VWA Jlew /Yo jlachi A ala / SudipaolsS ya (50 43,418 (slain g5

$

39 (Heterodea schachtii) wid yoaias G W go wilod 39 (595 S g 0 48 139306 P (g
Qs ol g

Teaidoany o) A8 el jusl e

S i OIS (5 5 JLiS GuSLEI ¢ (Subi jaaliS 0 9 S jluudinly -
S i OIS (85 LS SUSLEINS « oSudi 2aLS 0 9 S ( ALS el (5 jlass wid ) el jlS A ol HEAI-Y
ma_fadaei@yahoo.com :oiluilse J gheus *

VWAA/N /1P 1y ey VWAA/N /YA sl o g )

oussa
ol 38 K o e 0T Sige S o 0L Slallhs €S Wil po 038 5uia age LS ke 51 (S s ol e Sl
S saliiwal usl e GBS Ly st sladluw o ol oo sl saa (55158 ISR b g el SIS slalg, S
o asse (Sa il 5005090 5 (sH0slES o 3 ESE B0 Bl saliial Glual (Suh Galite gladia 5o ol)i 80
Al el go aSlad s 08 5 (555 Osaed salic SIS0 S asbos (B8 qwps Jla Gl b ol 43 S )8
- oy c Sl (S Gl Jal e 5o 0,8 5 (555 @IS0 I kel fpl JHES GG 5 o 1A cls s
Aol AR Ll s 5o wsles cplad s oliobas 5 5830l 31 5 AL 5T Lyl i o (H. schschtii) ws
G 5She sla chle oo S Gl 31 G o 5 o,Y 5 adS a5 olhisl ciline gla clle 3ol agle)l o .ol
o 5 Ko Gl gemianglin A&kl glag 5o 5 Jeola ml ol s Sl b GlalS S50k 5l an S
o) 3550 5153530 Slie i gy (555 a5 8,58 Sl53 S 31 el B o ad3 s 3l casless La g,y
S0 e 3 Jale gl s 5L AR5 70588 31 g5l 5 soY e 5 Sre s 058 58,0 U side 580 Sy 5
el 5 alolan GRS Lo @l 5b L86 w e GLAK Ll il Lo WS wiky e 5l ol @,lan s old b
DS 50 S b bglie il 5o aSbio Ve e e b o8 5055 56 ool crns gl Golialys w0 siia nares 5L
S 330as LS (goane (B Yladal (glolAK 5 ARl )] mli © i b us Koo slasles 5 5550 Sila

C.U-U‘AJJ:‘ASLA:\J:\C}‘J;\J:\UOﬁmﬁi@j‘}‘@ibt)ﬁ&)hﬁ})dﬁ)&%

8 e Craes WLl w3 530 0B (5 5 (salS sLasl g

Vo osgaa GaalS g laasle saate gladd S o,ld 4 EPREP

P PR PV -1 - St Py PV SO (VS P XV
S Gl GalS ) Sis e ol 5o Slad 05l 0 SIS o
Whitney and ) ol sad 5S35 SlaSe Gl (saio 0 4
adge aslad ub)y culatsl cuaal Juls 4 . (Duffus, 1986
Sosme O S J3S crga o) olallbe
s oAline pliasd asans S5 (sdanlie ol 438 S
sBoags «Kucharska et al. 2011) wslas ey JouS
saly alools) gely) olilae 5uiS 5 (VWAA (1Kan 5 auie

2 oM oS sl Javis age LALS B (S w8 juian

Ot (ol slassslh8 a5 s S 5 18wl 8
sl lie i 5 s 5o gage LB A 5 Dl
el (WO Houoian g anle Slasage) ajls sk
dla aan el oY pans ol wile 50 08 juian
La g s il e lide slaggslan 5 ST 2 52e
lolan Jolse (p g Ol Ladila 5 Lag iSL dag s


mailto:ma_fadaei@yahoo.com

> 9 Sy 2l

YA

O9m O O 4o sl s albT slag s s S L, |,
Lubick, ) wals o Laa sl )5 oo Jolow S
LS Lag 8L 38 ga 2,8 600 5, (ol 51 (2008
Gk 3l a8 glay o oS winly lis 88a s o) 438
o Gl 550 s sdad 5 Jlad () 50nS) a5
1 LapeilS ol Sue (Jobw Ltz L gdT & soalancaSl
o085 (3ol L o (s Gl e dle S o 535
Laaaasl€ 5l Koo Jslaw sline ~SH (glas 5,8 5o s
=i (Dibrov et al. 2002) i< o A3 1, Lag,T w3 55 o
153 0,lS 4 ws S saaliine (\WWAR) ),
20,58 a8 yuike (oS o Slae il 331 ey W53 e 858
et las s S (Gl wlie 0o 3Sla il 5 o 13
$6 Ll K wsls Glas (WAY) SSad 5 alls il
da s Gl dl el (G o a8 e 04) 8,8 &l
Soe ol o iy, 5 aile Job () Gl
swwlis Ly 2010)Lopez et al. .o g oo auiS ) 580l
S e alals 5 g0 olilse 5 (550 2SI L )
S Wl Ol (2501 GBI 5 1) WSS s

50 S GEHIS B85 i, Bl Sdma s
dalse s 008 5 uu Wl o3 8L S e
OLSl 5 il juiss e ot ge wslay Sas) alid,

A0 3885 cpl alaal 3wl JHES gl LT salail

Laghigy 9 9l e
S G558 (s 5 LSS

A jdiha s Sl BB sle sags sk 4
ool sladiy, 5 S slad ga (3:8a3 alail cga
szl 3T s LSJJTC-“? 83511 g5 50 3 o w3lad
S0 Ghgy o SLa Ol laciw ploadl Ll Jiie
0+ Llafe «S 33 opl 4wl alasl (Fenwick, 1940 )
sad S3A (Jgare 5lga Hu aS) Ggad 5o S B8 S
Jeaio 0T Glosa Hase (om0 5o ABs Vs Sas 4 (9
Sl oo oslid laciun 5 =8 K518 Ko slius @
e s osl e (0erSee YO ) Ghs £ Sl (s,
5 AL ©d Sl Lacaw (0 S s gl .l Jits

Ciae) Cpl o sad alad) SlaEaT dlaa 51 (VWAD saaal
S suliial b Lusbas ol J5S ( Shie s Ciile ol
Cale S b1 el Gl Bask 31 s pslie ol5)
o8 a5 a (Ve P OlSes § haa) ol Al
S S lsae o ol (o5l (o s Huslas
S osliind 5 ol ¢ ylas 5 5lee Lasiss opsSleal
sLacl b, e olia
OLALS 5l (5l Ho Laasla JL,3K o Laslas g8 )

& CJ‘ .':<_): T ‘;\9:

Lagl saladl 355 conw ole 4 g ol sugs SSge
Sasdl & sate pudl slagdla o ol ol ) saliial
ol sad Jwe 535 LT pesed s 5 Ciw ) bauase
Sal 5 Sas ol go Gl (s8055nS 0 LS (sl 5 s e
Onad oAy (aalS Kouys gsan] ul,y Lagl oK
goae Ly ugane 358 bS5 51 (gokis Sl soliinl s
bl ik 5 (3,18 (Minton et al., 1985) el sus
S Gl (ualS (gl pliand JHES 5o S50
1 asas slags s, oSS @ g pandas 5 lagiSed]
s —&aS (Bhattacharyya et al., 2010) o5l oo (55908
Seasshaslh b paSasles (alS slass,slS s
JoBs il 58l il € el gasan slagi, 5 Ll
Bhattacharyya ; Minton et al., 1985) ailaisls ga o5
e Glnl 33l L g 5las gl oY 4 a5 (et al., 2010
dne (55558 a gas (25150 (LIS 5 A0S g
S5 aS e g gl wa U, pliand o e 5 o2l
S e b Sade y SGkeke (Y gans 4, Lag]
Llse oo aa g oaiie Huan I3 HL 5 slanus]
. (Chow,  2005) a3 ks gan—u s u LS SSLA
o) & sl 055 slags sl 5 SSos (S (5350555 50

Slydels el sn & (gL ES g4 mye oyl
Vo Y Gas obal JBlaals (JoSle b o) slade gane
09 Soldie pliand 5 (S5 Galsa oS wiius i 5l
(Ruffini et al., 2010) w3 s s sa ol g0 805 b wewlin
© 55 LaaniilS )5 Sue s 88 BB olhd Jae puadilSs
Ol solng 0o (s ol su s padidie A,
a8 slag g (Siual € aiil g e 058 56 olH0 4S ol



¥4

el g Wilah pu (59 dacust g o 80 Ol yd 3L A ooy g

Ol SL Loty oS5 5 5o 5B Yo Lk L o8

ALl T iladlias

9 a3 50 808 5 90 Sl 23 SU i 53
L s oy Glasias 50 a8 juisn o Sla 5,
DS s il pea She Ve 9V cbale oo 5l soliil
QJH¢)§_.AQ_EJ.€:Q‘MJ_L§A%;TJ&JJJS\_XJJ
Voo eotnlell e 5o eSS 3 eas ad alal Gllas
O iy canadle oY oae Vs Lgadiane
Jng‘\)__ﬁ.u JJJ‘LQL_a.a‘ Q:A‘J:JJJL_D GJLA Gl_.AuS:_.ﬁ.S
(b5 G 9 IS Bl sea 8 YO sley) ARELS]
MJAJ&@&JJSGL&}ASC&MJ&M(SJ‘J&
&:A—}: CA.CLA.-VYJ\D/\X\‘ C)LA\}‘L.‘.UJJLAJJY\)&AJSJA
cob B Lo 5 Jao S o s 4o LagialeyT s S
YRV ‘:‘9_"‘ )‘)SS JL@% JJJ U-.@JL‘.AB )LA‘S

SO ola ceuy 4
slos 5o GLEE Lulyd 5o JawlS a3, 18,08 L0
el V¥ by, s ol S Bl sda s Y010
S e lds sl Ju o8 7V Sgaa o cu b
Aol jauka glaclan Ha ) 5 JLED) 5 Gy s S
Voo 5\ e ohn) Ciline glackli (o S Y- slagliK
Lagla K SLa 4 ald g (SLa a S6lS s a S s
S (Sl w555 80 @IS Gl Guy 5 s S Al
5 W8, 0a (e Sla 425 5 g9 s 55Y bslae
Jee o a8l 5 S0e Liglao Sluac Ve b lalK 5
=008 5 8lS (g4 Bsb sl Hu e, da slayl L e 3B
SIS ) Gy b S o) e Ly b 9 sl g
o lasT Gl bl S b gias ofea 4 Laslis G o0
o GLEEK s Laglik sl JE) ol o glagluk
Vo LY0 gles s (AVe sgan) calio gl Ll p
(D80 @) wwlio 50 Ls 5 (ula6SS ol S Bl s4a 0
(o8 5 s9u wesS)) 5,350 50 b piubedl wad g k]

gl 535 (03 o oS lie Ve N i) bl 4

A soliin) (SSEA 12K ) suas olallbs o sulii)
sy S 5l Las, S 51 3218 158 <€ oy pem cpps
0% sS3e Ll oS ol Bl e g w8 bglas syl
o2 53 a5 S s Lacuin s o oSy Sae )
28 2iS Hh Sl ot S e K00 gola K
ad Baa 4l LT 51 (S e 0 b D Sl s S
=0 b s S b 5 W8 5 (glBia o LS
LYo+ 0°C sloo b alal 4o 55,V Gas 5k
Lad iy ) Gupes 0 (55100 olid g, cuelas VY 6,90
ot B3 (slaciun sualiie 5 a5 ol S )
s S bslas i SLa goliie b GlaK sl
curan B ol 1S 50 4 Jae ool ol sl GlaK aan
Sga 0058 aalyd Ginle] ciga Sla 51 G 5 (Sea
8-S /0 Jodae 5 e 5l ago¥ £ooa 5 a3 8
Grundler et al., ) o salsicd (Zncl2) s, LK 5l Lo
Lol 4 sud plpatil laciwn slaie Gaas (1997
Do a5 s sah ol gy (B s4mol b € Gl Y
Sy ok o0 st Sk slashwsas S
S sols L3 (555 WK S o a £ +/0 Jolae gl
A8 S 5158 (55 Ll Julae b el 5o lacis
sloos bl 5 (S50 Ho daads w8 le) B lads sal
W sols 1,8 ol S il gda 50 YO

lads s 5l sud laa il g0 S olalids gl
i 5 eebdoss; ole gad Sl s S
S Gy o sulii ) Wlad a g0 e slag LY g Laciusis
Sbhwsad (bl gl gy 5 ol
O sLagoY g Lo pulbidicas ) o (awcas,
o S (piaad a6 5-Se5M 5 s g0
0553 saals 5l eole Silad Gas lgB) i b g5
0 S Qg wBse (b (sulaal

@lyd b saxd
S S an s Kk o alide 56,3500 g0 A8 juki

803 HL 5 5l V=Y (s 53 b (555 ST (g8,



> 9 Sy 2l

D

o2 ) o Jol el YY o aS g0k 4w LT
5803 $U SRl Hua Sl Ve e clale 5o Slad adS mo )30
Ve bl LE6 e Jla ol b i sualiie gy, wunS
Glaie o ble 51 3 a6 58 8,3 H6 Rl Hu 8 S e
Ol s 58 50 ws) Gl s o weS) (g8,0 S0
5 5K ool @ wo S saaliie 5,050 L 233 4gal e
cela VY B o, 00 g0 5o calins glackle Suylasl
3 SaI5k Gl GasaeS edl delal (o5 @e)
cbale oo aald 5l aas dallbe @ GG 5o a35 5,8

NEPSRE M) FET SRS PEISRIP RIS I S TPR B
Olome Gaoidns € Jla o o saaliie (sudd )8 ass
YY/A) 658 50l 50 asSlio Voo 4o bgsyo (Saislasls
Glaeiib L 3538 ol o (00l ) adS wm o
ol s 3ol a Sa iy aled o) se oo (uBiase
W olisls 531, 5 5Law (Cromwell et al. 2014)
53l slag e eolawalyl ol sads Al RS
Ol o 531 5 sBlanS) S b g (5auS] Jlas slaws S
ailad yae Job g olio s, 90bs L S CYP3D5AZ o3
il e sat 53 sLaslS 5 Sl alan 5 ala ellas
.(Scharf et al., 2013)

.J_ie\A."s‘(d_?Ld\'~' J)s_‘.a)..\_ﬂ.ucsq\,‘;;\_‘m
Jsb)olS sud; sla padld Hl saliinl b il oL5))
905 058 by alss slaalal Saa G55 5 S 0o
a5l (g5 5wy Slio sead o (dy SEA (5
alaas ‘SL.;?;\" JJJJQ.HJJJY alaas (Sarutou J‘A:J)
slo slen (Coin 58 5o A3 laal i) (590 S
saal crwns slasals b K oy s Ginbey] g oo 5 ans
o 5l soliiad U glalal 5 al&le3T launs s 3
iws S Julad 5 45323 MSTATC 5 SAS o,LT il

S g i
A&l T slagy 9o 3T gali
ailad aAd o 88 3 s g was) g 0 A (50,3930 A
H. shachtii a8 jasaa crusea

A5lad aAS 8 loae pibisly wiaS 5 ol s
slaclile syl 51 (il () Joan) 8 0k Cuu
oaias il 0,8 5 g5y LSl @l ,3 s (A,
fa o w50 Silee dnlie g LT 31 s Llo e
Mg o lin Sl 5a i glaslas (Y Jus) pa3
Sos—e slac Ble 3 Bs &l il cus (P=4/40)
S (e cble) sald 4 cuwd 653 S0 58 )

‘5JJM|}eﬁde)5j5hikﬁaﬁdum\eoﬁjkgﬁjdkquwxuow@ﬁ6LAV.7'JMJAJJQJ|}Q}>.J—\ JJJ.?

Table 1. Analysis variance of non-hatched eggs percentage of sugar beet cyst nematode treated with different
concentrations of silver and zinc oxide nanoparticles at different times after treatment.

Mean squares (cla o 55ka)

Percentage of non-hatched eggs in different times of exposure

(gl 3o il glagley 55 olis &4 Slgess doys)

Source of variation DF

(Ol s C.a) (3157 a=3)

24 (h)

Nanoparticle (s,3 st) 1 30.4**
Concentration (ki) 2 357.9**
Nanoparticlex 274"
Concentration (cLs xo 3 5)
Error (=) 18 10.1
CV(ol % <y ) 7.1

48 (h) 72 (h)
315.4%* 273.4%*
642.8%* 842.5%*
127.2%* 92.4%*
35

6.7 73

n.s: nonsignificant ; *,**: significant in 0.05 and 0.01 probability, respectively.
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Table 2. Means comparison of non-hatched eggs percentage of sugar beet cyst nematode in different concentrations of silver
and zinc oxide nanoparticles at different times after treatment

Nanoparticle(. s 4t) Concentration

Percentage of non-hatched eggs in different times of exposure
(agerl g0 51 g (gla O o3 5o 0l o 5 gl Ao )0)

(mg/l) (i)
24 (n)
Silver( &) 0 35.8¢
10 47°¢
100 50.5°
Zinc Oxide (s 4.5} 0 32.8f
10 434
100 52.5¢

48 () 72 ()
32¢ 25¢
44.3° 36.5°
45.8b 42.8°
32.5° 25¢
400 33¢
49.8° 42

Means within a column followed by the same letters are not significantly different using LSD test (P= 0.05).
I I8 Sre gles 10 gdaw 30 LSD yg03] (wlwl o ygiaw po 30 dslien Bg 5 b (sla puSileo

29 0,3 gl g culile s il 4S (590 3993 59,
S0 Gyl a8 lane il g syl Jgaa
S g p Skl glachile Jlad pud slag,Y sy
¥4/0) il yu a8 lae Vo s SBALE g (a8 YAVD)
Vroglaclild L ot 5 a0 0 (50,3 53l (s ye
s g pSstie Ve g (103 1A/0) Al ja 8 S slse
Jaane G gldl (59 sl (50,3 3L (o ya Y£/0D)
99 5= 3 il e 9 S ye (e w32 4 sl (LS
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Gl clacible 5,080 el G Ll sne ol
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(Voo clile) wald 4 cus (90 was! 5 o,58) 8,3 50
Jla (ol was La ¥ oo (soidi sae 5 She &2l
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Table 3. Analysis variance of J2 mortality of sugar beet cyst nematode treated with different concentrations of silver and
zinc oxide nanoparticles at different times after treatment.

Source of variation DF Mean squares (Sl o 55k
O i A 35T a s " " " " "
(St ) (solil ars2) Percentage of inactive J2 in different times of exposure
(A.@)_\}n;ﬂ:.émé@b_}_;é\‘wjjyﬂnjgfw):)
Nanoparticle( 3 ,t) 1 24h 48h 72h
322.7*%* 315.4** 273.4**
Concentration (k) 2 605** 642.8** 842.5**
Nanoparticlex Concentration 2 114.3* 127.2** 92.4**
(ke xo,5 L)
Error (L) 18 8.1 35 6
CV (0l o8 s ) 11 6.7 7.3

ns: nonsignificant; *,**: significant in 0.05 and 0.01 probability, respectively.
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Table 4 Means comparison of mortality percentage of sugar beet cyst nematode in different concentrations of silver and zinc
oxide nanoparticles at different times after treatment.

Nanoparticle( s 4b) Concentration

Percentage of J2 mortality in different times of exposure
(agrl o ilzses (sla 0L 53 Y o 53V s 5 S 0 Ao o)

(mg/l) (k)

24 (h)

Silver(. &) 0 15¢
10 28.5°
100 39.52

Zinc Oxide( s, 4.5 0 158
10 18.5¢
100 26.5¢

48 (h) 72 (h)
18¢ 21.8°
34b 40.8P

4352 48.3?2
18¢ 21.8¢
244 32.3d
30¢ 35.8¢

Means within a column followed by the same letters are not significantly different using LSD test (P= 0.05).
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Table 5. Analysis variance of growth indices of infected and non-infected sugar beets due to application of the
different concentrations of silver and zinc oxide nanoparticles.

Source of variation DF

Mean squares (ol o . Kle)

(Qlf_..\x? cwa) QS’UT a>,3)
Root (., ) Stem (sl.)
Concentration(Le) 2 Dry weight Fresh Length Dry weight Fresh weight Length
(@) 055 Weight (g) (em)dsk) (@)= 05 Q) 059 (cm)(Jsk)
(,7 059)
Nanoparticle( s ;) 1 3.1* 11 5.1m 5.7* 328.1m 128.9**
Nematode (L) 1 4.1% 3.2m 3 1.4m 34,71 6.7"
Concentration x Nanoparticle 2 43.2** 78.1* 27** 61.1** 2416.1** 282.1**
(QJD)JLJthJ-;>
Concentrationx 2 4.2m™ 6.1* 0.75M 7.5*% 949* 19.1ms
Nematode (sloxcble)
Nanoparticlex Nematode 1 30.3** 58.5* 5.1m 21.4%* 4974.6** 28.1M
(Wlad x 6,3 50)
Concentration x Nanoparticlex 2 0.16" 0.92m 0.02" 0.04"m 1255" 214"
Nematode
(Blaixe 3 plixclals)
Error(ts) 36 2.9* 3.5m™ 0.14m 13.3* 177.2" 23.1m
Total( Is) 47 0.55 0.83 15 1.2 118.2 8.8
CV (o ois ey ) 12.6 6.5 16.1 12.7 15.3 9.6

n.s: nonsignificant; *,**: significant in 0.05 and 0.01 probability, respectively.
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Table 6. Means comparison of growth indices of infected and non-infected sugar beets due to application of the
different concentrations of silver and zinc oxide nanoparticles, N= Nematode, S= Silver, ZO= Zinc Oxide.

Treatment(,Les) Stem(sL.) Root(«z, )
Length Fresh weight Dry weight Length  Fresh weight Dry weight
(dsk) (36 23 (9) (L= 050 (9) (k) (em) (36 255 (9) (e 055)
(cm) ©)]

Control (uals) 34.32 100.62 10° gv 19.42 9.52

N (ki) 22.3 440 6.5¢ 5.4¢ 12f 48

SG,a) 10 mg/l 32.7° 74° 9.4b gb 14.7¢ 4.3¢

N (L)t S(,a) 10 mg/l 25.7¢ 58f 6.7¢ 6.4¢ 14.3¢ 5.4¢

S &) 100 mg/l 31.2¢ 52.49 8.4¢ 7.5¢ 17.3° 7.3

N(wls) + S (,2)100mg/ | 28.64 664 7.5¢ 7° 14.1¢ 48

Z0(s3, 45 10 mg/l 33.6° 74.3° 9.5 92 15.3¢ 7.2b

N(wils) + ZO (g, 451 10 mgl/l 28.5¢ 529 6.5¢ 7° 14.3¢ 6.1¢

100 mg/ ZO 31.3° 67.4¢ 8.3¢ 7.6¢ 17.6° 7.5

N (sl)+ ZO (55, s 100mg/ | 31.6° 69° 8.7¢ 7.5¢ 16.6° 6.5¢

Means within a column followed by the same letters are not significantly different using LSD test (P=0.05)
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Fig.1: Means comparison of foliage length of infected and non-infected sugar beets due to application of the
different concentrations of silver and zinc oxide nanoparticles.

et Joae 380 acanilSe Jy caal 433 S 158 By
(Kumar et al., 2009) coul sais
Slas 56 olass slagaila

aslad (g oad 5 andiy slagedld Gulo,ls 4 ias
> 53 Ssa s slaadl ulaad i (55 S slaad)
350 5LS 586 ma3 (S a8 -
(Vdsaa) oo wasl 5 8,8 ol)d b abias glachle

JJJ‘)‘}!J‘A&:JW

e a5 o3 85 LS 531 Gass Hladae SSily
S als ol 35 (A Jsas) LS3e lagadla (Sl
850 S5 50 58 5 5 HuasS o he Ve bz o8
aslad g e 5wl slagadlds (alS 50 Hlass (5 3 5e
S ol oo e Sl Ve slacle 5o s w8 uias S
O e a8 K 5158 (gums (g4 a I loee LS
9oy slageals LS o 8,8 (so,3 5L (L1 )
9 95— 550 LSl so,3 530 B A a5l g5
0¥ 9 S G o0 pAS i 59 S wlaad (p il
")la.sLél_‘JQJ.\_}_\_JLalJL_A:GJJSL_;e,_ﬁ\H By
99 o J5iS J31 gemian Llas «S b saalin ol ;3 50

a3 YL scbile o 5 sos S slackile 31tk
Lopez et ) s gt oo pand 9 da JEaK el &3 b
Sy 355 Liul3l 4 Lals @3 56 Yiaal (al., 2010
o 8ol gs 5o Ale ulal b 5 u s (ALS Ul 505l 520
o3 S (Jslw au 0500 3w S e 358 La sl
JLED) Blacs s acudly Gkl Lad shes Gus 5 sl (Sae
Sy oBALS a5 iy Bl sladls 4 5 Sk
Ao e Gl S s e |y ady SalS as S ddla
4SS ol Al S ago slag a5 S L)
ol (e aaas (Alie (36l 500 slauil
Ot 9 IS 9 S (i (Omse sladdn ) gaaw s
sLiS Hu Law il 8 5 golkiun 5o Hlish ool (B8 s 5
R 5L Gl ol S e Jae (ad; G 5es58) Calloua (Se
35S gtalllas Ls 1y Ll 5l s, Su i€ ailes
99 slacaalS g, 0,8 ol walise glackle
sals ol aald Ly dalio o LgiT o, hol5 sl
adiy Jas a8 g gubin slawaa . (Beyer, 1976).i
IRPIPARNE - NOR NI S RN RO P A I JERR IS



> 9 S 2l

oF

Loy Gl 5 S3e slag )l ad, 5 slows,ladl 318
o3 € mb e Gl (Suslasl olhee cldale (il 530
o3 poSie Ver) elale o YL S SRS G st S
am sad saaliie LT (gaalllae o solaiiul o) go (Ll

(Kimetal., 2012)

S Slad 4 8 uiaa (9 s pulea 5 Sl 555 00350
o= 5 iy slaiel,l ol s S glackle (il b
Soa sholans Jolse (595 andllas . wiuls Hlias (ualS 5a
G0 B SILIHL 5 a5 S B (Ska 50
WA 550 383 L JLe gl ol 809 5 S3e ol se
olyd P S cnl sud suls Glas Al gl ke g8

J.:....S‘je)zaQb:ybMdh&lﬁéﬁ)lsﬁjb'C.'—.?é'.L.EJJ..A{W&'Lwdjw‘gujdudpuw\ijbﬁﬁ—VJjb

"SI

Table 7. Analysis variance of sugar beet cyst nematode developmental parameters due to application of the
different concentrations of silver and zinc oxide nanoparticles.

Source of variation  DF( el 4> ,3) Mean squares(cle » 5:5ka)
(St me)
J2/100g soil Cyst/100g soil Cyst / root Egg/cyst
Treatment(,Ls) 5 44.36** 41.47* 352.47** 406.7*
Error(u.=) 18 241 44 19 47.91
Total( Js) 23
14.24 13.21 10.09 6.4

CV (@t e y2)

n.s: nonsignificant; *,**:

significant in 0.05 and 0.01 probability, respectively.
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Table 8. Mean comparison of the beet cyst nematode developmental parameters due to application of the
different concentrations of silver and zinc oxide nanoparticles, N= Nematode, S= Silver, ZO= Zinc Oxide.

Treatment(,L.s) J2 (v e 5,¥/100g  Cyst (c...l)/100g soil Cyst (ce) [ rOOL Egg (=)
soil(s1=) (S) (aisy) leyst(coen)
N O 152 19.52 55.252 124.52
N(xls) + S G,a) 10 mg/l 9.5¢ 14.5¢ 41.25P 1070
N (xL) + S (6,100 mg/l 7.25° 115 32¢ 94.75¢
N (w5l + ZO (5, 4u5H10 mg/l 10.5b 15.75P 40° 107.5
N (k) + ZO (s, 451100 mg/l gd 14.25¢ 38.75¢ 101.75¢

Means within a column followed by the same letters are not significantly different using LSD test (P= 0.05).
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Abstract

The cyst nematode is one of the major pathogens of sugar beet, which, many studies has been done for its
effective control. The most of existing control methods of cyst nematode are troublesome. Recently, the use of
nanoparticles in various aspects of human life, the application of nanotechnology in agriculture and especially in
the plant protection has also been considered. However, a detailed study on the effect of zinc and silver
nanoparticles on cyst nematode has not been done. In order to examine the possibility of nematode control, the
effect of zinc and silver nanoparticles on different life stages of sugar beet cyst nematode (H. schachtii) in vitro
and the effect of the nanoparticles on the nematode pathogenicity and damages were assessed under greenhouse
conditions. The results of laboratory tests showed increased mortality of larvae, and reduced egg hatching, due
to the use of silver and zinc oxide nanoparticles. Mean comparisons of nanoparticles were revealed the more
effective of nano silver on the inhibition of the hatching egg and larvae mortality. Results of the effect of
nanoparticles on nematode pathogenicity under greenhouse conditions revealed that the nanoparticles reduce the
cyst nematode damages. The results showed that silver Nano Silver at a concentration of 100 mg/l mixed with
soil were more effective than other treatments. According to the results, probably the toxicity of nanoparticles
had been more effective to control of cyst nematode in 100 mg/l nanoparticles in soil mixed method.

Keywords: Cyst nematode, Nanoparticles, Silver, Zinc oxide.
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