Journal of Water and Soil
Vol. 26, No.4, Sept.-Oct. 2012, p. 832-841

i

(832948 Zbus 9 psle) S g O @ i
ATY-AFY .o ATRY T — p0 F oles FF ul

2 OS5 aVLelS Al ps S e slp mSU s 1K g8 o o

2 A P Y . Y (u.
Shoine o = M Ol o — 0 2 (ilauae = Jlilhe (55w A
AN/ 3l 55 5

LRV

L S5 1 Laodu¥T ol i g g oo ogume Sbylas (slaors ¥ e (claiySppien olplo s 5 Cooms gujsf (535S blse
3 Laos YT ol Gls (el (65909585 cp it (35 OS5 0038 41355 slapanslB g Sso 9 LSl o3litol 295 o0 Coguina S5 il
Sl g (B OlS 5 VL ol Rl ) 54 jo sl Sl g 1)sSee @B b oy addllas cnl Sl Ban 980 Cguine 03l il
B Siaole L olyen ;i olS (T)) ,aud ol Jlo jlaz g 03,5 odlal plb e @ 039l 23 ¥ 9V Sogll prdaws b o3g)l S 95 jglaio oyl
S (Tr) €0 ;S35 Slags L 5 s 5 e b oo oS 3 (To) S5 (slacs S gl b opui i oS (T5) s
930l o ialS Llen sl g aduy Glie (539l pdaw Lol33l b aS sl i Sldllae guls b 48,5 IS 039l S SV o ),
Ol 8 OluS 35 0084 158 (bapundS)lg ;o (01381 b sy (g pxe (ialS 15550800 )8 0aiS” cdlyyd (slajylowd 10 (ygml juiddS” wo )y
o 5 203 AD Sl b sy o oliee i il oo SRl (So9ll o 93 5 50 (e 4y ol S o b duglie )3 (85 BS54 jo5
Jley (saop FomAs gals onimy ol 15 GC gl b sdnlin 1oy ¥ (539l w1 Sa555 sl ySb g 1 ysSue B8 oaiiS” il
391 (5185 Ol 5 048 4328 (SlapudS)lg So 048 2l (gla o poled 13 Gl 5 it g7een ISl 93] 5 oS

LaSglhngil oSl Jloy dizys8en )8 5425 sloeySL 1 galS” s 8314

b oy JLos au |y eniy whbgnge plu o sl gly gylow
0 Sigan slaanlp (1Y) 05,5 Blo s baome 5l g520
salS g plie olie plsd ) L& coge 0aiS o3g)] dlge |
O dr (st 45 e 415 095 0 SB 0 Ol (5l b b
Splie cdled 4 (S Jol5 jolay oS 435 ) o)Ll
OUSB dnols (5 Sl cplplo oyl SB oeyd 3155 Cldgs g0
ol bl 5 plals oLy g codls 1 weiits i g ot S|
0,3 835) Shgzge plu g b Sk yed 3 (1) 305 6 pis @elg>
& 3l )5 (o Sl 5 g (K polis 0)33 L S
=3 Slpde | Sl (s w2 Wl 3959 5 0bS > o YL
-03 8155 Shgrgo ol slad (el b Jbo a8 o 55l 5]
Ol g 4Bl Gl olS )3 cew g (6w polis gea (liee
g5t oy (VF) il piy (Sa5) Gl giaied Mlgis
b oo 1 Los VT ool Gl (gl (Sofslom 5 (Soiid bond
5 sla Sogll Blo ly Gigy oyt ol Joi 20 392

dodo

PSS eale) 5 g Sl o sl (938l o, )

amd A ;0 U Gl odds caw )00 (ol e )y ol
helge ala wly 4y S 0 slaoans VT 5l ool polie arsis
oYl sy mio STye Slauls g oMol casydl 285 wile
oS3 ol 65 85 ool g (e ) (5 03
Gl 9y0m 3935 (A) L5 Cannyj Lo 35 oyl g Lo 1St
2l g Laglacl (6l Canis oo o Slgie S i
5 Caom 3ol el @lin (S35 01 lisge g 0and 055 lagage

A ¢ ol S1B 05, 5 jlaiisly g a8 Sile (ol =Y o)
gl Ol ozt olStsly g5,5las
i gme 0t g7 %)
Slgal Slisios pole aoly s b 09,5 18yl (olid)l8 (ggonidily ¥
sl ez 3 oK (53l m9 500 09,5 bl =¥

(Email: vsarvi@gmail.com



AYY S5 sl S g 1 ys5m ) i oy

2032 (Tr) e S o slags Sl 5 52ys5ee
~ Ll S od glag Sl b oad Giale lbales )
03¢l LaSB diges & olS cuilS I i ain 9> Saios cla
9 0bgegds (o9 S5 Sl Sl ojg ol 53 b 03953
=0y (ddg 04 Silwlis o>9ﬂ &.‘ol.m sbsk 5l M)}A
ke Y0 Ly SIS agui 12,50 sl ooy 3 (65
Al g ) SV e i) el Jidgr cuiS Laze
6> Sland i) g pS ) by landgio i p)S /Y S
A0 S )8 1) g p SN el St 3 e S Y padsel
42355 bydses (PHEVIY b e IS (59 2o pd ¥ eptd 0 p)8
FIAIRCNE JOPPEINY (PR 1 JUEJE S DU S SISTE
Wy Sa o sl Sl silele ly s ang VT speilisges
A e /Y g a0 ) 3 ], 8yl 1 e
3 AR ¢ ey g b WLl ] an ead byl pl3 s
Iy g0 0 ysd oyl 5l s b 4SSl pglie S Jbs 50 YA'C glod
o by pmd e oIV (3 By jl g 03 33V By
L osct o 28 st 5T e Yo g b i s 554
augSSI YATC slod 3 el YA e 9 0 @bl o] & a5 i
Coouy g i blad jl iome sla 5918 )90 cpl 5l im0
S9y = ladlate o CitS gy il pald gl b
oS oo 4SSl sl FA oy g 00l S alBlan cuiS lae
(Sl Sl 55 (aluli sl 3,3 et ] sl s 3
basee > 043 Lol L 51 Y) 23,5 oslisad 5 o0
05 03l S5 YO slod g s Sy e 4 TSB mle oS
S5 395 Ol320) OD= -0 Ly Lo ol ) i oo Vo s
G (gl B e b 55 ying Sl L o3 5ol
i oo 4y 5 33,5 sl o3 S (535 1 S 50
90 3l Ly o025 00ld 1y 8 4SS jo ailiie byl )0 RSB diges
dae Ve w9y SBpSelS A el aS islejl IS e > aan
095) 2095w @8 Sl slajlons )3 ol 4 slS a3 )3
(intraradices « 5 Glomus i Arbescolar-vezicolar
Sy Sygeo i SB s I g ytantlo ¥ ges 50 o] alojl p ST
Sogdl e U jled e (9 dald diges G L ailiS &Y
o b alie balyps )3 Gislejl Jolie pled )39 05 o3kl suoy> V0

Wb (4SS adiges
22 ( Sy g Bl) plon slaphil ain cuin Ll I
Sl 5 30,5 duslomo 31 5 (59 9 onbliz aBsl Cuand IS
i i o0l g boye S gy SLS 1 Uiy, g5l
DB ol 23 05250 sloady; olyen 4 A5 o SB &S gt
OS5 S @y el 0 Lo B Ol Gl g3 U1 5y 5 00

do)d e (6ly 3,5 Ao o 59 e g A 03l

Basj Ohbgage 2Vl Canj 2 gl Jole il 2V
Wil blpd JBls b Olog ) 4 3B &S g Sl g oy
Gl el 5l o a (iweyd U Glagge (V) !
o 8 S o by Tl &S 1 g o 0a YT g 59
1S ool I3 mite lgie 4 laoau VTl 48 amd o ojle] Lyl
2l YL ooy o § SasS ojluil bl il 5,505 b
sy Sl Yl g S o 1y pole Lmoa VT ] L
il @YL Can i) 135 plonil j Oygo 93 4 2y9e
Lol 48 lod S ololi 4 lasmays S5 5l 539l 23]
e 5 2Vl oY Sl ol oS ey
Ol ol oo 9 503 (oo 039l SB L Ol Uil Jols
3 YL, ygiSy 5 o] 955 CamgaS Joli o
Oode By oYhcuw ;s S Wyl olael laase (iST.(VY) wsb 0
2 @YL Canj gy & 31 ()15 35 (F) 0pge Sl )
4o Ay a5 03 (wlile S)ir g 38> SIS L gy S b
Cope g9 (wlua! o ©ygps 0ai] )3 (SNl oy S lgie
sl e o 293sl SIS T 55

o 03lpls (lLalS Cujen g8 plyis 1) )6
oS g e polis 1S5 g yiud Ol Qla 3 ) are (18
oS 55 15350 Sho gyl8 ids simd Ll yu3) laiss WS o )
Dial3l 5 0391 (SRS 15 elS L, w5 S5y dlawly 4 Y
G5 ol 5l Bae cplpln (V) col Laodis VI 350 G
s Gl )0 S Gl Sl g 5)95ee )8 LB oy
Aib o Sloal cis @ oagll (S s a5 elmenYT YL

W g, 930

(+=Yeom gos) VL &Y 5l S tag ol pbsl e
cois slaoly @ o3gll & S L ol)j slagya cppSop
Cis (S o) ¥ g) polie b S5 a6yl ez Slgal gle
soday e 0dd (615, dises ddlaie 4y ol oy iSa 5l &S B
PO Cons L pls coii jglate ool ol i 039l e giunn
S9y > Sigded Vv Casby LS g9y 39 035 o p 89,18
9 SIS i Sl 94205 el o il Bg)ls
olBilojl (slod )3 din 93 ke 4 ladiged aody VT xbaw Lls
i byl Cogby dx 0 LS Gae pl (b g Bad (6)leSS
D45 byl 5 955,05 MelS g (5l
b gySoye osi ez ool (S (siluge Cuns sl
L ooy oLsS catS—Y (Ty) yau ol caiS=Y 2 Julis o8
il Lolan jacd olS cudS=V (Ty) f2)08 )8 Sjale
O Sianle L olyon ol cuiSY (Ty) Sajos slags St



1P LT — e oF osleis FF ulo> (S g ol s AYY

O 0 (VA JSIs) b 0y duo 3 B e )3 (41 me gles G
9 540528 la Sl g 1ysSee 1B (Siale L jless o bajless
&Bly > b 0203 3 See oyl 1525500 1B (55 wlo b jless
el Ay 4 5y Shas Gl 5, 395 55 D ppSen
SLas S (o ey SIS g Ak ) dsog S @ b Ol
> G e Gl g 1)sSee @) L linsd oaiiS” >
oS s VAM (652)5-Sse (sloag) (i (sommn i Sl
Gl 0aiS s slaS )5 aliSl g Ol St )3 (ogg)
Ol 5 anps L Sa s slaeySl (10) cudly lady,
s 1) oS (il 50 (sl ol Coans e 5l oY
alasde LB jials a4 Slajles o S glassS 4 e o
Al o YU oS 3, Slas g A5y liwe th)S &g lookiy Y]
0 S sl slaylos jd aS ol L 50 olS Aduy iy (e
o Gl L g 2l 1) plesily oyt 15259500 )8 (55 4ile
2 obes slag o 38kae o g bl S Ay 0y (539
A 043 403 B aw )3 (61 (gme gl (59l aw 93
(Vb ss)
e 5 68k il b olS cutS slajlo > aSil 4 2y b
2 J Ged 4 39 yao Loy Ay Ggul jatddS” Muoyd olS i
O il Ly oS S (clajlas (ygpmsl il a0 > (Y JSU5)
sS4 syl g 1ygSee )8 gl b olS culS 5 1 )95ua

ol ol 03ld uLu.d

oMl (¢jalSS) 5 silw (9 oy 3l 3 i) gml il
(V) 2x0 8

Uhgy I S i olS 5 JS eale (e jslaie &
29 A58 O sglame Cun L dleaS g (o) 4 (6550 las
(Lyel oy lame clblis lojls AV e o)l (j3g)) (e IS
s (g Sen palie ) (68 il 3l g 5 () A 03z
o3l wl 3y90 (1S gilog,S olSiwd Wb B3y 55 (B1,S gileg S olKiwd
Y+V+ Ji vinci TEChnologies <8, colw Gudzs ol 5o
el a5 plosl FID 5501 g 1S (ololis 45 o9
led .ol odd dusd 1o YO Jsb ds slaibge ygim oK oyl
oy S sl as s YV ol ol sle 93,5 (Sle 4 y> B+ 4yl
3,8 Bl am )3 0 aidd il a ol jo by Liol33l b &S oo
LS 5 035 (slyn J 5 035 pan s Sl 00 ki
(V) ol 00 o3liol (FID )5 5051 alas gz (59,50

iwlejl g SPSS l38la 5 5l 55 Laosly (¢,Lal 4o (6lp
@ LSk dualio 5 (holai MlS” lasly g5k B > el
b oalawl Sl g,

o Gl L aS amd oo lis algn plul (g oy

Vo) (Sosdl o plae g e G2 alsn Pl (9 (S35
Wb 040 Lo > B daw 50 (g)b me Gy dald Hle b sy
2003 ¥ 9V (Sog)l awgd 13 o oz 2 3)Shes o imen

59 uP0 mpPl
45
A
.i il A
35 B
3 3 B
g
3 25 C
i |
W
}_— 15 C
£
3 1
0.5 4
o | WIS L L L
1 jad

b

p2

~
el

PO mpPl P2

A A A
1 A
| B
! B
B
1 C
B C
| C
| C

laylas

w oW
PR B <

(OIS 2550 (21s2 Sleeolad! 55 05y eSlee
— = o o
v o ol [=] wu

o

a

5 Al by CuiSTTY 13,0500 258 55 alo U joud CalSTTY jund CuiS JlowdtTY 53 duivy g (219 seoll (39 cnuSlo - S
S Al pobw 43 F 525 SS9 1525550 g8 (55 Al b jaed CllSTTE S s s S



AYD L Fas 5 sl sSL g e ys5m )8 i (o

e 9 48l (il ol (gl (o yiwd BB jand (e ©jgai]
ooy il 8l dawly d ddiyy (S g dawgs Rl L el
rlis (a5 i 4 15 )5S )8 oo 1 (B (gl 32l
(WY 9 ) 29800 yls osge ) ol 5l 2y90 (1S
Jole e o &5 a5 s e LS ib)ly 4 jo8 gl (o)
#6528 oSl gl 5 1525500 )6 il 529l s
2 Sl (8 OLS i an e ) 003 B e (4 (dxe
L (Sl s § 5205500 el b (5ol s lite 51 e
Loy B aw > (5 SlaS 5 4 jos 3 Sa s slagg xSt gl
o s Wil o Q_.{] ol L &S ‘_'):’.\ MW PN S (o
295 i (Sogl i 5l aid o Sy slas 8L g 15255
5 aajps sl Sh S o dhuly 4 a5 OS5 a s )
D a5 Jlite 3]yl o Jls 4 i e i) S oy
LBl e (8 OlaS 5 an s ) )1 (e 135 (gl aoyd

(VJgie)

L olS cuiS jlaw 5 amel 3inlS o yd oS wad o lis gl

o L o3g T S1S g5 ol SB aw o 13 15,9800 2,5 idls
5039 pln by o3gll o S 3 izmen g 203 ¥ ) (S
50559 doyd B praw e dw (ol o gyl Gxe MBI
6L g s )8 gl b olS cutS jlod o > S Il
D s 1> (o) ine Soglis (SapSl s 3 > Sayiow slo
Ol 3 Qg flS o) lide (pizren 50 odalie 4oy
YL 1325800 )8 gl slaws 0 s (Sl grdaws 93 52 53 los
3929 o> B o )3 Lajlas ol G (631> (e Sl g 039
Tl Lo )3 45 0,8 dag (g oz 1) dhol @l o)l
F s pols oais Bpae Saipd sl ySh Ll @)
Ly obioe ol Saios sl Sl il s 4 jhud dox
Km g YLy 039 gda (sh1> (i) 3355 Sl g aSil & a2
S 5l ool g i Ay 308 g S 45 i 205
P s ol ol Gla Gl oml (il o oS5

60

50 4

O gl 225 Ao s

b oles

A
A A p 8

40

30 A

20

10

0 . . L

T1 T2

Boop o Sogllzlas
Wosp ) Sogllxlas

o ¥ Sogll mla

5391 Clisen zoba 13 15559500 5B i 008 Cdl 5 (g Hlow 55 duliyy Cygne! il uo yd —Y S

S OS5 a0 g Bylewd BT uilly i —Y Jode

F g Olupe onfibe Ol ggoe 305142 Ol et glio
Yo/vy * fo/vv Yo/vy ) 539l aws
YAAVAs AYAIYY AYA/YY ) 320950 28 (55 4le
VEAYIYY VEAYIYY VPAY/YY ) <AL G5 ab
Y /YV ns -Iva ArAn% ¥ &5Sb 55 wlex Soglldaw
-/¥Vo ns -/¥vo AN ¥ 35650 2B 55 wlex Saglledaw
VAA/YY SEIYVY VAA/YY ¥ 32y95we 2% (6L 55 ale
\ARES \O/NY Yoy 3 SS90 prdanix 33 y9Suen 8x 6 iSL Sl

\ \Q 1 eiolojl slas

B re pue gl MS oy O s ) Hld e gl 1



1P LT — e oF osleis FF ulo (S g ol s AYF

Ssl g 03,5 o i) (pgpnlfptdls g jolie 52 5 s
(1) ohSan 5 g )l Slalllas s (V) 35 55 (30 Sl
Jbes 05 ol b aulidio 0 (y p jlosd o (a2 &5 0l L
oS Aoy 0 L 1555 Se )8 5 (6,81 alo oS cdly o
g 4l Laylos (5 1y (@35 cpids ()5 9)0en (gloniyY]
= xe BB sl jlod 4 Cond Hlowd ez 2 i e (e
A5 IS )b
Olye a8 @ (yle (85 e YFY o)led o> (185 diged
5 355 9 el 3l Gy 1 00l 0390 ol )3 (85 0]
QLI e 8 32555 (B leg S I ol & olesdly (ypegi
La ST Jloys 5l s’y (iomio 5 shaws (1 JS3) GC S
ede an olad g ey LeS o )3 (F U)ol sy
Jlep & G raj 4325 plp 3 pglie sl (Josle plel
e 55 o3lital 1815 (el il sis 4 olbyglme slo S
o (Hm oldyglre slada)S g b g b CusBge s
O D98 o0 pasuie 35 i )S o CusBge (Cis 5 Cir ) a5
o> i 53 1) Ll ST Jlo s s 2 g jgliias
(F) Ba5 g el 2 P
C30_C39 9 C26'C29 ‘C22_C25 ‘C17'C21 ‘C13'C16 ‘<C13

o gy s odlie pae > 4 o ST Jloy Jgl aswd

ol e BAES wyp B ldges ol 50 oel Cants Sy ]
05 3 Aoy GCylages b bajless 1 S5 o slahrges 5l dlols
0 S duslie Jald diged 9 Y Vo lows oy i

ol glyil i OS5 lade ) W Cowds ol oy b

lo oa S €l Hlow oS 29 o Cudld p pi AlpuS gw dlewy
2l 3l ptdn Sa s lag S olyen 4 1 )95 )8
V (ool s )3 48 (glaseS an il i ol 5 iYL
5 s o1 JI slaoss VT o5 o )3 AD o (ol Lawgs Aoy
VA jless ol bags 4525 (e 200 Y (Sagll o o o Ll
o 9,2 3 Jlasi ez 2 3 S SlS 5 o5 (e g 00y
- o gl o )3 VY 55 lise b aalijlad 4 s (Sl
o 13356800 )8 ly 40 (Y USUE) A 0000 o yd O s yd (gl
insSen b s ol ) slaosia¥T 425 Sl o, 558
et ol cwlio lay o sloul (2w 3)950 5 2 we i)
ORIl g iy g ddy e Gl 3l dawlyy WSy S
Olojed joda> Ohyguo ol )0 (V) 0 o Jlesl sy il
e g 45 Gl Nlgiee 0aiS 4o lage Sl L sysSee
Gy, Jole olsie & 215 n 59500 25 9 a3 Ll
Jold 48 555 ol )lg So (35 arle Cudgaze ouilS
Gyl Sly () 5 Jar bl e yolic 5 5umS] Cydgioes
i ClMe il el S glagg S s aBlal )50
L 5 USESS gy i elly & o] s B
ORI L TpsSm )8 05500 o o il jél el o
Sl el sl Josl Lo G el g psSn o
Omls @90 > (Hy 9o ST @iy Cadgie g8y 9 by
9 siwgi) > I 0¥l (e S8 8L Caner 39
e Ol Ol 58 Vb G900 )3 &S bioe (IEN Hawss e
03 8355 Shgage Culled (gl oyl Jele lsie 4y Wl

90
80
70

S S s Ay

e

bl

A
B
D cC
60 E D
E
50 |
. 40 F
30
b 20
10
0 ; ; ;
TO T1 T2 T3 T4

Woapn¥ b.'J"ani alaw
Hosp \\_"_NBJI zls

sy yhe Sogll mlav

3@l by CuiSTTY 132,650 258 (55 alo Uy CalSITY jud CuiS Jlowdt T sl jlowd (T gl lod oylouily - JSUS
oo golaww 45 (I SS9 ,0b 43S (1 S50 SIS g 152595 58 (I wle b jaas CulSITE S jod (sl S

)15 3639 Lol oy oy gy o )3 6y Lixe Sglis (S el s I it S yiie Ggys (b &S Lledgie oS D]



AYY S a5 sl mSL 5 1325950 g6 G5 (omi 2

JJMJ@ M

Retention time(mine)

Gt 5 ol YEY alodd oly ols S 555 315 57leg,S € S

PEQLR TN

C13-Cle C17-C21

10

8

6 -

4

2 H B
0

C22-C25 C26-C29 C30-C36

PETS NI

YEY o,lowd ol ol i 45 T Jlo i o yd -0 S

g bl oo o> YO C17-Cyp S 55 3y50 )0 e opl &S Jbs
L =l ey 4 C31-Cag 9 Cas-Cap L£ap-Cos ©luS y3 3590 53
ol dsged b jlges cpl dunlie fyoud )0 g o pd B0 9 A+ T
Cop- C17-Cyp L£13-Cip 0luS y anjod ol o5 a0 oyl
B g0 ¥V YUY flie as iy & Cs30-Cap 9 Cap-Cry Cos

(Y US8) 29 yiday b

pla et GluS 5 lise b dald diged 13 4359 lie duslde

aSg0d 30 Ci3-Chp Gl 35 do 2 ¥V aS aad o L (£ JSK)

C17-Cy1 olS p @55 liee 8 Jbs ol 0aid 4350 aalis

o g yao & Nl iy 4 C30-Cag 9 Cog-Coy Ca-Cos
Dy luoyd

Pl et oluS 5 e L Th e 0 41329 oo dlie

2 Gl oad a5 Ci3-Crp laS 5 duopd Ve oS s o i

_!1\0

is

2,

.'ﬂ 6

4,
2 ”
]

C13-Cl6 c17-C21 €22-C25

gl Jla 3

HP WTO

11

C26-C29 C30-C36

OB G b ol diged jd ST Jloyi wuo 43 du e — 1 JSWS



WY T — e oF 0,leds Y o (S g o g2 AYA

14

12

10

AR S ) ba
B ]

N

C13-Cl16 c17-Cc21 C22-C25

PETT I

HP WTO ET1

C26-C29 C30-C36

oy Y (o9l b 45 Bl G g WL diged b olS CulS Hlowd 45 LISIT Jlbo i o 3 Ao -V JSWS

= e
N
Il J

=
o
L

A il sy

o N B O
|

khﬁnn

C13-Cle c17-c21 C22-C25

1=l Jla 5

HP WLTO ET2

C26-C29 C30-C36

S0y ) (S3gl w45 ol Gl 9wl diged U 15159500 gyl oS €l 5 Hlowi 45 BT Jloy o yd e —A JSUS

Ol a8 (6yadar bl o C30-Cig g Cap-Coy LS 5 4w b jo
Loy 009 OY/D iy s Sl dges b s OS5 ol 450
Ci7-Cy1 C13-Cis Ol 5 4325 lime Al yd il o b
d"‘ dw.uLQa J.wbuo pdey Jo > ya 9 ¥¥ ¥V ol )y 4.3C22-C25 9
o luS i eled aS aad o LS plb Ci Jhrged b Hlages
Col sl oty Wlodds 4355 doyd B0 (YL Cop-Cos ©luS

8 Js3)

Ciam LSy anjod plise o and o0 (LS (A JS5) (o) 2
C8byd )lowi ;3 C30-Cs6 g Cag-Cag Ca-Cas L£17-Coy Ly
a0 o V (5ol o b ST 5 155500 )6 il asle oS
2 g yidi dod B g OV/A YU XY VY Cuiy 4 sals dges
GOV IV & Ve Ly jlp o Glise b C & S S >
Al oo dop> B
LS 55 Sarios cloesSl gl olo ol <y Jlag 52
2als Hlos b duslie 1o 4355 e p YL Moy V(509 o

Ad i e

C13-Cl1l6 C17-C21 C22-C25

g e

EHP MTO ET3

C26-C29 C30-C36

0,0 ) (S391 pdas 4d o8 G g wa Ll diged b ,5 4 5o (glow pSTL 0uiS Cdly b Hlowd 55 L ISUT Jbo i o 13 dug o -4 S



AYQ LS5 gl S g 1 yaSme g5 i gy 0

dos ) Sop 0l s 33 Sy (slag Sl oS b o 5
ol bl o doyd ¥ (59l prdaws 55 ailiie (gla o 4 o
4 Oliwe (S 53 Sldn)S At & S dlwd (pl 3929
Aoy 025 bagto Ly o5 B L5 o8 3,01,
2355 GlaglSl Jloy o8 528 a4 adlllas 3550 (sl S,
(el 3 LS) i Lo b Lo lSUT Jloys oyl sl s
3 o 3y9e i ySan jou sl Sl g o5 lade 4
() 8,5 oo
PP 8L oS a s Sl Sl oS by e 5
A9 (i SLS S ol @ 53 953 meilSn 93 1 (S daly:
Oliman 5y Yl ely JT O 5 s ol L 5 S5l gy
() ot 5 58 bl 395 o S T Sl 5 032
o 53 1 SluS 5 & 03l SB (Sojedsn s o ol olts
2l e S Slss gyl Cog-Cog 9 Con-Cos bS5 salis
035l SLS oy Sy 528 laasSl o] 2 & loless o S >
Olidl ooy B (YL @ GlS 5 cpl L0 liee Sloads aslsl
V) ol aily

ol oa S Bl Hlow o &S aad o LS Ve S Ly
o VL Sl ol a5 sleaySl 5 s 6
C13-Cie LS 5 458 )lie 45 gy0tay Slodds 4155 Ao yd
YO &Y b8 &Y iy 4 C30-Cyp 9 Co6-Cry £0-Cos L£17-Cyy
o= daslie a S )0 Wbl o i Jald Bged 4 Cuns VO o
425 (e 45 48 dmd oo Ll 5 Pl i jages b loges
C30-Cs6 9 Co6-Crg Lp-Cos « C17-Coy L£15-Cis Sy
il 3oy VD 5 VD SV NV AY L ]y sl i &y G
2 eldis L i gl 59 103 ¥ (Sogll oo L S5
WY S oy b el oty 85 SluS 5 4350 e b dladl,
OlasS 5 oS (e cp g 45 Sy @ nl @ lyie
5 1556500 2518 el dlo ouiiS 8l o Jlows jo o5 calizes
e 3 5 Sl 5 e g3 b esmlis S S sl S
Ao a8 9 Cis-Cis am barpe 325 (e 0 5V bayles
odnlio glay b Wil o C-Cos GluS y & Blaie b 4320
LS 5 a2 lie o9 omly o9l e 93 ol o 00
152)65we )8 el oaiiS” il 0lS cuiS oy duw ;> Cpo-Cos

12

Ll

C13-Cl1l6 C17-C21 C22-C25

PEQ R
00

g e

HP WMTO ET4

L L

C26-C29 C30-C36

2053 ) (S5l g )3 B S g WAL digei b S o (Sl S

248 Cdl 3 Hlow 13 LGN Jlo y dao )d A lie —Y ¢ JSUS

6
5 -
4
2,
13 1
N
92
4
1
0
C13-C16 c17-C21 C22-C25
sl Jla s

HTl WMT2 MT3 ETS

L Lk

C€26-C29 €30-C36

wo)d ¥ (Sl s U S 45 Jlond )l oo BT Jlo i 43505 Ao yd dug o -V Y IS



1P LT — ye oF oylois FF o (S g ol as s AY S

YLt pllidl ) San o e iSh g 15)s5ee )8
oyl 3,8 o)l 1500 ol Lo @ s oa VT JT ol )5

~au o5 slae,iSL L odgdl S 5 ale 5l aS 33,5 o slpiiin

Do

Sl Pl
olgie & gl plaS 5 tine Slanj jl @il o0 p3Y by
Cy e gblie (o 88 Jlo coles g o jolie

el 4zl 1y (1538 5 S JloS gpb cnl ) (0lsS 5 )

L9y peyad > rebde gl s (VoY) ol )en 5 @55l
. 2339 039] Cawndy 03901 SlgSB 3 b ST Jlo s a3

S5 4o
S bz byly 50500 b Conl a5 ol odimd (L gols
Ol (N OlaS 5 4o lise b uanslS)lg Sn clled (gl

bl )b dgsae BLod & 1525500 )8 &5 plgs oo cnlpls - iloo
95 Wby 4 argi b lpundl)lg o cullab g olS A (ol S

"R O.)}.ﬂ LSLQ‘SB ).) DL; pw;g 6990 ) .))J.)lg Q)?“D ) OJJ...).Yi

Cgn Ui olS Wiy Ll 38l g oan YT T oluS 5 4oy wlgs
Tl L les 386 @0 plgie adlllan ol 1503 ol bl 4l

&bo

qu)‘ u&)l.u»)lf a0l ulil" .)I}m‘ Pl> C L 0.39.‘1 dLQ;b u.:YLs [WER IR A.S'” 9 Lf’w dlb.); u‘f‘ ) AYAY o ‘_s.u.w> u.a.s),w -\

.)'|9.m1 OI)A% BV oKy
Slaal e s oSl clylisl . el (SS5edsGle 5 b S Hasis slaaly MWAL o biies  -Y

International Journal of

3- Alarcon A., Davies F.T., Autenneth R.L., and Zuberer D.A. 2008. Arbuscular Mycorrhiza and Petroleum-Degrading
Microorganisms Enhance Phytoremediation of Petroleum-Contaminated Soil.

Phytoremediation, 10: 251-263.

4- Atlas R.M. 1981. Microbial degredation of petrolium hydrocarbon an enviromental . Perspective Microbial. 45:180-
209.

5- Azcon-aguiler C. 1992. interaction between mycoohizal fungi and other rhizosphere microorganisms . in:
Mycorrhizal unctioning, Allen Mf :163-198.

6- Bordenave M.L. 1993 .Applied petroleum geochemistry.Editions Technip, paris pp:160-165.

7- Christopher S., Hein P., Marsden J., and Shurleff A.S. 1988. Evaluation of methods 3540 (soxhlet) and 3550
(Sonication) for evaluation of appendix IX analyses from solid samples. S-CUBED, Report for EPA contract 68-03-
33-75, work assignment No.03, Document No. SSS-R-88-9436.

8- Cheung K.C., Zhang J.Y., Deng H.H., Ou Y.K., Leung H.M., and Wong M.H. 2008. Interaction of higher plant
(jute), electrofused bacteria and mycorrhiza on anthracene biodegradation. Bioresource Technology 99 :2148-2155.

9- Fine P., Graber E.R., Yaron B. 1997. Soil interactions with petroleum hydrocarbons: abiotic processes. Soil
Technology. 10: 133— 153.

10- Harbhajan Singh. 2005. Mycoremediation. A John Wiley & Song, Inc., Publication.pp:283-285.

11- In Situ Bioremediation: When Does it Work?. 1993. Committee on In Situ Bioremediation Water Science and
Technology Board Commission on Engineering and Technical Systems. National Research Council. 257.

12- Joner E.J., Leyval C., Colpaert J.V. 2006. Ectomycorrhizas impede phytoremediation of polycyclic aromatic
hydrocarbons (PAHs) both within and beyond the rhizosphere. Environmental Pollution 142: 34-38.

13- Rajapakse S., and Miller J. 1991. Methods for studying vesicular—arbuscular mycorrhizal root colonization and
related root physical properties. Methods Microbiology. 24: 301-316.

14- Riley M.A., Chavan M.A. 2007. Bacteriocins: Ecology and Evolution. Springer publisher. pp: 19-41.

15- Romero M.C., Cazau M.C., Giorgieri S., and Arambarri A.M. 1998. Phenanthrene degradation by microorganisms
isolated from a contaminated stream Environment Pollution. 101: 355-359.

16- Smith S.E., and Read D.J. 2008. Mycorhizal symbiosis. Third edietion. Elsevier publisher. pp:15-35.



Journal of Water and Soil ($329US @alioo g pske) S 9 O @y
Vol. 26, No.4, Sept.-Oct. 2012, p. 832-841 Agid AYT-AFY .o AFRY LT — s oF o louis Y9 il

Evaluation the Effect of Myccorhiza and Degrading Bacteria in Enhancing
Phytoremediation of Oil Compound in
Oil Contaminated Soil

V. Sarvi Moghanlo'*- M. Chorom’- M. Falah®- H. Motamedy*
Received: 22-1-2011
Accepted: 29-4-2012

Abstract

Due to widespread distribution, hydrocarbon toxicity and mutagencity, PAHs are listed as hazardous
pollutants, and remediation of soils contaminated with PAHs is a major challenge. The use of degrading
microorganisms and plants for bioremediation of PAHs-contaminated environments seems to be a viable
technology for restoration of polluted sites. The purpose of this research was investigation the effect of
mycorrhiza and degrading bacteria in increasing pytoremediation. For this purpose, the soil deliberately
contaminated with crude oil in 1 and 2 wt% rate and four treatments: plant multiflorum (T,), plant multiflorum
with mycorrhiza inoculation (T,), plant multiflorum with oil degrading bacteria inoculation (T;), plant
multiflorum with mycorrhiza and oil degrading bacteria inoculation (T4) were employed for bioremediation of
oil contaminated soil. The study results showed that with increasing the level of pollution, shoots and roots yield
was decreased. The percentage of AM colonization in mycorrhizal treatments did not significantly reduce the
yield. Most importantly, degradation of oil components was significantly enhanced by the addition of oil-
degrading microorganisms, compared to remediation of growing plants alone at both level of pollution. The
highest oil degradation (85%) was observed with AMF + oil degrading bacteria in soil with pollution level of
2%., GC results indicated that all normal paraftin and isoperopanoids i.e. Phytane and Pristane decreased from
40 to 80 percent in treatments with oil-degrading microorganisms.
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