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2. Neubauer improved haemocytometer



WY w8 syl 0dlg 30 SugalsST oses belge STy il e g ()6

3 b 50 jeregladl Gl Cal (0 Jgaz) <l
VY5 FA T Sl oSpsk 09 0L pom B ol slaj,
YIPA <Vt e g oy 0 L e el
ol am slagg) 5o s S led e o sl
S E RIS TR BRSPSV g gROY
loeSSln anglio () Jlog0d) sy Sl dhos 55 ol
b ez slojs) eSSl a5 oy (las o) (Wlide )
4 Jsl s psd cpsm slajs) (eSle 9 A gl o (Sen o0

il 3D g C B zshaw jo i

a2y Bl ialojl 0 gmmagiaidly @ )8 (il lg 4255 ¥ Jgar
D85 aw b (Bl SlS )b B o jgpmgiadl adgi 0 o)l

2P ggeme (pSike
s gilin ST ’ F P
el oy ol

JECIR Y APCHNL VI SR V1% SR S 471N S PRRR L L

s |RERYATA Y R V4
Js VE YA
C.V=v0 Ao )3 ) e 53 s me Ve =

Oinle 10 jgmagiadly 02 )8 55 o 3l il g 40525 -0 Jgur
5 4y o SlS o 3 a2l ol ot o
il glie 4250 ggame (ks F P
Gl Sl Sl
G olo; A TUA- FAAY YYAISY /oo Vik
s YA e¥YE oY

Fap bl 53 ghe Laoe Gl PH [byls 4 2 =Y Jgoor
To 2 JsSE nliT B ) )5 5 gl Lo ciS”
SIS b ol ls’

St gt 428 ggome ke F P
Gl Claye Slaye

(PH) Jles: Y VAVE SO YY) efe. -k

) YO YY  ASE L)Yax

GhE Low ) AWAY AWAY  FYA- el YR

PP R T (AR VA A R B/ SRRTRL R £33
Ls A YY)
Json vy

C.V=)y e o o0 e (o s e BMSI =¥
wo ) mho ol pee OS2

bazo glod 3l (om0 2

ol Wlgi jgmgiadl Sl o2 I (il ly e b
v ;9 sewgiadly adgi o il Les gl jlag oy aSols L
Wosles (F Jgaz) cuils 0925 lo gixe BB ao o S
a0 Yy i Yopx) ! (Sl b oLl asyo
gl g5 ol5n e FIP T Siln b o] Sl
ke ;o b Sile dwlie o aib 1) pJ de o 0
B zhaw o ol Kails 4> 0 ¥V s 5 A mhuw o Se»
cig )
gy Sl p o o ke (o) 2

s f A . ., lae . -
s 23 ogeegedl S o oS 8l (i il 458 gl
C.V=yw Ao 53 315 gre oDl =% ol i
2 g e Syzg o dme BB w0 K maw o lise sl
Oabiia 3 g giadly Bl 6F 3 laj A
i 1000000 —
i: 100000
’."
45 10000
5\ 1000 ——repl | |
—=—rep2
100 rep3 I
o MEAN
1
1 2 3 4 5 6 7 8 10
Gy oles

595 V0 Job )0 (PD) mole lausa jo Verticillium lecanii g )8 jgumgiwdl adgi 10 oyloy 1Y Jlogas



IAE Jlo o) oyles XF alo o)l (65,5028 psle alons

ko PH ctls 1) o i il e 53 s5pmstadl
S FIA-0 035050 4o alae
ol 2hié cbluxs bl

390 sjles o a8 ol lid uibly ae mlbs
Clld 3925 4l gae DS do 8 S g o Siales!
Vvt oSl bowd ez Gdl (Y Jp2)
r Seld olac 5 udgi (n i il (oo )0 ssidly
el dnglio s 1) 0dgi lime e VETXY LY L
ol yod AUOYx) + " 1 Kilo b S ol 45 ols Las b Lo
oSk b o)l ojlasy Aghe 0w ke b b
o) s sl 5 B b 15 Sgli b olan VYY)

S AB gla 2 A+ St b
8 A
7
6
:5.5 s
44%444
3 : . - T T
0 1 2 3 4 ° °
(J82) Ok
8
c
7
6
£5A\ :
4 \4 \“\1 \
3
0 1

(JJJ) )

Ny

gl ddlgi )0 (1108 bana adgl pH 55U (o
Slaws a8 ols las Cass iyl il )ly 4y s
D iy Jaleil 990 (slo jlas ) o WJg jgrmgiadly
5Sbke U F oo pH (FJs0z) 0 glae aoyo
oSle LA sglos PH 5 (A gl 2t OV6Y
b o plo ails |y (B gehaw) s oS YIFYX)
5090 Job o PH (6,25 ojlail azils )18 AB o o
PH i el g cullss o ol olis Liglejl gl
P9 Linlesl @l (T Jloged) w88 ol padiganml 5 b
oy Glogine ST 54 olpan BL 5l eolaiwl L a5
bl o a5 IV adgl pH ol ojlas Liolesl 090 slayles

VIEAXY « USJL.Q Loy odumw, O g0 @ quol

8 B
7
6
NS
4
A
E S
(J90) M)
8 D
' SN NN
5 A A A VAN
) NER R\,
‘ A Y
o 1 2 s+ s s
[SI3) s

pH

A\

AV

w H~ O oo N o

A\
|

3

4 5 6

(J82) ka3
Sde o )85 aw b Verticillium lecanii DAOM 198499 28 jswgidl adg 1o PH J1 sy Giolojl Jsb p0 mle b pH &l i Y jloges
(el 0y 0l gl PH @ gl 55m0 Sgm 9 S50 05 ol Jloys Jolome a8 b g (5 05 o5l &iljg, & )90 4 b Lama pH ) 54, o

A=pH4 B=pHS5 C=pH6 D=pH7 E=pHS



Vo w8 syl 0dlg 30 SugalsST oses belge STy il e g ()6

YYYA T, 0, el pogis] csbos (1991) o Kat 5 J
5 )b )g lod S SIS a3 YY-VO (ol g0l (sl g9 4259
2 adg gl 1y ol Kol 4,0 YO gled «(1AY) (Son
sbes 55 (VA1) Jig)l5 g gl ailos S rhae wle Laone
@bl Srasg 0y (6l Lod (e 1) oKl 4z oY0
Al a0 o gles o 4 Wloads Sdke g 00,5 ,53
Ve pyosbs 0 00wl balel pliSoe

ol 0030 5 &S 0l b ol Sl

25egdl 35 (e 0 adlllas 3590 Jale Zobaws (Kb - A Jgor

59y O Dae yo i e o
olaws Lo olaws
SRS, RS e,
(GSPNV0 ), F vi#x\+" a  PDPY' ¢ oIvex) -t a
S s vta PPs VAt b

oy S mhe (o WS g2 sdaslid alie 8 By
1=Potato Dextrose Peptone Yeast 2=Potato. a.ib o

T8 i3 59 ey aalllas 550 Jalse gl (. Sile -1 Jga
59y 0 O 3 gy

) las _ } Sl _ i
eplbd R Sis gy b () SiS g

(S0, 8 Veva  PDPY' ¢ \FY a

S 5 WY a P’ 5 “NA b

oy S pha o BWS vg>g camailil alie e gy
1=Potato Dextrose Peptone Yeast 2=Potato. sil

Jomsidls a5 sy les b a5 ol i Lo gl
“ Y Gled (o jgmgiedl 0y 4o sk 0gr gy las oyl
Wl gls gixe A Ksea b ol Kle ax 0 VY
Sdg a0 YV )0 g0 a0 1Y 0 adg iy o Wiz 0
ol g el @l cnl a4z g5 b yd Sogame jgrmgindl
ap a5l g 0o pd el e Jgene glod po ayge
59 gy Jol sjgy o mle b )0 jgrgidls 0y
A
3 gy Vo 0) Gsllae (e 4 p)lez s, 0 40k

Olme w9 00l S Wigy ool o 5l oy (Gid (e

A ui*iL"}—‘ % 00 g8 gDl 0 )8 el lg 5205 -F Jgao
30l WalS b B 43 (3l ) eslizad y30) olié Layea pH

S5 aw b
a0 - Sileo
Sl lae

sl & F GNAE A YRR L/ FavE

s ). DANG o[\
x» V¥ < JYYY
C. V.= Lo 30 cl:.w): 15 sas D] =¥

el oSl e ke il Gy 5T -V g
S5 b Bolai YalS )b LB 5o jgugiandly olass
grome ke T P
@l Slup Sl
2l b ¥ Y/o¥ IPY O YIAN oYY ER
ls Y- A ERIAVA L
J5OF fhA
4o 430 @,;j;&ud%l:*

Olyass mle 4> 0

C.V.=omy

—x

P g8 SaS () 9 psmwgiedly Gl (mil)lg 20
Verticillium z,6 DAOMI98499  alax a5 ol ylis
Ay e Jeere lase 4 S i 8 bae ) lecanii
Lo CoiS Sl ailedor i jgpmgiadl a5 g 02,8
P g I gre doe S omhe 0 0550 90 0 olde
J3ox 3l e9o9e cnl (Vo) Jgaz) 09 o gine ) il &Sl
Sl S0 BB o555 adlllas 950 Jalse b (2 Kiks
9358 3l @3B gl 2S5 s e 40 (A 9 A Jg02)
Lol g5 BB T A3l laplasl Jwil g 0y o S5l
2 & pshy @il Sl dixe gloaidl Loyl ol
JS 5 laglesl el gl g )8 g 8)lse 51 (6 ks
a8 TV ) Calonds dpogi So,b Lulid o Syielen
90 3 Jolo s il 50 4 (9500 oo oLl L
S0 0 A(\YYN) Lg).m‘ bl slvasl b (5"‘” Lo coas
Syl Cillas 1 del> lase o SIU g aloe

Iy ol Kl 42,0 YO U YV sles (\YYA) 2l sLL
03,8 53 wal> bzme 15 S5 iz ol g0l 5 085 sl



WAF Jlo ) o)lods ¥F sl o)l (65,5l pgle alno NF

il 65 sken ©p08 5 i Ul 5 ol sl Ol
Lgods o)) mle bumme o )6 S (VA) 0l S50
INE SN B A R A R RU S S PUpER
b 10 758 adg anl (V0 Y A) 05d 0 oy i
2 95 sllie (A) wiligod 09, MelS G50 mile b ol
IRV PPNV I R PRPKVEL G WS R VIE S e
2 Mg pemolul mle bz 0 ads bl bl il o
2 el )l oSl 5 )8 e ) gy ko
kS 09 9 Sdgl halydl ey a5 all oo ol3E las
(A) Sl o @8 1) ygmsgisdly
sl oS s e ol L gleasl Egome O
&be sy, Verticillium lecanii z,5 DOMA198499
g (@Bl Jyene Bilid 5 cwd )
OO 3P & yare & a2 bl el gyl
@lize gloatal, 5| olio 69, W6 Cq ) alax ()l
2By e S g (balsy oY 5 (Vb2
ST gy Sl Y e Sashs 5 L (55, lojen
s g \&&»M.j Slasbel o guds jemgiadl
25 s ol @l GRIP Gl el Gse¥sesd

2y )8

S Tl
Sl 5 aloo i 1y 55 oy il 55
ol bl aie; oS 1058 wile g LlSin Slidod desge

5510 o0 3l ecalodges pl 8 ) guio

1 . Bioassay

REFERENCES

20,55 osnlia jlo e IS 003 59, 9 p)lez 59, Wy
T8 @ g (gt g Oloj 58 (29280 S5 5]l ol
M) s Eara] 3l 05l asi aly s30)a0b 0
59 0l 505 dy) g 0o) sz g lyr gl Lad
Caodl b (6,5 Lo a5l a5 (V) 009y (e ygumnl 5l 50y
VI

adgl pH ;s cel e olde e jo 7 )8 coled
e pudgasel Cqa o Baee s (ol g w08 lame
asl slcdpbe 5 ol oy Jds & Ylix! a5 oy
Sl (nl 35 Bl Spas péyle o)l 5380 Slem)y
o o bhow ol pH wd clic oS s> 0
S abal, ol ) psmmgiadl s 3 Lol g BID-FIA
(VAAD) 5 (VAAY) o[)Ken 5 Juds 030,55 sulie B
Ao b Vo Sy pH o 5 0289 Big )5 5 9
o) Sinlen Lo gloazily b o wilos 5 5155

5 5 (sl i slalane 5 ppensil ol
5 @ 3 e e ojlas g wid jana U0 b 5wl oS
IR begie a0 el e jen o)las 0 )
Ll 5 g s 9l |y alir ol g QUlg e o))
Lol o oS wgal ooliil sohe Sojglsm Jelse adgi ol
ol SYgams 5 Slayls 5l solil pp 5 oy anse ials
235 0 (55y3lS i

& 2l wle gyl g, Verticillium lecanii z,
50y 50 S Lo £45 Lol (i o b Carby b 90

odldiul 390 x>T40

()yakiS il ale Verticillium lecanii = ) ygmsl g 0y 30 ciS lame g 59 doo Sll oy AYVA L0l gLL )

AVIIAY amio A alx (F5F) sl olos

2. Allen, D. J. 1982. Verticillium lecanii on the bean rust fungus, Uromyces appendiculatus. Transaction of the

British Mycological Society, Vol. 79: 362-364.

3. Aneja, K. R. 2001. Experiment in microbiology, plant pathology, tissue culture and mushroom production
technology. New Age International Publishers. New Dehli, India 568 pp.



VWY w8 syl 0dlg 30 SugalsST oses belge STy il e g ()6

4. Askary, H., Y. Carrier, R. R. Belanger, & J. Brodeur. 1998. Pathogenicity of the fungus Verticillium lecanii
to aphids and powdery mildew. Biocontrol Science and Technology, Vol. 8: 23-32.

5. Ballard, E. M. & F. W. Knapp. 1984. Occurance of the fungus Verticillium lecanii on a new host species,
Aedes triseriatus (Diptera: Culicidae). Journal of Medical Entomology. Vol. 21: 751.

6. Barson, G. 1976. Laboratory studies on the fungus Verticillium lecanii a larval pathogen of the Elm Bark
Beetle. Annals of Applied Biology. Vol. 83: 207-214.

7. Brodeur, J. 1998. Un champignons pour remplacer les pesticides. Available at: http://www. cyberscience.
com/cyber/3.0/n887.asp.

8. Burges, H. D. (1998). Formulation of mycoinsecticides. In: Formulation of Microbial Biopesticides.
Burges, H. D. (ed.). Kluwer Academic Publishes, Dordrecht, pp. 131-185.

9. Evans, H. C. & R. A. Samson. 1981. The genus Verticillium: Taxonomic problems in species with
invertebrate host. In: Foundemental and applied aspects of invertebrate pathology. Samson, R. A., Clarck, J.
M. and Peters, D. (eds.). Fourth International Colloquium of Invertebrate. Pathology. Wageningen, The
Netherlands, pp.186-189.

10.Gopal akrishnan, C. 1989. Susceptibility of cabbage diamondback moth Plutella xylostella L. to the
entomofungal pathogen Verticillium lecanii (Zimm.)Viegas. Current science,Vol. 58: 1256-1275.

11.Hall, R. A. 1980. Laboratory infection of insects by Verticillium lecanii strains isolated from
phytopathogenic fungi. Transaction of the British Mycological Society Vol. 74: 445-446.

12.Hall, R. A. 1981. The fungus Verticillium lecanii as a microbial insecticide against aphid and scale. In:
Microbial control of pests and plant diseases 1970-1980. Burges, H. D. (ed.) Academic Press, London
pp.483-498.

13.Hall, R. A., D. D. Peterkin, B. Ali, & V. F. Lopez. 1994. Influence of culture age on rate of germination in
four deuteromycetous entomogenous fungi. Mycological Research, Vol. 98:7 763-798.

14.Inglis, G. D., M. S. Goettel, T. M. Butt, & H. Stathers. 2001. Use of hyphomycetous fungi for insect pests.
In: Fungi as biocontrol agents. Butt, T. M. Jackson, C. and Magon, N. (eds.). CABI publishing, UK. pp. 23-
69.

15.Jenkins, N. E. & M. S. Goettel. 1997. Method for mass—production of microbial control agents of
grasshoppers nd locusts. Memories of the Entomological Society of Canada Vol. 171: 37-48.

16.Khalil, S. K., J. Bartos, & V. Taborsky. 1983. Effect of temperature, pH of the medium and sugar on the
germination of spores, development of mycelium and sporulation of the entomopathogenic fungus
Verticillium lecanii(Zimm.) Viegas. Agricultura Tropica Et Subtropica, Universitas Agriculturae Praga,
Vol. 16: 255-274.

17.Khalil, S. K., N. Hussain, & M. Naeem. 1985. Influence of pH of the medium on growth and sporulation of
the entomopathogenic fungus Verticillium lecanii. Sarhad Journal of Agriculture, Vol. 1: 1 51-55.

18.Li, G., Y. Yan, & L. Wang. 1991. Influence of temperature and nutrition on the growth of an
entomopathogenic fungus, Verticillium lecanii. Chinese Journal of Biological Control, Vol. 7: 3 115-119.
19.Lopez—Llorca, L. V. & T. Carbonell. 1999.Characterization of Spanish strains of Verticillium lecanii.

Revista Iberoamericana de Micologia, Vol. 16: 3, 136-142.

20.Lopez-Llorca, L. V., T. Carbonell, & J. Salinas. 1999. Colonization of plant waste substrates by
entomopathogenic and mycoparasitic fungi, a SEM syudy. Micron, Vol. 30:4 325-333.

21.Melouk, H. A. 1993. Verticillium lecanii. In: Method for research on soilborne phytopathogenic fungi.
Singleton, L. L., Mihail, J. D. and Rush, C. M. (eds). APS press, New York. pp. 175-186.

22.Powel, K. A. 1995. The production of chemicals by biological control agents. Pesticide Science, Vol. 44:
395-397.

23.Ragliavendra Rao, N. N. & M. S. Pavgi. 1977. Two mycoparasites on powdery mildews. Sydovia, Vol. 30:
145-147.

24 Skinner, M., B. L. Parri, & D. R. Bergdahl. 1991. Verticillium lecanii, isolated from larvae of pear thrips,



WAF Jlo ) o)lods ¥F sl o)l (65,5l pgle alno 1A

Taemothrips inconsequence in Vermont. Journal of Invertebrate Pathology, Vol. 58: 157-163.

25.Soman, A. G., J. B. Gloer, R. F. Angawi, D. T. Wicklow, & P. F. Dowd. 2001. Vertilecanins: New
phenopicolinic acid analogues from Verticillium lecanii. Journal of Natural Product, Vol. 64: 2 189-192.

26.Spencer,D. M. & P. T. Atkey. 1981. Parasitic effects of Verticillium lecanii on two rust fungi. Transaction
of the British Mycological Society, Vol. 77: 535-542.

27.Verhaar, M. A. & T. Hijwegen. 1993. Efficient production of phialoconidia of Verticillium lecanii for
biocontrol of cucumber powdery mildew, Spherotheca fuliginea Netherlands Journal of Plant Pathology,
Vol. 99: 2 101-103.

28.Wraight, S. P., M. A. Jackson, & S. L. de Kock. 2001. Production, stabilization and formulation of fungal
biocontrol agents. In: Fungi as biocontrol agents. Butt, T. M., Jackson, C. and Magon, N. (eds.). CABI, PP.
233-287.

29. Zare, R. & W. Gams. 2001. A revision of Verticillium section Prostrata. IV. The genera Lecanicillium and
Simplicillium gen. nov. Nova Hedvigia, Vol.73: 1-2 1-50.



114

[ranian, J. Agric. Sci. Vol. 36, No. 1, 2005

Effect of Important Ecological Factors on Blastospore
Production of Verticillium lecanii DAOM 198499
in Liquid Medium

M. J. FARSI', H. ASKARTI?, KH. TALEBI JAHROMT’,
AND A. KHARAZI PAKDEL"

1, 3, 4, Ph. D. Scholar and Associate Professors, Faculty of Agriculture,
University of Tehran, 2, Assistant Professor, Research
Institute of Forests and Ranglands
Accepted. April. 28, 2004

SUMMARY

Identification of optimal environmental conditions for growth and sporulation of
biological control agents is necessary for their mass production. The response of these
agents to environmental conditions differs not only among species, but also among
strains. Therefore the effects of food quality, light, temperature and pH of medium on
growth and sporulation of Verticillium lecanii DAOM 198499 were investigated.
Results indicated that, the effect of food quality on sporulation was significant (¢=0.01).
Potato extract enriched with dextrose, peptone and yeast lead to higher sporulation than
potato extract alone. Effect of light was not significant. Temperature above 30°C
restricted blastospore production, but sporulation at 12, 17, 22, and 27°C were not
significantly different (¢=0.01). Blastospore production increased intensively during the
first four days after inoculation, the number of blastospore/ml reaching 4.7x10°. Then
the rate of increase was reduced, reaching to 9.06x10" after 10 days, which was not
statistically different from the 4 day, production. Effect of medium pH on sporulation
was not significant. Fungus activity caused change of pH of media toward its favourite
acidity. Difference of blastospore production in alternative media was significant
(2=0.01). Comparison of means revealed that sugar beet molasses and rough rice extract
with numbers of 1.02x10° and 1.06x10" blastospores/ml had the highest and lowest
rates of sporulation, respectively.

Key words: Verticillium lecanii DAOM 198499, Food quality, Blastospore
production, Liquid media, Light, Temperature, pH.



