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The entomopathogenic bacterium,Bacillus thuringiensis, is a gram-positive and spore-
forming bacterium, and a large number of its subspecies have been identified and
introduced. The insect immune responses activate after ingesting Bt or its toxin
proteins. This research aimed to investigate the effect of temperature and three
subspecies including B. thuringiensis subspecies thuringiensis (Btt), B. thuringiensis
subspecies aizawai (Bta), and B. thuringiensis subspecies galleriae (Btg) on nodule
formation and some biological parameters of the moth Ephestia kuehniella Zeller
(Lepidoptera: Pyralidae). A concentration of 10° spore/ml was used to contaminate the
larval diet. This experiment was performed at three different temperatures (20, 25, and
30 °C), relative humidity of 55+5%, and a photoperiod of 16:8 (L: D). The highest
number of nodules was significantly observed in Bta and Btg treatments at 30 °C and
the lowest number of nodules was observed in the control. There was no significant
difference in the time until pupation at any temperature among the three subspecies.
However, a significant difference was observed between different temperatures in each
subspecies. Therefore, this duration in the control was significantly affected by
temperature. The highest amount of pupa production was related to the temperatures
of 20 and 25 °C in subspecies Bta and the control that had no significant difference.
The number of adults obtained in the Bta treatment was not affected by the
temperature, similar to the control. Since the temperature did not affect the number of
nodules in the control, it is concluded that increasing the temperature by affecting the
Bt increased the number of the nodules formed in the surviving larvae and also, the
subspecies kind of the bacterium had a significant effect on it.
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Extended Abstract

Bacillus thuringiensis is a Gram-positive and spore-forming bacterium that has special toxicity for different
orders of insects and can point out three subspecies B. thuringiensis subspecies thuringiensis (Btt), B.
thuringiensis subspecies aizawai (Bta) and B. thuringiensis subspecies galleriae (Btg). Insects can activate
their immune responses after consuming Bt or toxin proteins for defence. The purpose of this research is to
investigate the effect of temperature and three subspecies of insect pathogenic bacteria including Btt, Bta and
Btg were found to affect the production of nodules concerning the immune system of E. kuehniella larvae and
some biological parameters of this moth such as the number of produced pupae, the period till pupation and
the number of adults. This experiment was performed at three different temperatures (20, 25 and 30°C), the
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relative humidity 55+5% and a photoperiod of 16:8 (L: D). The results showed that the interaction of bacterium
and temperature on the number of nodules formed in larval hemolymph, the duration of 24-day-old larvae
turning into pupae, and the number of pupae and adults produced were significant. In the case of all three
subspecies of bacterium, the highest number of nodules was significantly formed at 30 °C. However, the
difference was not significant between the other two temperatures (20 and 25°C). The lowest amount of nodules
was significantly observed in the control and showed that temperature does not affect the number of nodules
formed in larval hemolymph. There was no significant difference between the three subspecies in the time until
the pupation of the larvae at any temperature. However, a significant difference was observed among different
temperatures in each subspecies. Likewise, this duration in the control was significantly affected by
temperature; therefore, this process took more time at 20 than 30°C. The number of pupae produced in each of
Btt and Btg treatments was the same at all three temperatures and no significant difference was observed
between different temperatures. However, in Bta treatment at 30°C, pupal production decreased significantly
that was similar to the control. The highest amount of pupa production was related to the temperatures of 20
and 25 °C in Bta and the control treatment did not have significant differences. At the temperature of 30°C,
there was no significant difference in the number of pupae produced between the three studied subspecies. The
number of adults obtained in the Bta treatment was not affected by the temperature, similar to the control.
While, in Btt and Btg subspecies, the lowest number was significantly obtained at 30 and 25°C, respectively.
In other words, a significant difference was revealed in the number of adults obtained among the three
subspecies of the bacterium at two temperatures of 25 and 30°C that were less than the control. In general, the
average duration of transformation of bacteria-infected larvae to pupation was less than that of the control. The
effects of environmental changes on insect immune responses are not strong. Since the temperature did not
affect the number of nodules in the control, it is concluded that increasing the temperature by affecting the Bt
bacterium increased the number of the nodule formation in the surviving larvae and also, the subspecies of the
bacterium had a significant effect on it. It seems that for this reason, the treatment of 5th instar larvae with Bta
and Btg subspecies at 30°C caused the highest number of nodules in the hemolymph of larvae without
significant difference between these two subspecies. Perhaps this has caused these two treatments to have no
difference in the number of pupae and adults created compared to the control. Another result recorded in the
present study showed that the increase in temperature caused the 24-day-old larvae to enter the pupal stage
faster. This trend was observed in the bacterial treatment (in each of the subspecies) and the control. Of course,
infected larvae entered the pupal stage even earlier than healthy larvae. This strategy is to escape from the
adverse effects of bacterium and increase in temperature. Because it has been proven that the sensitivity of
Lepidopteran larvae to Bt bacterial toxins is higher than that of adults (Lu et al. 2012). The results showed that
no more pupae were formed in bacterial treatments from the 9th day after infection at high temperature and the
13th day after infection at low temperature. It seems that this issue happened due to the death of some larvae
due to bacterial infection and it is more evident in the case of Btt subspecies in all three temperatures.
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1- Humoral immune responses
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1- Nutrient Agar
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Glod 93 b wgmudus &5 33 YO (slod 13 o) <l i dlaws oy (FF/Y =NV oVF P /0)) b ssaliio Jbo me
(F=X/Y - df=VYV Y8 P> /0)) cslingsg jlo dme M S5

dilist (glod dw w3l cow E. kuehniella oxssy JolS clpio g boo i 3laws ding,Y (b 0piid b loj cote 0,5 (Jlne Cdly50l ) uSike Y Jgu>

Table 2. Mean (+ Standard Error) number of nodules, time until larvae pupation, number of produced pupae, and adults of E.
kuehniella affected by three different temperatures

Temperature . 250C 30°C
20°C
Parameters
No. of nodule 6.53+0.97° 5.15 + 0.94° 9.15 + 1.65°
(No./ml)

Time to a b c
pupation (Day) 6.33+0.16 5.33+0.16 444 £0.17
No. of pupa 6.88 + 0.58° 6.33 +£0.83* 5.22 +0.60°
No. of adult 5.66 + 0.44° 4.88 +0.69% 3.77 £ 0.60°

(P<eloN (S oogail) 1) 515 ine MBI (g lel s 51 )y 3 Soglite gy | Loy Sileo
Means followed by different letters in each row are significantly different (Tukey’s test, P< 0.01).
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oabagr Jol8 il s luas g 0 puds Dlias clang Y a0 uid B o e cold uSis 0,5 dliw ke 4y bgy o ol
05 rSikhe Cuslond 03,5l ¥ a5 il laled Sl (58,8 a5 )3 g aald g (555 965 5 4w 4L cow
9Bta 65 15 cpo (FEYOIAY A=)V YA P>/ V) 5l lis 1y (o)l gxe gl BEG ¢ Bt &543 555 93 (e o LSS
9 (FEYO/AY df=3Y ¥ P<e/e)) cuily g5yl e Cigls o,Y o3 50 0l oS5 0,5 olaws Jlas 51 S5 845 405 90
PeTV) Wbosnlive Hbo pme glas Ml g (681 465 5 dw (w291 LASGS 15wl 1 i Bta &55 55 55 0,5 jlade
Dgr Jals jle 4 bagsye 0,5 LSS e o eSS g 9bds (F=YO/AY df=)) 4

il coigS 5 il o 3,1 s oadalys oIS Sl g 0 Sad dg,Y (ki B oloj e w0, (s Gl £) i Sibs Y Jgutn
) 4alis o Btg=B.thuringiensis subsp galleriae Bta=B.thuringiensis subsp aizawai Btt=B.thuringiensis subsp thuringiensis) Bt ¢ xS\
(doy o1+ oy
Table 3. Mean (+ Standard Error) number of nodules, time until larvae pupation, number of produced pupae and adults of E.

thuringiensis subsp B. thuringiensis subsp thuringiensis, Bta= B. kuehniella affected by different subspecies of Bt bacterium (Btt=
Tween 80) thuringiensis subsp galleriae) and control (0.02% B. aizawai, Btg=

Bacterium
Btt Bta Btg
Parameter Control
No. ‘E{\l’;"/dr;’:f 8.78 +0.75 11.33+0.91 8.44 + 1,35 1.46 +0.15°
pJF')g;ieotno Oa) 5.00 + 0.36 5.16 + 0.30° 5.00 +0.36 6.00 + 0.28?
No. of pupa 4,00 + 0.45° 7.66 +0.61% 4.66 + 0.66° 7.55 +0.15%
No. of adult 3.16 +0.70° 5.66 + 0.767 3.66 + 0.55 6.00 + 0.33?

(P<e/oN (S5 oy9el) Bl s Lime M gylel s 5l i,y y3 cglite B> b Lol
Means followed by different letters in each row are significantly different (Tukey’s test, P< 0.01).

Af=VVoV8 P>+ /43 Libosalive (6l e BMS] (6,3Sh dw (o 0 i 4 059y VY o,Y b Jad jloj e o
(F=0UFE df=)V V5 P<-/+1) 0 osmlie o sine OOMS] sals 5 (65l (ool closlog o ol (F=DUFY
4355 BHg 4 BHt 6550 51 5] a5, o5 LolSim oniisi (cloo s s 395 4ol Jlagi & bigrpe ko o5 Y sbo
&S Jlo s (F=2/VY df=VV V8 P<+/V) cunlanisly 435 Bta (5 58b 5l a8 09y Sloj 51 jiaS o simo ysbods Cuwlos )
P>0V) s oanline Jlo gme B 35 Blg o Bt (slaaioS 5 b jlass 93 (e ncadls jlo imo coglas sl b ju3] jlas
(F=FIYY df=\) Y5

a5 51 Bt 5 BIG slaisf o) o S sy5bt 332 3o 35 0badgp Jol Sl 3 3190 55 355 S,
yobds JolS il i algr o iy o (FEF/Ydf=VVgV8 P > /o)) il dgng )b ixe M3 sadings JolS” il puis
@S 5 dw U (FEF/Y-df=VV V8 P<o/0)) dgs dalis )5 9390 (slag,Y ¢ Bta @655 b jlas & bgyye I e
Ol g oo s S5 0,005 4 0j9) YV 9)¥ (A8 Jiasd Gloj e c9)¥ (53 )3 0 S5 05 dluss g9, Bt (5 5L
sl 035831 ¥ Jodn 10 uls g (awyp (wgembwds 3 Ve g VO ¢ (slod aw j5 E. kuehniella susidgs JolS
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Bta=B.thuringiensis subsp aizawai Btt=B.thuringiensis subsp thuringiensis) Bt ¢ Sb caliseo 4555 135 dw 136 .F Jgu
9 oy dlaws w0 yurd 4y (b has loj e cgyY (ye3 )d ol iS5 0,8 law y (Mops +/+Y (395) Al o (Btg=B.thuringiensis subsp galleriae
il (glod dw 3 31 Bsag JolS il s>
thuringiensis B. thuringiensis subsp thuringiensis), Bta= B. Table 4. The effect of three different subspecies of Btt bacterium (Btt=
Tween 80) on the number of nodules formed in larval thuringiensis subsp galleriae) and control (0.02% B. subsp aizawai, Btg=

hemolynph, the duration of larvae turning into pupae, the number of produced pupae, and adults of Mediterranean flour moth at three
different temperatures

. Temperature
Bacterium Parameter 20°C 25 0C 30°C
Btt No. ?L%Ofn;’:)e 8.33 +0.88° 7.33 + 0.45¢ 10.67 +0.88"
Time to 6.00 + 0.00" 5.00 + 0.00° 4.00 +0.00¢
pupation (Day)
No. of pupa 450 +0.50° 4.05 +0.50° 3.00  0.00°
No. of adult 450 + 0.50° 4.00 + 0.00° 1.00 + 0.00°
Bta No. ?Lgofr;‘:)e 10.33 +0.88 9.33+0.88° 14.33 + 1.20°
Time to 6.00  0.500° 5.00 £ 0.00° 4,50 + 0.50%
pupation (Day)
No. of pupa 8.50 + 0.50° 8.00 + 1.00° 6.50 + 0.50°
No. of adult 6.50 + 0.50° 6.00 + 0.20° 450 + 0.50°
Btg No. ‘E‘;\lr;o/dr:]‘:)e 7.00 + 0.57% 5.33+0.33 13.00 + 1.30°
Time to 6.00 + 0.00° 5.00 + 0.00° 4.00 + 0.00°
pupation (Day)
No. of pupa 6.00 +0.10° 3.50 + 0.50° 4.50 +0.50°
No. of adult 450 + 0.50° 250 + 0.50 4.00 + 0.00°
Control No. ‘E{\lr(‘)oldn‘]‘:)e 1.00 + 0.00° 1.00 + 0.00° 1.00 + 0.00¢
Time to 6.00 + 0.00" 6.00 +0.00° 5.00 + 0.00°
pupation (Day)
No. of pupa 9.00 + 0.00% 9.00 + 0.00% 6.00 + 0.00°
No. of adult 6.50 + 0.50° 6.50 + 0.50° 5.00 + 0.00°

(P<elN oS5 oseil) Bl o (sime ST g)lal L 51 o)l yo (sl aysio g lacded) o Sglite By L oSl
Means followed by different letters rows and columns for each parameter are significantly different (Tukey’s test, P< 0.01).

4 059y Y 9,Y B b ooy e aqyY e 3 o S 0,8 dlaw s Lod g (6,8L lize 3l by lis ol
3w oy o6 5L B95 15 dwr i 3590 33 T J9an) D90 I xe 3yl BasaSr JelS il i g Lo pad Sl copud
sobdr o) (lise cp oS (FEOVB AF=VV N P[0 ) wBStS (graduodz)> Yo glod 53 3 dne psboas 05
A=V ¥ P> /1) 3,15 9,¥ 95 5 0 LSt 0,5 sluwi 1 6,8l Lod alalis a8 i omlive aals y3 I e
(F=04/0+

ogrednde ) Yo (slod 13 BIY 5 BlA slaisS 5 8l cow o) sl i o gne ooty g (bl
lod 50 0,5 dliwy s odalidie Jalds jd > dme jobods 0,5 lise o yieS (F=0/0¢ df=VY YA P<o/N) 0l LSS
Vo slos p3 (F=00/0 df=V1 ¥ P<-/)) cély jials ls gae jobas BtY &5 55 pil cov wambwds,d Y0
Af=115¥8 P< /1) i oamlive o ine SMS] aalis o (BLY 5 Bta Bit) (¢Sl Ls5 ) 4wy (o ool )
Btg 5 Bta (laaiss nj b jlad cod cuiiar )Gine jsbody 0)5 ol (3568 5 (il dS g0 iny (F=0/0-
(F=0/0+ df=V) gt P<./+1) a5 |Sis
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Af=VV oY P> /o)) sl jo dixe OS] &365 355 duw (s Lod y2 )0 0o, Y (slog )Y o i U yloj oo
(F=5YTA df=VV ¥ P<o/e)) W ssmliie jlo sre OMB] 6555 5 o > calisee slaled oy p> Lol L(F=FY/-A
oS 5 ysody (F=FY1-A A=AV 1A P<e/0) 8515 Loy b ot ylo gine poboay 3L 53 loj e cpl ccpionon
1058 Jobo ogruadsd )3 Yo 5l i Ve (glod )3 4018 (ol
Glalod pu (g bize BB 505 (LSS Lod dws 2 0 BEg ¢ Bit cladisS )5 5l SO 2 )0 oddaoi 8 s dlas
yobds 0y Wed wgmduwds 3 Yo glod 3 Bta &5 55 50 bl (F=AY/YA df=)V ¥ P>+ /4)) i saalie caliseo

Loy o 0y Mg e oy D99 Jaald il does opl &S (F=VV/YA df=VV ¥ P<o/0)) cél ials s ixe
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Solcnds wgmndude 13 YO 9 Yo clod )3 i i I gne yobody dlusi pjieS BEG g Bt (claaisS o p S sy
CrSL &GS 15w yle sdelcawtsy JolS ol pis laas )5 o dme cglis 503 &yleas (F=VV/AA df=1) ¥4 P<o/-)
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Figure 1. The effect of Bt subspecies (A: Btt= B. thuringiensis subsp thuringiensis, B: Bta= B. thuringiensis subsp aizawai, C: Btg=
B.thuringiensis subsp galleriae) on the frequency distribution of days to pupation of Mediterranean flour moth at 20 °C
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Figure 2. The effect of Bt subspecies (A: Btt= B. thuringiensis subsp thuringiensis, B: Bta= B. thuringiensis subsp aizawai, C: Btg=
B.thuringiensis subsp galleriae) on the frequency distribution of days to pupation of Mediterranean flour moth at 25 °C
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Figure 3. The effect of Bt subspecies (A: Btt= B. thuringiensis subsp thuringiensis, B: Bta= B. thuringiensis subsp aizawai, C: Btg=
B.thuringiensis subsp galleriae) on the frequency distribution of days to pupation of Mediterranean flour moth at 30 °C
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O Y

(Shapiro-llan et al., 2005) cusl Loy SaiS 590 4 bime fush o b (6,5l il (sla)lro
B3 555 lows (AIVES, 1998) el Susilses pyos 55 3 al po (30t Vb (5T05 S5 (slassgs (5,5 Syt
L gma8,5 a5 )3 b o Llosile 005 45 Slaybise (g9, pgews Ol ol taitun b5 BB ola el )b el
Byb jpiie Sy dbl & e g 3,5 15 pe wb Cov osle ki Clpts (Sofdnid Sy Cusl See
.(Rabinovitch et al., 2017)

S ) syl (B g el sy 0,5 S5 (59, BE 63585k g Loo 1 a0 5l 8 cpdl> 3ados
A cpes EL kuehniella sl s olgs clag,Y gy Btg o Bta Btt (6L 665 5 dw (6,5 slow 11 w0l 055 3,
ol wlis 5 cow 505 xSy b ol Bt 865 505 bawgs 3,1 d (slag, ¥ )3 Iy dmeyobods Sye oy
Cowd )l o opl g ogMe (Yilmaz et al., 2012) 54 Cryl 8ol (clay; (sl 5l ade SY49.1 S5 5l onis
Sye oo oy yieS (BenFarhat-Touzri et al., 2016) 54 olws jlows CryLIA o5 (g9l BLB250 sus alis 4
ST ol B398 495 0 dw a2 Sl g b dae Oglis W81 g BIY o Bla £95,5 93 4 bgype 0SS e
el Slpis S gl edymS jgb 4 48" (Kalman et al., 1993; Seifinejad et al., 2008) suwn Cryl gk
by olis Sglate (6,5 ke Jg filods eslitwl o))luiSUgll diwly & slate

O3S 55 LISl & Syt Cuaglie Sl S lgie BE 68t gbage (B omlb $5)les 4 295 L
Olpiis a8 59y ol 59l il jo sl Bt (6,58l eolazwl 3,k 5] SIS ) sdelcanddy slacadbse (gl bags
sy & bgipe VAAD Jlo p Bt 4y @lypds Cuoglie 5 5,55 sl dol timd os Ui Ceaglio Sojolan ol 4
Codo opedd pla 503 ©bl 3, 4 Plodia interpunctella (Hubner) (Lepidoptera: Pyralidae) s
Helicoverpa ssle 5y ¢ 4c)3 xhaw > Plutella xylostella (L.) (Lepidoptera: Plutellidae) .ol
Slools s 1y Bt 4 cenglin JolS5 Sl Kbl sdas ,> armigera Hubner (Lepidoptera: Noctuidae)
[(Tabashnik et al., 2009)

6ol ABAS o1 i oS A35Slen it 5> alisee Jolae Bt (6 5Sb 4y ol s cuoglio pundlSo b alayly 5
Dubovskiy et al., 2016; Wei et ) cusl lag o Bt &) cuoglio 4y clyis ool (slagusl 45" Wby ol cldllas )
oS5l & gusly (e oS sslots g ool (lisre Syt 53 53 0,8 LS5 o sheal (slagrsly | S, fal., 2018
[Nation, 2016) cul oL xSL

bl 5l .(Bauerfeind and Fischer, 2014) col caxs S job a0 Sl ool gwb p oo &l pis il i)
sbo,S slas Bt 8L 5 b b bed ialial & 368 0 blitl cpin «cudlts 6,56 wals 43 oS sluws 5 bod o
ol @il w5U ol g b e yebas (6L g5 05 95 comimen g 03D il osileoss; (lag,Y j> |y e LSS
P Bty ¢ Bta &65 55 L g,V jles (o opl 4 dusy oo ks (Li €t al., 2017) 555 0 poxl Logmmdwds > Yoy
W55 15 95 oyl o Yo sme Solds e |, b)T Ao gy o3 50 ol LSS slae,S e o YL wgeadwds ;3 Yo gled
ausl bl b oadolbu! JolS il g 0uad dlaw jd  5old jlow 90 (pl U sl o ey yol ol a3l .ol 038" sloo)
a8 2 oo gliinl [y 0,8 1us G55 5 dw yu (wsmmdiwds 3 YO 9 Ve 4 Lod Lials b (6340 1 Wlueo ol el il

slogsl 5 cul Oglite bridglio 5 (olowd dlgo g9 by (9950 Jelge jl 5505 1o (Seiodnid s Sk
[(Vilcinskas and Matha, 1997) .S’ o 595 o i bawg alisee ol
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Lol wdelcowdy aalis byl xe cgls 9h b slod 93 ;5 Bta 55,05 b lag, Y jlewd ) opuhd dlasd o yidi
Oogmods )3 YO ¢ Yr bl )3 iy 4 BHG g Bt (slaaisS ;5 p8l cov sdelcaws JolS @lpis slusi o a8
5391 5 pwlus BUY 9 Btt 55 135 93 40 s (6393 U osiloosss 5] d (slag, ¥ sy oo yas 4 cfgacme 3 dosnlie
JolS’ St Uy 055k ohiss o LS5 (5300 0,5 &5 olo o Lod 5 3 35 ol 50l 350 gl o IS ooy
Calodolcandy aali alie by 85

Aedes stimulans (Walker) (Diptera: i, (slag,¥ Cawlus &5 cuwl odd ol ol Sod ddss o
sl S5 LB (Wraight et al., 1981) cuslasl ials des g (59,Y oo Liol38l b Bt 5,:8L 4 cuws Culicidae)
2o 908 Mg 5 lod 136 & bopye slaginlof] 5 ogmulodz ;> Y0 (slod )3 5 059, IV slog)Y (59 (5 )5 lor (19631
o el D9 g e cal 4 1L s 93 cpl @l e blsyl (6l sl g 45 sl o, YF 5)Y (595 )lge
Yilmaz et ) ses 43,5 i )3 Bt (0,5 5l onlimal b oljee <l opis yigo J5S (gly b laes slod 5 (59,Y
alodld Ui 393 51 (6L ply 5D (6 Coglio Y (glod 15 3,1 8 s duy oo 45 4 (al., 2013

390 5 il g w3 i 1) 3)la g9y BE 658k Sl liee a0 oS 05315 52 55 (5505 Jelss <oyl
sole S5 ous 3,1y by T i Bt (6,551 a5 olog,Y (5055, 5 (Jlo licds Lgd oy 595 5 Sb &S ) duw
Rahman ) cusloass eg, ;o ol o Jlad e el 098Il &y Bt puw a0 Jlasl b g 4Bl ]38l (95 slins]
et al., 2007

g (S s al> o 3)lg Sy 0j9) T (slag)¥ B el lod aljl aS ool yols haggy 500 @bt Jelos
3 59395 > 638k a0l elag)¥ ] S oanlite sald g (wisS 5 51 Ko o 50) bl sles o W) ol
A5l Ly ]38 g g 58L sguw S5 s gly syl ol Ay o Y5 4 D (S et dlsye d)ly Wl (slag,Y
28 i slag,¥ o JolS @l 1 BE 655k pgaw & o GhSIgl slag,¥ Conlus o canloricnli Ly
Bt ;5 paow 51 YU (sbajen ¢ picxen .(Carriere et al. 2009; Lu et al. 2012) cuwl yiius wlodgy (5 :5h (5 yme
Zhang et al., ) cuwlosis S. exigua g H. armigera 555550 Job )b ixe ialS cely (CrylCa 4 CrylAc)
(2013

VY Cagby o (e g (dlaas (o) liie 9 2548)5 )las )3 4103 OOED § Coli oo Cugh) il ddlllas
b yials oy dbul U lo; cde o (ial3dl 6,5 slasd Lod (]38l b gy jols gaiod Cugby 4 Soo3 oS duopd
Rhodnius prolixus ,lgs o5 cpw Jolw glid jiiSly &S adosly)lis < wols sua>s alie .(Mostafa et al., 2005)
Slysd 9S> sl Jobe dlaws oI5l L Escherichia coli (¢ :SL, Jlas 4> (Stal) (Hemiptera: Reduviidae)
Borges etal., ) ui ;8L ol oo ol it 4l sl Cules ) & 351 olpon b ol cal s (S555)g8 0
. (2008

sled 1> (Sl 5 g o300 595 5 Yl slod 3 (S9N 51 ey w5 39 3 LSl slo o )3 4 B b
Canloslisl 3Ll (Sl 515 lag,Y 1 oolasi S po ybolso dlue ol duy oo 5o dy Cawlosis Dol (glo i 1S5 (b
2 Bt o581 Calises (sladisS g Lod jil uls & dogi b gaoomo )0 .l pdghuiio BEt 555 15 5590 10 Lod dw y2 jd 5
g e 3yl ey s sl alyly 5 (218> s | 5

CdS L gy 4 g w8l oo T (o & SR Jelge 3959 gl Clels )3 s )3 Jobo gl cllab oy
bS5l s oS iledd (gl ol adllas )5 .(Stanley and Miller, 2006) S’ o iy (ials Jolw Fwly o
5 4y adpll (65 5 g Sl a4 ool e sty Sl ojg) V¥ (alag)Y Ll g ilojl 90 ) sl ¥A
Wlpia )3 Gl g loguoly &Bly 53 398 ()led (193 )3 (e 0,5 3145 355 plodl 5395 (635 (B S w00
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Washburn et al., ) s bl cépin 3,5 Wbgo 4 06 pylie clabime 5 95 4 Sog1 Jole 3g)9 a0
JysS ogad DBt oSk g g bis ladisw olwlid 5 (gilulis 350 43 Baisd L Wl ol 445971 (2000
gl (LB Jelge o 3ele VL (25105 b (aladige U 355 plosl atee 5 Ligy Cpgoty )5S )3 Ul

Lolgin 9 (g 5 4
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