosporum with
adhesive knobs (arrow) parasitized Aphelenchus avenae,B) catenaria
anguillulae parasitized Longidorus sp. with zoosporangia (anow), c)
unidentified fungus parasitized Dorylaimus sp., D) unidentified fungus
parasitized Aphelenchus avenae (Scale bars A= 20 * m, B-D = 100 * m).
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ABSTRACT
Phytophthora megasperma isolated from kale and Tyfon and P. megasperma

f. sp. medicaginis isolated from alfalfa, were cnoss-tested for their pathogenicity on

scedlins and oldcr plants of alfalfa and Brassica species in an enviromental growth

chamber and grccnhouse. Phytophthora megasperma was pathogenic on kale, rape,

Tyfon, and alfalfa seedlings. Alfalfa isolate was highly pathogenic on alfalfa seedlings

but it was wcakly pathogenic on Brassica seedlings. In the older plants Brassica
isolate was pathogenic on Brassica but not in alfalfa, while alfalfa isolate was pathoge-

nic only in alfalfa. P. megasperma f. sp. medicaginis appeared to be more host spesific

and it was highly virulent. P. megasperma appeared to have wider host range and it
was less virulent.

INTRODUCTION
Brassica forage crops have desirable characteristics such as cold tolerance, rapid

grcwth and high nutrient content (Guillard and Allinson, 1988). Brassica forages can be
grown after alfalfa.

Phytophthora spccies have divcrse host ranges. The Phytophthora megasper-
ma group contains isolates with a narrow host range, as well as isolates with a vide host
range @rwin, 1983; Hansen and Maxwell, 1991). This important species has not been
reported from Turkey.

At Powell, Wyoming (USA), a Phytophthora sp., resembling the alfalfa pathogen
P. megasperma f. sp. medicaginis Kuan and Erwin, was isolated from both kale @ras-
sica oleracea L. var. acephala DC.) and Tyfon (Brassica rapa L. x Brassica pekinensis
(Lour.) Rupr.) roots showing root rot. The field had been previously planted to alfalfa
(lVtedicago sativa L.). Whether firis was the P. megasperma f. sp. medicaginis that at-
tacks alfalfa reported from Wyoming (Gray et d., 1983) or a different species was not
known. Therefore, cross-pathogenicity studies were conducted in a gowth chamber and
in the greenhouse to dctermine pathogenicity as well as tho experimental host range of
the kale and Tyfon isolates. P. megasperma f. sp. medicaginis isolate from alfalfa was
also included in several experiments.
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MATERIAL and METHODS
Seedlings pathogenicity studies: The pathogenicity of Phytophthora mega-

sperma isolated from kale and Tyfon, and Phytophthora megasperma f. sp. medicagi-
nis isolated from alfalfa, was tested in a series of experiments in a controlled growth
chamber with a 14110 h light/dark cycle and 26/l8UC temperature regime.

Small plastic pots, 10.5 cm in diameter, were used for all experiments. A pasteur-

ized greenhouse soil mix (l/3 sand, 1/3 peat and 1/3 top soil) was used.

A completely randomized design wittr 3 replications was used- Two, 0.5-cm deep
furrows were made in each pot and seeds of 'Premier' kale (Brassica oleracea L. var.
acephala DC.),'Emerald'rape (8. napus L.), Tyfon (turnip x Chinese cabbage hybrid,
B. rapa L. x B. pekinensis (I-our.) Rupr.), and Ranger' alfalfa (Medicago sativa L.)
were placed into funows. Five ml of fungal each furrow prior to seeding. The experi-
ments with the kale, Tyfon and alfalfa isolates were repe.ated 5, 1, and 3 times.

To prepare the inoculum, one liter size bottles, containing 160 ml of sterilized 1/5

strengfir V-8 juice liquid medicum, were inoculated with two, 0.7 mm diameter mycelial
plugs from 7-day-old fungal stock cultures of isolates grown on corn meal agar medium.
There were two culture bottles for each isolate. After 5 days the bottles were shaken to
fragment the mycelium and placed in a horizontal position for 2 weeks to allow forma-
tion of a mycelial mat. Inoculum was prepared by macedating (1 mat in 100 ml steril-
ized distilled water) in a Waring Blender. Approximately 4 weeks after inoculation, rhe
number of surviring plants was recorded.

Older plants pathogenicity studies:
Kale isolate

The effect of P. megasperma isolated from kale on Brassica spp. and alfalfa. In
these experiments a pasteurized greenhouse soil mix was used. Five replications ( 1

plant/pot) were used for each treatment. The design of the experiment was a complete
randomized design. Inoculum of the kale isolate was prepared as previously described in
the seedling pathogenicity studies. Four holes were in the soil at the periphery ofeach
pot and 5 ml of fungal inoculum (sterile water for the controls) was placed in each hole.
These experiments were terminated after approximately 7 months. Also on tlre same
day, the number of surviving plants and the weight of dry shoots were recorded. Infec-
ted root pieces were removed and surface sterilized three minutes with 0.05 NaOCI and
rinsed with sterile water for another ftree minutes. Root pieces were submerged in corn
meal agar containing pimaricin (1 ml/l), penicillin (0.1 gill), and streptomycin sulfate
(0.1 gil). Plates were examined daily for the presence of Phytophthora colonies. These
experemintes were repeated once.

Alfalfa isolate
The effect of P. megasperma f. sp. medicaginis on Brassica spp. and alfalfa.

These experiments were similar to the experiments descrihd above.
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RESULTS and DISCUSSION
Seedlings pathogenicity studies: In most studies P. megasperma isolated from

kale and Tyfon significantly @ < 0.05) reduced seedling numbers in the inoculated
groups when compared to the uninoculated controls. All crop species were affected
similarly. The average percent mortality for all crops was 71.

The alflafa isolate P. megasperma f. sp. medicaginis appeared to be more host
spesific and it was highly virulent towards alfalfa seedlings. The percent mortalitiy was

100. It was also weakly pathogenic to Brassica seedlings.

Older plants pathogenicity studies: After inoculation with the kale isolate of P.
megasperma, a few of tlte inoculated Brassica plants died over the experimental period.

Generally, the dry shoot weight of the confrol plants were higher than the dry matter
weight of the inoculated plants. However, most of the time, these values were not statis-

tically significant. Roots of some of the inoculated Brassica plants showed discoloration
and root rct symptoms. The fungus was recovered from most of the inoculated Brassica
roots. The fungus was mainly recovered from taproots showing discoloration and rot
symptoms. Recovery of the fungus from the secondary roots was very low. Phytoph-
thora was not recovered from the roots of control plants. All of the alfalfa plants, both
in the control and inoculated groups, were survived. There was no statistically signifi-
cant difference between the dry shoot weight of the control and inoculated plants. The
fungus was recovered from one inoculated alfalfa root only. No Phytophthora was
recovered from the roots of control plants.

Approximately one week after inoculation with tha alfalfa isolate P. megasper-
ma f. sp. medicaginis, alfalfa plants showed wilting, leaf discoloration and chlorosis
symptoms. Eventually a few alfalfa plants died. The remaining alfalfa plants showed se-

vere disease symptoms and were severely stunted. All plants in the control group re-
mained healthy. The dry shoot weights of the control plants. The fungus was recovered
from most of the inoculated plants. The fungus was reisolated from tap roots frequenily.
The recovery rate of the fungus from the secondary alfalfa roots was approximately
50V0. There were no statistically significant differences between the number of survivor
plants and the dry shoot weights of the control and inoculat€d Brassica plants. The fun-
gus was recovered from one inoculated kale root only. No Phytophthora was recovered
from other inoculated and control plants.

Kale and Tyfon isolates bottr appeared to have a wide host range. These P. mega-
sperma isolates appeared o be less virulent than the alfalfa isolate P. megasperma f.
sp. medicaginis used in this study.

The host specificity of the alfalfa isolate P. megasperma f. sp. medicaginis has
been reported previously @rwin, 1983).

Under field conditions kale and Tyfon isolates were not isolated from alfalfa
roots and alfalfa isolate was not isolated from Brassica roots.

For identification of ttre Brassica isolates mainly Stamps er al. (1990) key was
used.
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HOST RANGE AND PATHOGENICITY PHYTOPHTHORA ISOLATES

In addition to the pathological characters, p. megasperma from Brassica dif-
fered from the alfalfa pathogen morphologically. Kale and Tyfon isolates were similar
and produced abundant and larger oogonia (48 and 54 p m for the kale and ryfon iso-
lates, respectively). Also these isolates grew faster than the alfalfa isolate. Sporangia
mffNurements for the kale and ryfon isolates were 35x52 and,32x44 p m, respectively.

Brassica isolates grew fluffy on corn meal agar in contrast to the alfalfa isolate
which was granular in appearence. These Brassica isolates appear to be in the p. mega-
sperma Drechs. group described by Hansen and Maxwell (1991).

6zer
BAZI BRASSICA TUFJ-ERI ILE YONCADAN IZOLEEDILEN PITYTOPHTT{ORA

TZOLATLARININ KONUKqULARI VE PATOIENISITELERI
Brassica tiirlerinden izole edilen Phytophthora megasperma ve yoncadan izole

edilen P. megasperma f. sp. medicaginis izolatr kontrollii iklim dolabrnda ve serada fid-
eliklerde ve daha yagh bitkilerdeki patojenisiteleri ydniinden kargrhkh olarak test edil-
migtir. Phytophthora megasperma Brassica ttirleri ve yoncarun fidelik dcineminde pa-
tojenik olarak bulunmu$tur. Yonca izolail yonca fidelerinde yiiksek bir patojenisite
gdstermesine kargrhk Brassica fidelerinde zayrf bir patdenisite sergilemiqrir. Daha yaqh
bitkilerde Brassica izolatr Brassica bitkilerinde patden olmasrna kargllft yoncada buna
rastlanamamrgtr. Yonca izolau yalnrzca yoncada hastahk olu$turmu$tur. p. megasper-
ma f. sp. medicaginis konukguya OzellegmiE ve yiiksek derecede virtilent bir yapr gcis-
termigtir. P. megasperma'ntn konukgulannrn daha genig ve fungusun daha az virtilent
oldu!"u g6rtilmii$riir.
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