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Potential of 防 rticilliumlecαnii (Lecanicillium spp.) hybrid 
strains as biological control agents for soybean cyst nematode: 

Is protoplast fusion an e妊ectivetool for development 
of plant-parasitic nematode control agents? 

Ryoji Shinya1•2• Ai Watanabel， Daigo Aiuchi1，3， Masayuki Tanil， 
Katsuhisa Kuramochi1， Atsuhiko Kushida4 and Masanori Koike1.5 

VerticiUium lecanii is a potentially useful biological con仕01agent但CA)for soybean 
cyst nematode (SCN)， Heterodera glycines. The objective of this study was to screen 
hybrid s仕ainsof V lecanii， derived from protoplast fusion， for e妊ectivecon仕01agents of 
SCN， and to investigate whether the protoplast fusion technique is an e妊"ectivetool for 
development of nematode con仕01agents. Three parental s仕ains01 ertale♂， Mycotal@， and 
B-2) and their 162 hybrid s仕ainswere screened in greenhouse pot tests. Some of these 
hybrid s仕ainssuppressed damage on soybean plants and reduced the density of SCN in 
the soil. In particular， one hybrid s回 in，AaF42， was observed to reduce the nematode egg 
density by 93.2% as compared with the con仕01.Fぽ thermore，this s仕ainsignificantly 
reduced the cyst and egg density as compared with the parental s仕ains.In conclusion， 
some of the hybrid s仕ainsexhibited enhanced biocontrol e妊icacyby protoplast fusion. 
Therefore， the protoplast fusion technique may be a potentially valuable tool for develop-
ing nematode-antagonistic fungi as BCA. ]pn.]. Nematol. 38 (1)， 9-18 (2008). 
Key words: greenhouse pot test， Heterodera glycines， nematode-antagonistic fungi， screen. 

町TRODUCTION

The soybean cyst nematode (SCN) Hetero-

dera glycines Ichinohe， is widely distributed in 

soybean-producing coun仕ies.The losses in to匂l

yield caused by SCN are greater than those for 

any other pest of soybean (Wrather et al.， 2001). 
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These nematodes have generally b巴encontrolled 

by rotating soybeans with nonhost crops， plant-

ing of resistant cultivars， application of an e旺ec-

tive nematicide and organic material， and physi-

cal control techniques such as solarization. The 

combination of biological con仕01with the above 

methods will enhance the e丘町tivenessof the 

nematode control. To date， numerous studies 

have been conducted on the fungal antagonists 

of SCNs (Chen et al.， 1的6;Kim and Riggs， 1991， 

1995; Liu and Chen， 2001， 2005; Meyer and 

Huettel， 1996; Meyer and Meyer， 1995， 1996; 

Tirnper et al.， 1的9);however， few biological con-

trol agents have been commercializ泡d.

Ver加il1iumlecanii (A. Zirnmermann) Vi句as

has been studied as a potential biological control 
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agent for SCN (Meyer et al.， 1990， 1997; Meyer 

and Meyer， 1995， 1996). Verticillium lecanii is 

ubiquitously distributed in soils， although this 

fungus is mainly isolated from insects. In addi-

tion， it is known that V. lecanii has a broad host 

range， e.g.， insects， phytopathogenic fungi， and 

plant-parasitic nematodes (Hall， 1981; Meyer et 

al.， 1990). Although in previous laboratory and 

greenhouse studies， 1 strain of V. lecanii was 

found to exhibit a high virulence to SCNs， this 

strain was found to be a poor colonizer of the 

soybean rhizosphere (Meyer et al.， 1998). 

However， it is quite likely that other strains are 

more aggressive rhizosphere colonizers because 

V. lecanii poss白 sesvaried abilities among dif-

ferent s仕ains(Sugimoto et al.， 2003). 

The basic collection method for fungal 

antagonists of plant-parasitic nematodes is to 

isolate the fungi from nematodes or other organ-

isms living in soils. However， it is ex仕emelydif-

ficult to collect large numbers of a single fungal 

species because their isolation and identification 

is tirne-consuming. Uziel and Sikora (1992) indi-

cated that the ability of V. lecanii to infect the 

potato cyst nematode， Globodera pallida， could 

not be related to a particular trait of the host 

from which an isolate originated. Furthermore， 

they suggested that V lecanii isolated from a 

nontarget insect could be a source of e旺'ective

biological con仕01targeted at G. paUida. 

Protoplast fusion， which promotes the 

recombination of whole genomes， even between 

incompatible strains， is a useful tool in strain 

irnprovement and in the development of hybrid 

strains of entomopathogenic and phytopatho-

genic fungi (Cout，回udieret al.， 1的6;Hocart and 

Peberdy， 1989; Lalithakumari， 2000; Pe'er and 

Chet， 1的0;Silveira and Azevedo， 1987)， and the 

fungal agent derived by protoplast fusion of 

Trichoderma harzianum has been commercial-

ized as F-stop@ (Eastman Kodak Co.， Roch白 ter，

NY) for con仕01of several soil-bome phytopatho-

genic fungi (Harman and Hayes， 1993). It is 

known that the hybrid s仕ainsacquire increased 

virulence， a wide spectrum of activity， and high 

rhizosphere competence as a result of such a 

genetic recombination (Couteaudier et al.， 1的6;

Sivan and Harman， 1991; Viaud et al.， 1998). 

Aiuchi et al. (2004) conducted protoplast fusion 

among three strains of V. lecanii and obtained 

174 hybrid strains. Therefore， the objective of 

this study was to comp訂 ethe relative potential 

of these hybrid strains of V. lecanii as biological 

control agents但CAs)against SCNs with that of 

the parental strains in greenhouse pots and to 

determine the efficacious s仕ains.

MA  TERIALS AND METHODS 

Nematode inoculum: 

The SCN used as the inoculum in experi-

ment 3 was grown in the greenhouse on soybean 

(cv. Kurosengoku). Ten weeks after SCN inocu-

lation， the cysts in the soil were collected using a 

method described by Y oshihara and Kegasawa 

(1989)， and then crushed in order to release the 

eggs. The eggs were separated from the debris 

by passing them through a 64-μm pore sieve to 

remove debris. The eggs were rinsed 5 times 

and suspended in 50 ml sterile distilled water in 

an autoclaved beaker， and incubated at 28
0

C. 

After a 10-day incubation， second-stage juve-

niles 02) and eggs were used as inoculum for the 

expenment. 

Fungal αllturing and inoculum: 

In experiments 1 and 2， each strain of V. 

lecanii (parental and hybrid) was cultured on 

potato dextrose agar伊'DA;Difco Laboratories) 

at 25"C for 14 days before using them in the 

experiments. The agar disks (5-mm diameter) of 

each s仕ainwere added to 30 ml of wheat bran 

medium (1:4， wheat bran/potting soil) in 50-ml 

Erlenmeyer flasks， and the cultures were then 

incubated for 14 days in darkness at 25"C. 

In experiment 3， each strain of V. lecanii was 
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αltured on PDA at 25"C for 14 days， and then 

the conidia were scraped from the culture with a 

sterile glass rod and suspended in sterilized 

water to obtain a conidial suspension. The sus-

pension was filtered through the gauze to 

removemy白 lialfragments. The conidia suspen-

sions were pelleted by centrifugation at 3，000 

rpm for 5 min and the pellets were resuspended 

in sterile distilled water. The concentration of 

each conidia suspension was adjusted to 1 X 107 

conidialml. 

Experiment 1 (First screening against soybean 

cyst nematode ): 

Three parental strains 01 e此alec'li¥Mycotal@， 

and B-2) and 162 hybrid strains derived from 

these three parental s仕ains(Aiuchi et al.， 2∞4， 

2008) were used in experiment 1. Two of these 

paren tal strains， Vertalec嘩 andMycotal@ 

(Koppert UK Ltd.， Wadhurst， East Su田ex，UK)， 

are exploited commercially in order to control 

aphid and whitefly， respectively. A third 

parental strain， B-2， isolated from green peach 

aphid at Obihiro was also utiliz疋d.

Soybean seeds (Glycine max (L.) Merr. cv. 

Toyohomare， susceptible to SCN) were sown in 

6-cm diameter pots containing fungus-inoculat-

ed soil (95% potting soil， Takii Seed Co. Ltd.， 

Kyoto， ]apan; 5 % wheat bran with fungal inoα1・

lation). The potting soil and the wheat bran with 

fungal inoculation were uniformly mixed. After 

five days， the seeds had germinated and were 

仕ansplantedwith soil directly into 9・cmdiame-

ter vinyl pots containing potting soil along with 

45 cysts of SCN isolated from natural SCN-

infested field soil using a method described by 

Yoshihara and Kegasawa (1989). One pot per 

fungal trea仕nentwas prepared. 

The plants were harvested after a further 

eight weeks， and the cyst index of the roots and 

leaf symptoms were estimated visually. The 

control pots were inoculated with cysts only. 

The cyst index of the roots was scored on the 

basis of the number of females and cysts (here-

after referred to as “cysts") on the roots， on a 

scale of 0 (no damage)旬 4(extensive damage) 

as follows: 0 = no cysts; 1 = several cysts can be 
found on the root; 2 = light attacks， no more 

than 20 cysts can be found on出erl∞t; 3 = mod-
erate attacks， numerous cysts can be found on 

the root; 4 = severe attacks， extremely large 

number of cysts can be found， and the whole 

root is crowded (Yamada et al.， 2003). The leaf 

symptoms were scored on the basis of the 

appearances of plants (5 disease classes)， on a 

scale of 0 to 5 as follows: 0 = all leaves were 

healthy; 1 = less than 25% of the leaves were 

yellowing and/or wilting; 2 = 26・50%of the 

leaves were yellowing and/or wilting; 3 = 51-
75% of the leaves were yellowing， wilting， 

and/or shedding; 4 = 76-100% ofthe leaves were 

yellowing， wilting， and/or shedding; 5ニ damp-

ing-o旺orroot rot. This means that the plants 

died very young and there were no leaves. The 

experiments were conducted in an air-condi-

tioned greenhouse at 25 :t 1 "C. Each test was 

performed once for a single isolate. 

Experirnent 2 (Second scr配 ning):

In the second experirnent， 17 hybrid strains 

that exhibited the cyst indices of 0-2， and the leaf 

symptom indices of 1 or 2 in the五rstscreening 

were selected; seeds of soybean (cv. Toyoho-

mare) were sown in 6・cmdiameter ]iffypots@ 

(Sakata Seed Corporation; Yokohama， ]apan) 

filled with 97% potting compost and 3% (w/w) 

wheat bran containing the fungal s仕ains.Five 

days after sowing， three seedlings from separate 

]i旺ypots@were transplanted together into one 

18-cm diameter pot containing potting soil 

(Takii Seed Co. Ltd.， Kyoto， ]apan) ca. 266 cysts 
from naturally infected soil per pot. 

After eight weeks， the cyst index of para-

sitism on the rl∞t， fresh shoot weight， fresh root 

weight， and leaf symptoms were evaluated. The 

leaf symptoms were scored on the basis of the 
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app回 rancesof the individual leaves on a scale 

of 0 to 3 as follows: 0 = healthy， 1 = yellowing， 2 

= wi1ting， 3 = defoliation. The leaf symptom 

index was calculated by using the following for. 

mula (praveena and Naseema， 2004). Leaf s戸np-

tom index = {Sum of the score for each leaf / 

(Number of leaves scored X Maximum disease 

score)} X 1∞. The cyst index was scored in the 

same manner as described in experiment 1 and 

was ca1culated by using the following formula. 

Cyst Index = {(ヱ(ScoreX Number of plants of 

each score) / (Total number of the plants X 4)} 

X 100 (Yamada et al.， 2003). There were three 

plants in each pot， and three repli回 tepots per 

fungal仕eatmentWere prepared. That is， there 

were a total of nine plants per fungal仕回加lent.

The experiments were of a randomized block 

design conducted in an air-conditioned green-

house at 25 :t 1 "c 

Experiment 3 (Third screening and detailed 

comparison between the hybrid and their 

parental s仕ains): 

In the third experiment， five hybrid s仕ams

exhibiting good results (based on the overall 

evaluation) in the second screening and their 

two parental s回 ins-Vertalec@andMycotal@-

were used in order to more vigorously investi-

gate the potential of the strains and to compare 

the parental and hybrid s仕ainsin greater detail. 

Soybean seeds (cv. Kitamusume) were sown 

in 8-cm diameter vinyl pots containing 200 g of 

sterilized soil (a loamy soil; 66.3% sand， 31.1 % 

silt， 2.6% clay， pH 5.8) and were inoculated with 

10 ml of a conidia suspension of each s凶 mcon-

taining 1 X 107 conidialml. In controls 1 and 2， 

the pots were inoculated with 10 ml of sterile 

distilled water instead of the conidia suspension. 

Furthermore， one week later， the two seedlings 

received the same inoculum were transplanted 

together into one plastic pot (diameter， 16 cm; 

height， 20 cm) filled with 3，000 cm3 sterilized 

soil， and 2，∞o J2 and eggs were added into holes 

made in the soil around the roots of each plant; 

control 2 plants received no J2s or eggs. The 

plants were maintained in an air-conditioned 

greenhouse at 25 :t 1"C for ωdays. There were 

two plants in each pot， and three repli回 tepots 

per fungal tr目白nentwere prepared. 

Sixty days after SCN inoculation， the soy-

bean plants were cut at the soil surface. The 

fresh root weights and SCN population density 

were then measured. In order to estimate the 

number of cysts and eggs， the soil and roots in 

each pot were mixed， and a subsample of 50 g 

(dry weight) of air-dried soil was used for the 

extraction of eggs using similar procedures 

described for the preparation of the nematode 

inoculum. Three soil subsamples per pot were 

collected. 

Statistical analysis: 

The e妊ectsof fungal住田町lentwere exam-

ined using ANOV A and when the F test was 

found to be significant at P < 0.05 or 0.01， the 

treatment means were compared using the 

Tukey's HSD test. Furthermore， the Kruskal-

Wallis test was used when the conditions did 

not permit the use of parametric statistics. All 

statistical analyses were performed using 

Statce12 (OMS publishing Inc.， Japan). 

RESULTS 

Experiment 1: 

A total of 165 strains-three parental and 

162 hybrid--of V lecanii were used in the first 

experiment. The cyst index was 0 for 14 s仕ams，

1 for 44 strains， 2 for 38 s仕ains，3 for 10 strains， 

4for56s仕ains.of these s仕ains，15 (14 hybrid 

s仕ainsand one parentョ1strain) caused a notable 

reduction of cysts on soybean roots. The cyst 

index of both parental strains， Vertalec@ and 

Mycotal@， was 4， and that for B-2 was O. ln addi-

tion， the leaf symptom index was 1 for 14 

S仕ains，2 for 32 strains， 3 for 75 s仕ains，4 for 41 

strains. The 3 parental strains， namely， 
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Vertalecl!il， Mycotal@， and B-2， weakly sup-

pressed the leaf symptoms (the leaf symptom 

indexes were 4， 3， and 3 respectively). 

Experiment 2: 

One of the 17 strains selected for this experi-

ment， only one hybrid strain of Vertalec骨 and

Mycotal@， AaF42， significantly (Pく 0.05)

reduced the number of cysts on the root as com-

pared with the control (Table 1). The hybrid 

strain AaF42 also exhibited the lowest leaf 

symptom index and tended to increase the f冗sh

root weights and shoot weights， although no sig-

nificant di旺erenceswere observed among all the 

tr回 国ent.

Experiment 3: 

All strains of V lecanii significantly (P < 

0.01) reduced the number of cysts and eggs as 

compared to control 1， which was not treated 

with the fungus (Table 2). Furthermore， four 

hybrid strains (AaF17， AaF23， AaF42， and 

AaF103) significantly (P < 0.01) reduced the 

number of cysts and eggs as compared with 

their parental strains Vertalec@ and Mycotal@. 

The cyst and egg densities were the lowest in 

pots inoculated with the hybrid strain AaF42， 

and the reductions in the number of cysts and 

eggs were 82.8% and 93.2%， respectively as 

compared to con仕011.AaF42 also reduced the 

number of cysts and eggs 75.2% and 89.3%， 

respectively， as compared to those臼 usedby the 

parental strain Vertalec@， and then 69.8% and 

84.2 %， respectively， as compared to those 

Tab¥e 1. The effects of various s廿ainsof 防rticil1iumlecanii on the cyst index， growth， and ¥eaf symptom index of 
soybean p¥ants in pots infested with Heterodera glycines. 

Strains1 Cyst index2 
Fresh weight (g/p¥ant) 

Leaf symptom index 
Root Shoot 

AaFll 44.4:t 48.1 ab 0.7:t 0.5 4.7:t 3.9 44.8:t 48.7 
AaF17 19.4 :t 12.7 ab 1.7:t 1.6 7.9:t 1.2 22.2 :t 2.2 
AaF23 36.1 :t 17.3ぬ 1.7:t 0.5 8.2:t 1.2 21.5 :t 5.1 
AaF26 58.3 :t 14.4ぬ 0.5:t 0.6 3.2土 2.6 44.1:t 25.6 
AaF28 5.6:t 4.8 ab 1.3:t 0.3 7.3:t 0.4 19.3土 10.5
AaF30 47.2 :t 37.6 ab 1.1土 0.8 5.8:t 4.2 35.6土 28.4
AaF39 58.3 :t 28.9 ab 0.5:t 0.2 4.0:t 1.9 42.2:t 23.4 
AaF42 2.8:t 4.8 b 1.9:t 1.0 9.8:t 2.1 7.4 :t 3.4 
AaF46 30.6 :t 31.6 ab 0.9:t 0.2 5.3:t 1.9 26.7:t 20.3 
AaF48 41.7 :t 30.0油 0.8:t 0.5 4.5:t 2.5 36.3:t 28.1 
AaF49 63.9 :t 42.8 ab 0.5:t 0.6 4.0:t 4.1 51.4:t 42.2 
AaF63 44.4 :t 25.5 ab 0.9:t 0.5 5.9:t 2.5 23.0:t 16.7 
AaF臼 55.6:t 19.2 ab 0.9:t 0.4 5.0:t 2.0 29.9 :t 9.1 
AaF80 30.5 :t 31.6 ab 1.2:t 0.5 7.1:t 2.7 36.3:t 18.0 
AaF88 22.2:t 25目5ab 1.4:t 0.4 8.0:t 2.8 20.0:t 19.7 
AaF103 25.0 :t 36.3 ab 1.0:t 0.6 5.9:t 1.2 10.4 :t 8.4 
BbF17 61.1 :t 25.5 ab 0.9:t 0.4 5.2:t 2.2 23.0:t 14.3 
Con甘0¥ 88.9 :t 12.7 a 0.4:t 0.4 3.1::!: 2.4 47.4:t 47.2 

P< 0.05 NS3 NS NS 

The va¥ues are the means士standarddeviation of three replicates 
， The hybrid strains， AaF and BbF， were derivl巴dfrom protop¥ast fusion of Verta¥ec X Mycota1. 
ιThe different ¥etters in the co¥umn indicate significant di俊rence(P < 0.05， Kruska¥-Wallis test on ranks followed 
by Tukey's HSD test). 

3 NS: not significant at P = 0.05 (Tukey's HSD test). 

- 13-



第38巻第1号 日本線虫学会誌 2∞8年6月

Table 2. The effects of various s仕ainsof 防rticillium/ecanii on the density of Heterodera glyαines cysts and eggs， and the 
growth of soybean roots in pots. 

S仕ains1 CystsJ50 g soil Eggs/g soil EggsJcyst Fresh root weights (g) 

AaF17 12.3土 4.4de 18.7 :!:: 7.5 d 73.3土 17.0e 1.10 :!:: 0.09 lx: 
AaF23 26.7士 9.2cde 39.3 :!:: 15.6 d 78.2土 16.6e 0.93 :!:: 0.08 ab 
AaF42 11.9士 3.6e 16.8 :!:: 8.3 d 70.9 :!:: 29.4 e 1.52 :!:: 0.21 c 
AaF80 27.8土 7.3cd 65.0 :!:: 22.3 cd 114.9 :!:: 13.5 cd 0.85 :!:: 0.22油

AaF103 13.0土 4.6de 27.0 :!:: 11.6 d 1∞.9土 19.0de 。回目 :!:: 0.14 ab 

Mycotal 39.4土 9.4lx: 106.0士 29.3lx: 133.3土 12.3lx: 0.62 :!:: 0.08 ab 

Vertalec 47.9土 11.6b 157.4 :!:: 54.5 b 161.1 :!:: 20.6 ab 0.72土 0.03ab 

Con仕011(without fungus) 2 69.1土 17.2a 248.6 :!:: 75.7 a 179.2 :!:: 25.5 a 0.60 :!:: 0.09 ab 

Control 2 (un田 ated)3 ND4 ND ND 1∞:!:: 0.10油

The values are the means士standarddeviation of three replicates. The different letlers in the columns indicate signifiαnt 
differences (P < 0.01， 1i叫cey'sHSD test). 
; T}hh1児eh均y内向肱凶rids仕回a創ms，
Con仕011止:SCNwasi血no∞cu叫la討te吋dbut fungus was not 

3Co叩nt仕ro12:Neither SCN nor fungus was ino∞cu叫Jlat，匂ed
4 ND: not detected. 

αused by the parental s廿ainMycotal@. Out of 

seven s仕ains，six s仕ainssignificant1y (Pく 0.01)

reduced the number of eggs/cysts as compared 

with con仕011. Moreover， only the hybrid s仕am

AaF42 significantly (Pく 0.01)increased the 

fresh root weight as compared with both 

parental strains and even con仕012， which was 

not inoculated with SCI'、L

DISCUSSION 

Some of the hybrid strains developed by 

protoplast fusion exhibited higher level of nema-

tode control efficacy against SCNs than the 

parental s仕ains.In particular， the SCN density 

in the pot仕eatedwith the hybrid s仕ainAaF42 

was significantly reduced as compared with con-

trol 1 in experiment 3. Furthermore， the hybrid 

s廿ainAaF42 significant1y reduced the SCN den-

sity in the pot and increased plant growth as 

compared with the parental s仕ains(Table 2). Re. 

isolate the hybrid s仕ainsof V. lecanii from the 

cysts， females， or plants were not conducted at 

the end of this experiment. However， AaF42 was 

detected from eggs in cyst and the roots of soy-

bean in another pot test (Shinya et al.， unpub-

lished results). In addition， it was observed that 

some hybrid strains (including AaF42) infected 

the eggs， females， cysts in another in vi仕otest 

and SEM observation. Hocart and Peberdy 

(1989) describe how the interaction between a 

fungal BCA and its target organism is complex 

and is likely to be under the con仕01of a 1紅 ge

number of genes. This characteristic will apply 

to the biological control of plant-parasitic nema-

todes. Therefore， as a result of the recombination 

of whole genomes， some of the hybrid strains 

may have gained various advantages as BCAs. 

Such whole genome recombination via proto-

plast fusion of the nontarget entomopathogenic 

strains， Vertalec岳 andMycotal嘩，may have 

increased the bioconむole百icacyagainst SCNs in 

these e旺ectivehybrid strains. 

Moreover， the growth of plants inoculated 

with the hybrid strain AaF42 was higher than 

that in plants inoculated with any other s仕am

(Table 1)， and the hybrid strain AaF42 signifi-

cantly increased root weight as compared with 

control 2， which was not inoculated with SCN 

(Table 2). One possibility is that the hybrid 

s仕ainAaF42 might 1回 dto an enhancement in 
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plant growth by producing substances such as 

nitrogen， phytohorrnones， compounds promot-

ing the mineralization， etc. The plant growth-

promoting effect might confer an additional 

advantage on the fungus as a BCA. There is 

another possibility that AaF42 might trigger the 

defense response of soybean to pathogens. 

However， more studies without the presence of 

nematodes are required in order to decide 

whether this s仕ainpossesses these e旺ects.

In experiment 3， it was observed出atsever-

al strains of V lecanii reduced the number of 

eggs/cysts (Table 2). There are two interpreta-

tions for this result. One hypothesis is that V 

lecanii infected the females of SCN and reduced 

their fecundity. The other is that V lecanii 

infected J2， and this result in females were less 

mature and had fewer eggs. However， V lecanii 

was weak parasite of J2 of SCN in another in 

vitro test (data not shown)， although V lecanii 

colonizes the eggs， cysts， and the females of 

SCNs仰eyerand Wergin， 1998). Therefore， the 

latter hypothesis would be untrue from these 

points of view. On the other hand， the former 

would be supported by the SEM observation 

仰eyerand Wergin， 1998). They hypothesized 

that V lecanii produces a natural substance that 

kills the eggs of SCN and伺 usesinfection and 

d回 thof the females before the full complement 

of eggs is produced. Furtherrnore， Kerry (1的0)

demonstrated仕latVerticiOium cluamydosporium 

reduces the fecundity of Heterodera schachtii. 

Thus， it is suggested that V lecanii can influence 

the SCNs in several ways. It will be neces田町 to

conduct detailed in vitro tests in order to reveal 

the fungi's various modes of action. 

There was a relationship between the nema-

tode control e旺icacyof the hybrid strains and 

the combinations of the parental s仕ainsin this 

study. All of the e百ectivehybrid strainswere 

hybrids of Vertalec骨 andMycotalil!l. No hybrid of 

B-2 was e妊'ectivein SCN con仕01.B-2 exhibited 

the lowest e妊ecton SCN in another in vitro test 

(Shinya et al.， unpublished results). on the other 
hand， Mycotal had the highest ability to infect 

eggs of SCN in these three parental strains in 

this in vitro test. Furthermore， Aiuchi et al. 

(2008) demonstrated that mtDNA and genomic 

DNA匂rpesof Vertalec X Mycotal were of the 

Mycotal type， while those of Mycotal X B-

2N ertalec X B-2 were of出eB-2 type. There is a 

possibility that these genetic biases were re目配t-

ed in the characteristics of the hybrid strains. 

Therefore， hybrid strains of Mycotal X B-

2N ertalec X B-2 may have the characteristics 

like B-2. This would be the reason why no 

hybrid of B-2 was effective in control of SCN. 

From now on， a more detailed study will be 

needed to solve this issue. 

The steps used in the selection of s仕ainsto 

determine their potential as BCAs generally 

begin with simple in vitro tests in the laboratory 

as it is difficult to screen large numbers of 

strains in pot tests in the greenhouse (Kerry， 

2001). However， in the present study， all the 

steps used in the screening of the s仕ainswere 

conducted in soil in the greenhouse. In experi-

ment 1， a large number of s仕amswere sαeened 

by pot tests in order to exclude s廿ainsthat are 

poor competitors in soil. As a result， several 

potentially useful s仕ainswere selected， and then 

more rigid experiments (experiments 2 and 3) 

were conducted. These greenhouse trials 

enabled us to detect the highly pathogenic 

s仕ainsto the nematode in the soil. Further stud-

ies using unsterilized field soil in the greenhouse 

and field are required in order to deterrnine the 

potential of the s仕ainsas BCAs. 

In conclusion， our results indiαte that pro-

toplast fusion in V lecanii gives rise to a wide 

range of hybrid strain characteristics. As a 

result， some of the hybrid strains possessed 

enhanced appropriate characteristics (such as 

the ability to attack SCN and high rhizosphere 
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competence) as BCAs and enhanced biocontro1 

efficacy， a1though further investigations to 

assess their impact on nontarget organisms are 

needed. Therefore， the protop1ast fusion tech-

nique may be a potentially va1uab1e too1 for the 

deve10pment of nematode-antagonistic fungi. 
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