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<K Y>=D XY,

i=1

&LASLJ‘)M@:\M‘

(6 sy Cgaiall 18l Cpuall Jeals S X X,y X a1 (pum eliad Ll S 1Y)

Al ey Nl iyl Y X
6.1 iy asi
(orthogonal) X X gwn X Y X
. <X, y>=0 Yy
X xeX , ABc X X

XxLA aeA xla A (orthogonal)
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ALB beB,acA 4p B

A
<X,y>=0 A Ac X X
X,yeA
Balali 3aalaia A X@sm\gﬂ\obaw@uﬁb@);&ch

L o ki e e S s i 5o cts 1y (OTTRONOMAN SET)

A xw@um@aﬂs}r&_wA ) GRS
(maximal orthonormal set) . ...« ..
il gl (Ladals saalaia Lgie 44 3

A=B p catnwn A ACBeoa X B aus o<1

B=X
H o oo comiide savats 0 H e tizndiesane A s enb ol H
(Hilbert Subspace) s ) < sl liad o A
8.1 iy as
H slail peids e 2 de pane A jonbelams H oo
1

A ={yeH <x,y>=0 Vxe A}

H A (Orthogonal Complement)
s eliad b saaleiall de sanall AhaSa 4y JLias Lo geaia 53 400 dia el
1.1 4da e

Ac BUAH e Gl s O gana B’Aj‘lueh =i H

AcAT g
BicA™
AJ_J_J_ — AJ_ (3)
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d(x,A)=inf{|x-a|:ae A}

H H o e el s s o il o 55 2l dasl
114

d(h, A)=|h-g) heH H cobimommnisis A
a,eA,acA <h-g,,a>=0

H et sl e Glie G ld A
L LS ol sy o5, A= H

At ={} H=A
A=H

J.A)gao eA h%Aniea-\

d(h,A)=]h-a
Al Aagill e g
Oxh-a, L A
G a4
A" =0}
1
e Lm sl 06 AT H s el e lia sl A
el Ghey e X ki dualadl el BYAT K gl e Lalast sl X i
beB,acA . a+b _uxi,e.s A+B
o0 4l 3 s (Direct sum) siball aeadl ooy A+B AB 2{0}
A®B

elaial) AlaSa g (3lia 5y sladl sl pan V) g8 Lo ola eliad B e 55 400 A judll

2.145 yia
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H=A® A sittmiin A et H

ool Bl Yy Jlall JMELLY) aadio alad) slisd (ol ey 4 jadl

X oo tda o2 diim desene A K Ol Ll Ciee galad sl X

sl e awi oy A siimeas i e X XEX

l,.eK , xeA V x:zn"lix
i=1

pAN(A) A e ik 15 K e b ie e Say
. X (span) A X = gpan(A)

Aok 408 53 6 S 13) (Linearly Independent)Gha ddii. A & J&

Mf&wwdﬂﬁﬁé;clgisn |i—OQ,S,4_|i€K,XiEA&P
(Linearly dependent).tdas

X eLliadl] 3 ga g Ldad Aliiue Ao gana S 13 X (Basis)imu Azx,y.;d\f,iduw

et Galad) flad cawy eladll Gli ualiall e Gl 2 o ssiad dpuld X
. (infinite Dimensional) 2=l e ¥ Galas) cliad awy ¢l e ¢ (Finite Dimensional)

. dim(X) X syl el 1 5z
B endl geme e 0S s « dim(X) = 0 Gls eond geme ws o X={0}
dim(X) =0
dgadl) @l figall 2
bl sl Ciymi Al b Lalasyl lelindll Lo i 5l ol sin ey Al 3 oo

1.2,y s
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GOSN Gha sl c Hocoia sbead ) H s el et e T

X,ye H TX+y)=T(X)+T(y) @
acK,xeH T(ax)=aT(x) (2
A 5 Aaaad e e o8 5 Hoade Gl Jol K i

tleie Copda slmd e Glaal) ol Jizal (al 54 20 a3,
0eH TO)=0 (1)

xeH T(-x)=-T(x) (2)

T(Xax)=2aT(x)  (3)

X, € X I, eK ne N

(Range) D(T)c X & D (T) T (Domain) @il e
Y sotmbobiimdiv nsRT) Y e R(T) T

Cila eliad e T@Lﬂ\u\jjd\ecf&im;
(4)
| : H > H asus0090 46 (1dentity operator) staal isal
XeH  TX=Xe,
©®)
O:H-—>H o Apall Al Jlé (Zero operator)
xeH Ox=0..,
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A Gyl 3 Ker (T) ol Ll o Al sl 8158 iy

2.2 iy psi

«* (Kernal Of Operator )

Ker(T) ={xe H, : Tx=0}

Ol B () S 4l ‘H2 Gda eload L) Hl Giala cliad unf-zbsfﬁsﬂTl
Slewsy 72 (Invertible)
L =TT =I

ada) iy H g o slomd Adall b ay H oalasy) sloaill (o 40 5n de g 5 80 51
PRUYY T )ﬁ}d\};\}i}g;)&d\ o%ﬂ\di&;hgﬁj uﬂbc..ay
1.2 4da s
ker ( H o Loty sl 0 H oalasy) sl g Lt T35 |
Hoousnaams T
(one - t0 - sl ey H ol sl ) H o alasy) cliaill o Galpeall T
X =X, oo TX =TX, one)
TX #TX, X # X,
(Inverse (Se jisa 4l T (one - to - one) T:-H—->H
5350 0505 H R( T ) sbaidll (e iT2a 54 5 Operator)

T*:R(T) - H

xeH | y=TxeR(T) Ty =x .

yeRT)  T(THy)D=y ..y T H(T(X)=x
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-1
L AEl L sl 8 e i (el s Bac 4l 2a g () T

3,245 e
H e eladll ) H Qjeh¢uﬂ‘d}“tﬂ-b51,):5‘T
ohaaii dian T IR(T) > H @
-1
dim(H ) =n T )
cdimR(T ) =dim(H ) =n
T " @
S Sa e
Sl

T RT)—>H 1)

T = yZ’Txlzyl Sy

ay, + by, =aTx, +bTx, =T (ax, + bx, )

T *(ay,+by,)=ax, +bx, =aT "y, +bT 'y,
T oy
dim(H)=n, THRM->H @

dimR(T) < n dim(H )=n <13 4l G ba 5

Of sins 138

dimR(T) < dim H =n - (1)
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T o il 53 e i i,
dim H < dimR(T) ~(2)
@. 1
dimR(T) = dim(H)
Y sdisls ol gastsasmse T 00 R(T) > H ®)
Sinall e eaie gl e g sin
-1

T0=0 T demtmamse I gicua
ker(T) ={xeX :Tx=0} ; ji, o,
T0=0 Tx =0

T ew
x =0 f,ig;ég;g\aT)(l=T0

_1 h . i B .
T 7 s il s i f Ll 5553 Y Jizall 8158
Jigall 3155 Gy pai e O G

N(T)=ker(T)={xe X :Tx=0}={0}

X, % eX  Tx =TX,

T(X—X%)=Tx-Tx,=0-0=0
X = zoié‘\g:_‘%gﬂ\ X =X, ZOQiq'u_J\'AA

1 ) c ) ) .
T s spakd pygaal Sise T of S lilas 13
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omSe iz als H, cota el ) H1 e ;Laoﬂuasmy-r OIS 13 4l ddaadle oSy
H,  cob elmi i tis mm{)(l,Xz,....,Xn}
Hy e o st o (TG, T06) o T(X))

Hy con awn g Hp o con s o0 o0 s v
T r(T)=H, dim(H,)=dim(H,)=n,<w®

QIS\'A‘\A_'J@.'A}.J_&S'J&:dmbebdﬁ%aéﬂmd}sngdim(Hl):°°

il e e i Ll 0 2aaad 950 s ok Hy = C7(R)
T
d
T(x)=—x(t
(x) " ( ).
teR, xeH,

R(T )=H,

x(t):jy(u)du

oy cumy XeH, =
dt
T(x)=dt£y(u)du=y(t)

Ker (T ) #0 oYy oSe jisea pud T

o JSLE e | H, cots el Ly ngﬂmmwgmgﬁuyT
.(Isomorphism)

Copla liad o U JSLS am s 13 HL o plaeliadll (Isomorphic) Jsti Hy coplaetoadt of 3y

Aol H, ledso,sﬁuu\m‘;,‘ H, cota slain Hl
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e el e bl e O Hoy e ettt ) Hy s el e b 1550 T o

H3 s sl ) H,

T:H, > H,
S:H, > H,

ok WS il el sa ST: Hl —> H3 (Composite operator) Sl sl b
bt s s (ST)X = S(TX)
Gl plab Jeda gasal) 4dadl) o) gl 3

Bounded linear operators on Hilbert space

058 Cuny Hp s sliab e 53 0ms de sane 330 3 el s aganall Jladll gl
H 2 ie Basns de sana gy 5
1.3 iyl

T Hzgﬁxwumgg Hlaﬁ;mwgﬁuy-r
Ol Can M 20 ida 2 lia oS 13 «(Bounded linear operator)

TOOl<Mi

2.3 iy pli

T s i ie . Hy ot sl 0 Hy et b o bt Ui [ e
(Operator Norm)

T(x
HTH=SU|OH ( )H
w0 X
T|=0
IT] le{o}
(Unit Ball) H, oo asanadl Glaall Jisdl ¢ d8de a5

H, oo b pa; H@@,&M\agﬂw\oﬁﬁm

1.3 4ia s
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K HZ‘L'JA“‘L“"”J‘HlQ)M;MuALL;T})AT

. H1 Gl c@éca}mgks)i}q-r (1)

H, s sl i (Unit Ball) T @

{Tx: Joes awa o Hp o XLy s { X }:zl c H, ®3)
CH, Tx

Sl

() A g (D) s
CHy o (UnitBallas s s e e H T gew

(3) s (2) o cas

X# 0w xeH,

. . . X
ol dus M > 0 @lia g5 (Unit Ball) —
X

T(X)<™m

Ui

Ob ki T Gus

[Tx| < M||x

T =%, )| < Mx, = x|
HTXn _TXOH <M Hxn - XOH

H, Tx, —>Tx H, X, — Xy ouls 13 ai iy 1

D sx (3) »a
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Gn XEH | 120 M>0 J0ail (=
X[>M -, [x]<1
S X €H, n M=12
[x—x/<1
M(x—=x)|=[Tx—-Txy|>1
e % €X o M=

1
ko] <

I T(x=%,)| = [Tx=Tx, | > 2°

N e O ) &y Hhall iy yaiass

[T [> 17, [x=x, sj%
1<j<nds
H, Tx (0} s s, { X, € Hy ma g
T <M

Cua M >0 dus o))

coda el ) Hy ot b s i Hy et o o Hy cte s g g1y
T  (unitBal) T H,
O agane Lha g | Hzaﬁu;mx‘;‘\ Hl qﬁ;mwgﬁuyT

zeagdl Hl Gala eliad (e 33 gans Cile gana () Hl Ciala eliad (e 3353l QL;N\JS@T
:&gu@ﬁéﬁ

_H1 Gl sliadll 830 50m0 i jn Ao sena A T
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T xeA |[x|sm

Ol Cuns M >0 ida s aa g4l a2
iy, Xe H

x| < [T} x| < [T]m=M

CH, coda bzl s pneie sene T (A) ol pin i

S e 5 i paall 5 a8 Ailie A pana el 138 81 53 (8 el s3ma oadd) 3l (IS 13 43f liadle (S
1.3 48 0

T sdl sl daie oy ol Sleasma b i T:Hl—)H2

Sl
Al AL T

ker (T) = {xeH, : Tx=0}

xe ker(T)

{x,} < ker(T)

Alliia Sl Qi‘;'uﬂ\l%

Xn — X ol Gus
s s« H, X {x Jadma o o T

H, TX {Tx, }
Xeker(T)&iLf.‘Hm TX:O n TXn:OL’jiga

S H L s slad o dilk de sens ker(T)

;L.ABL_A.I::\:ljaaj‘Q\}‘}A‘\LJ\JAS“‘u‘):_\‘\é)\.d\eMMﬂdﬁjuﬂj:\ﬁé‘jM\}aﬂ)\ﬁuy\u.uaéy\r_ J;_SJ
e
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X T H, com o o Hy co o petss 150 T
H X_XOH <d | Tx-Tx,| < e Hewms>ous €>0 H,
X H, T

A pem 5 M) Al 5 samall s )] (BB 23 58

2.3 yual)

T H, com e o Hy com s potis e T

H2 Gyala eladll ) Hl &yl ;L.aéw:jmghsij
X=0 e TX=0 T

H, <ol slai O H, ol slmd oo apse b s T
T:H,> H,

*

T s o, T (Hilbert — Adjoint operator) . .y s 4 sy &

O S
T :H, > H,
<TX,y>=<Xx,T y>
yeH, ,xeH;
Spaaall haall Jisall s ganay had s 55 3 5m 50 T
3.3 404

H, <ot szl ) Hy et sl g tpma it 15550 T

Gl el Je s dle gagana ol fige oo T T
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IT*] =7
4.3 438y

H, e clias (o 50 pmall dghasl) i figall sl o i S, T
1 ;

ack T,Sely(H,H,) H,eow
YeH, XeH,; . <Tyx>=<yTx> (1)
(T+S) =T +S (2)

aeK en(al)y =al”  (3)

T =T (4)
[=rl=mr o
T=0 TT=0 (6)

(S-r)* :T*S* Hl:HZ (7)

Lyl Tagana s Tasm 50 (0550 T
(T )" = (T7) oseas,
H, o sl e T ama Lt 15 T

e

{T 1 {T.
N In=1 200 culS g oo yla cliad e 30 sasal) ddadll <l el (e ddliie U Tn In=11 Q)

T B %Jﬁl&o}ﬁ"—\ﬁ{-r” bt A s 4dld ¢ T

H H

2 cola sl ) 1 ol et-'aéonﬁ;mf-,\ksb'ﬁy-r
T(B")cA* T(A)cB,BcH, AcH,

*

.L;“)T T Sizall (53 ga dalaill (g AR 22 3
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ker(T)=Ran(T)"  H oo espeia s T

s @00 a1 s (FHIDEIT @djOINtOPErator) . .y o0 e e
H oo ety i 1550 T sy g, (Sl —adjoint operator)
sod g 4 (Self—adjointoperator) oo o
(Hermitian operator)

T =T
it ) 13 ) L e 5 Y Vg o ol (8 e (8 e ) e Ll (IS 1)

T el e 818 el 5 s Lags o aals (IS5 Ll 0l jia 0 fine O T
S

<TX,X> o X€E H IS Sy e el e T agime Jlaa e Ll S 1Y
Lol Gl e 05 T G8 Lida

M)

2
H=R" o n.iw eipatiaiznT

T{—Ol ﬂ

X e R? <Tx,x>=0

*

T T e
T 2T

3sana i jige Lebled (8 a5 13) Cjala elimd e Gl 48 yidl 5 53 sanall Adadl) il jigall Al
Al A udll ) (s e Al a3 G35 B8 s

5.345 jua

0 [ee)
{Tn }I'l=l culs ‘J]} Q‘).ilé eliad ‘;9 L’\S\J Iﬁﬁ\‘)ld‘j EAJJMX\ M\ Q\)Jjaj\ %) ut\lq {Tn }n:1
CH O e @ @ e s pma s e T T
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Gonll sl s T H o code slamd o lgaas Gha 185 T
Tl T (Unitary operator)

Bl i «:“:'T B¢ ocoda clamd e Tagae Gha Ty |
T =TT (Normal opetator)

v Unitary) - (self — Adjoint operator) ., g 415, T

e 5 L o el (55 55l ot 1, « (NOTMBI OPRTALON) ¢y 5
;L;g\.n Sl

calaadl Higall @ | Cua T = 2” Al G yra s oyl elimd e lad T35 T

*
wewm T T 08 iy bl 35 o 8% 3555

T HB o cpla cL@échTA}mf_)LsUin

xen M=[T'Y
Copla Clpliad o aganall & Agdadll o figall 4

Unbounded Linear Operators in Hilbert Spaces
1.4 Gy yas

H  cod cots olmb o gia s D) e s 1. T2 D(T) > H

ot eum ¥ EDT) gy e sae M> 0 00 51 sy 52 bt Uiga s T

|7 (x)| > M

D eliad 8 53 sanall Cile sanall Jiiy dgaaall e caall Fgall of G Al 038 3l aa
(gl slimd B33 g3n0 y& Cle gana

cBiars H o Sl s eliab Jle Cojee 3 gina e Ghd Tjise |
yE D(T) y Xe D(T) <Tx,y> = <x,Ty>
DT =H g o gy as

1.4 4y
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(Tx,y) = (x.Ty) o Gises H oGS0l cols elad 08 e G Ut s T

Jasamna oSO T x’yEH

i lome T el 350 5 o055
vyeH (Toy)=(xy") ;5 =Ty

*

HTH:HT H S asiaa i i a9 H T
(Densely T OsSs of ong saganall e Apladl) i Sigall Alls 8 Ll 6 52 T 055 s
DT)=H H  Defined)
H D(T)  (orthogonal Complement) Dry=H

<a,b>:0 ae D(T) QLao;%;bg)mﬁiwé)g
<a,c >:<a,c >+<a,b>=<a,c +b>

C Jagilas gl aae un e

JasxaeDT) (ab)=0 DD =iy DI)=H
T OsS AUlls cas CO‘@H‘&J‘C +b=c b=0
H S5l i sl 3 S, 6 Us 50 £+ D(T) = H

wnYVEH oo T T DT> H 5 s,d o v
g Y €H

xeDT) (Txy)={xy) . =Ty

H ool cos
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DES+T)=DNDT) D o, o 5.S+T

Lo xeD(S+T)
(S+T)x =Sx+Tx
0 ¥€DST)  DEST)=DES)NT'D(T) g, s 3, ST
(ST)x =S(Tx)
Al jeaial) g5 aned oalad) cliad Jia ¥ 52 sanall e ddadll il Sigall de gana o AdaaDle (Says

H

*

T CS* SCT @
TcT™ H s D(T") @

oSl sl 38l sl (381l il (s S (555 SV 3Y Ta gy 250

2.4 4 s
f-ﬂﬁT H Aﬂ\aﬁ;mgaﬁu&&ﬂ%uyTZD(T)—)H
Tt =ay bisis T H eus RO
Gl el
sasDAH=RD 1t Ty ,
T W
- (T =Ty Vi Ol o Y

T7xeD(T) yyxeDT™) jquu.yeDT7) 4
(T7%,T"y)=(TT 'x,y) = (x,y)
T a5 el el gl i s oms
xeD(T™)  (T7xTy)=(x(T")T"y)
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T"yeD((T™))

Of O 13

T Ty=y , yeDT)
(T :R(T)—> D(T) y=0 Ty=0 S 13 4df Bt
leiess

(T ()
TxeR(T)=D(T") o yeD(T)) xeDT)
(Tx (T7) y) = (T 'Tx,y) = (x,)
058t Sl G pall Sisall iy el e
xeDT) (Tx,(T)y)=(xT"(T")y)
radlh dllly
T'(T)'y=y , yeD(T™))

Gosea ma s T
winysne TR - D(T)

D((T"))=R(T")

T <(T)*
2.4 iy y2i

MT H gﬂ\gﬂgmgm&uﬁ%uy:ﬁ:D(T)—)HOg
(O 13 Silaia Wt T i

xyeDT) (Tx,y)=(xTy)

i gS 1 1y S o Ho GO cols el 3 dai G T
TcT
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o T H  coul e ebind 3 885 Gy s 130 12 D) > H
T=T" S 131 Lol 3815 ki3
D(T) =H 055 Cam b3 ganall Agladll il el Al 8 LS Jilall 5 313D (38 53l
llaania (5% o1 5 g pally Gl (uSall 5 Silaia Gl 381 ja ad Sige IS 0S5 83 ganall e dphadll il fisal)
D(T) = D(T")
T : D(T) — L*[0,2n]
f—if , i=+-1
SEST [0,2n]

D(T)={f e I*[02x] ; f(0)=0=f2m) , f e I*[02n]}

fosSidua

T H o coom e cim s Goed gl g T
xeD(T) &%<Tx,x>
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Ol Als 8 Aad e jee Aaii laad (o EaY LaMiny [20] DFT Gub 4 correlated models
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(27 2+120.5°, % 21119.8°, A3 =*1
Al ‘AZ i

Weia s Jshay daito i ade Vs g (& Fe(OH)3
s e Jsasll @i, (R; = Ry = 1.786A, R, =1.788A, Ry = R = Ry = 0.969A)

* 2 . W, .-
=
(b)
g 8,08 1 ey o)

|

2003 Jlaw slall plasiuly Lidd (5)

ee (A3 A0S G815 e (5b)

ade Jiastia

. Muhida ;
19.7°, A*

145.0°,i‘15 =
S 5 L T (b) L143.2°, 4, = 143.1°)

(@
Fe(OHs =55 (@) 5)

GaussView 5.0 z=bl u alaa

Y Sl ) ) sae slas) JaY
U o s (Epg(on,) Fe(OH)s = 3400 Al Gluay odel 55 58301 2] e sendly DFT
(5a) Jeal A_,a daia sall gl g 2ie &l Al Ve Sy

el o

il 038 o8 (5 923 (3) ) sl Ol sall s AS Al 5 pa e A S (Egpimization) Optimization
.atomic unit (a.u.j " "

3¢l Optimization les 25 (e 223U AN 28 5, (B (o), ) Fe(OH); andl 41 8L 2(3)d g2

AU o8 gen Of Jaa 3 Al all 8 Leadiuadl) Ciluaall iy dhise s die S s (B imization) &)

Muhida xSl 48Ul &lls (4« J3 Optimization k]
Method Basis set S Optmization xR e
B3LYP LANL2DZ/STO-3G -347.8498 -347.8386
LANL2DZ/3-21G -349.7166 -349.7133
LANL2DZ/6-31G(d) -350.9300 -350.9205
LANL2DZ/6-31G(dp) -350.9473 -350.9393
LANL2DZ/6-31+G -350.9195 -350.9191
LANL2DZ/6-31+G(d) -350.9523 -350.9468
LANL2DZ/6-31+G(d p) -350.9701 -350.9656
LANL2DZ/6-311G -350.9756 -350.9751
LANL2DZ/6-311G(d,p) -351.0216 -351.0170
LANL2DZ/6-311++G(d,p) -351.0373 -351.0343
LANL2DZ/cc-pVDZ -350.9601 -350.9535
LANL2DZ/cc-pVTZ -351.0562 -351.0504
B3PWOL LANL2DZ/STO-3G ~347.8137 ~347.8020
LANL2DZ/3-21G -349.6618 -349.6584
LANL2DZ/6-31G(d) -350.8704 -350.8606
LANL2DZ/6-31G(d,p) -350.8879 -350.8795
LANL2DZ/6-31+G -350.8550 -350.8548
LANL2DZ/6-31+G(d) -350.8893 -350.8832
LANL2DZ/6-31+G(d,p) -350.9073 -350.9022
LANL2DZ/6-311G -350.9107 -350.9104
LANL2DZ/6-311G(d,p) -350.9578 -350.9530
LANL2DZ/6-311++G(d,p) -350.9714 -350.9682
LANL2DZ/cc-pVDZ -350.9010 -350.8942
LANL2DZ/cc-pVTZ -350.9924 -350.9858
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il (-352.19682 a.u.) Liad 4l cllay oLkl & § = 10" 430 Al il (6) ¢ &
0 =50"430 u  (E= -352.19691au., Z = 3.7A) @ = 30" Ll xes 7 = 4.0A Lo senl
(E= -352.19802 a.u., J48=90" =70 4, xe Wi (E= -352.19730 au.,Z = 3.1A)

sl By - l (E= -35210836au, Z=27 A) Z=28 A)
oy 0 uskadl) &) 30 <ol 3 WS 5l B3LYP/LANL2DZ(Fe)/6-311G(d,p)(OH)
Eppyin 55300 3081 &8l Sl (5 550 (4) : Fe'® waall sl o ST Gan s oaed) es0n

(6 =10°,30°,50°,70°,90°) 4kl L3 vie Zaal) (o Zgall lli) 280 5all 7, - Liall £33 gl Zilisall 5
Ll de senally ABohll il Jaadl mhadl e gasendl Ge ansoned) s Lsse o die S
Ll g gl 30 ol 3 LS s Ll a3l 20k 3550 5 S ie 40 gand) Adlisal) 5 28U 28 e luall 8 danas
Clall sgime aladiulyy Ayl il 7 Gdsendl Aledll ded o Al de geaddl il L
(8 =107,30") sl 3 xie Ll el e Jeants o B3PWOL/CC-pVTZ

ala Hy/Fe(0OH)3(001) adall &l cilysie Ly mag (7)
Can e souell s S 5N G rall Ll de send) phaziuls 5 B3LYP/LANL2DZ/STO-3G
e A A0 =90 ue Bl iad ,SI5 g = 107 Auadll 4yl 3l ve d8da JB el Sl o Ll
Ll e ganad) o ) Gl U S5 LS Ganll a5 Gaulul) Cle ganal) 8l il ol g ded 5l
Correlated Models Ll 5k ae aladiull dudie ey Qadiu¥) Jigl &8 STO-3G
.[20] DFT

masaady Fe(OH) 5 pasdh o Gom g el s snd eV 48 Calad
Eads—Hz}Fe(OH)g(Ool) = EHZ/Fe(oH')g(oon = EFe(OH)3(03‘1) = EH2

«H2 /FQ(OH)z(OOD ﬁw Al a5 ) ReY! dil EH;}F&(OH)S (001) -:EadsFHZfFe(OHh(OOl) <

Ey, e Fadl i souel) ssin 25n5 0% Fe(OH)3 ghadl 400 88D Epy 01, 001) sV 5 &'

O Uaada o Bl 03 o 5520 (5) =" .(Gas Phase) il cun el g ad LU A8

Slo el sl olsall mad Ala b s s, /Fe(0H)5(001) Aaill & gl 400 Zalal)
2.6A 3.1 A 0w o) 55 phadls e 5ad) ALS S e G Z B penl) Ailsdll s 0 = 90°

Ll 53l (Bl e (ST (agpaall aldaill ) sial il Liad (5 5a; 4dld (6) 4 Loiad

&5 Gas 31 eY) s i LIS 41 311 A ol 5 LS 4l Baadls S (0 = 107,307,507, 707,90°) Akl

lwied  chemisorption SueSll  15eYls  physisorption sl ley) i
a Jsaadl & 3l 48l 8 4 e [4] 16V(0.03675 a.)  30meV(0.0011 a.u)
Fe{o”)B \’_LL"“J\ LA‘: L”L‘Js‘a iy L.J:‘?}‘)A:}GJ\ :—LSJA u\ i ) ,(‘:‘ﬂ‘ 1YY o (4)
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2o el Bl e de AL () Dased (G R ()
oo s llah egln s e di G (5'=10°,30°, 557507, 90%) aukdll Ll 5142 ol (:‘j‘,,??a,‘;)1)

Az D400 0 edT L LU DOMAINT /INCT D21 VVNDINECT

A)
Podr and!®  gagis set B3LY B3PWO1 B3LY B3PWO1
a(deg) P [3)
107 LANL2DZ/STO-3G 349.00591 348.96854 3.3 3.4
LANL2DZ/3-21G -350.88563 -350.82972 3.2 3.3
LANL 2DZ/6-31G(d) -352.09639 -352.03519 3.7 a1
LANL 2DZ/6-31G(d.p) -352.11812 -352.05710 3.8 42
LANL2DZ/6-31+G -352.09470 -352.02943 5.3 5.8
LANL 2DZ/6-31+G(d) -352.12239 -352.05788 5.3 5.8
LANL 2DZ/6-31+G(d.p) -352.14426 -352.07987 55 5.9
LANL2DZ/6-311G -352.15207 -352.08619 3.9 a3
LANL2DZ/6-311G(d,p) -352.19682 -352.13175 4.0 4.4
LANL2DZ/6-311++G(d,p)  -352.21396 -352.14680 6.4 6.4
LANL2DZ/cc-pvDZ -352.12727 -352.06796 3.6 4.0
LANL2DZ/cc-pVTZ -352.23054 - 45 -
30° LANL2DZ/STO-3G ~349.00580 ~348.06845 3.3 3.3
LANL2DZ/3-21G -350.88577 -350.82982 3.1 3.2
LANL2DZ/6-31G(d) -352.09648 -352.03523 35 4.0
LANL2DZ/6-31G(d.p) -352.11823 -352.05714 35 4.0
LANL2DZ/6-31+G -352.09476 -352.02944 3.7 5.8
LANL2DZ/6-31+G(d) -352.12243 -352.05789 3.8 5.7
LANL 2DZ/6-31+G(d.p) -352.14428 -352.07989 5.3 5.7
LANL2DZ/6-311G -352.15215 -352.08621 3.7 a2
LANL 2DZ/6-311G(d.p) -352.19691 -352.13177 3.7 a2
LANL2DZ/6-311++G(d.p)  -352.21398 -352.14680 3.8 6.4
LANL2DZ/cc-pvDZ -352.12746 -352.06804 3.4 3.7
LANL2DZ/cc-pVTZ -352.23059 - 3.9 -
50° LANL2DZ/STO-3G ~349.00563 ~348.96830 3.2 3.3
LANL2DZ/3-21G -350.88616 -350.83015 2.9 3.0
LANL2DZ/6-31G(d) -352.09673 -352.03534 3.2 35
LANL2DZ/6-31G(d.p) -352.11854 -352.05729 3.2 3.4
LANL2DZ/6-31+G -352.09497 -352.02946 32 5.4
LANL2DZ/6-31+G(d) -352.12263 -352.05791 3.2 5.4
LANL2DZ/6-31+G(d.p) -352.14452 -352.07991 3.2 5.5
LANL2DZ/6-311G -352.15243 -352.08631 32 3.6
LANL2DZ/6-311G(d.p) -352.19730 -352.13193 3.1 3.4
LANL2DZ/6-311++G(d.p)  -352.21421 -352.14680 3.2 6.4
LANL 2DZ/cc-pvDZ -352.12812 -352.06843 2.9 3.0
LANL2DZ/cc-pVTZ -352.23002 -352.16488 3.1 41
700 LANL2DZ/STO-3G ~349.00548 348.96817 3.2 3.2
LANL2DZ/3-21G -350.88676 -350.83071 2.7 2.8
LANL2DZ/6-31G(d) -352.09714 -352.03563 2.9 3.0
LANL 2DZ/6-31G(d.p) -352.11011 -352.05773 2.8 2.9
LANL2DZ/6-31+G -352.09535 -352.02953 2.9 3.0
LANL 2DZ/6-31+G(d) -352.12300 -352.05795 2.9 3.1
LANL2DZ/6-31+G(d.p) -352.14506 -352.08012 2.8 2.9
LANL2DZ/6-311G -352.15289 -352.08663 2.9 3.0
LANL2DZ/6-311G(d,p) -352.19802 -352.13254 2.8 2.8
LANL2DZ/6-311++G(d,p)  -352.21489 -352.14734 2.7 2.7
LANL 2DZ/cc-pvVDZ -352.12915 -352.06935 2.7 2.7
LANL2DZ/cc-pVTZ -352.23163 -352.16547 2.7 2.7
50" LANL2DZ/STO-3G ~349.00543 348.96813 3.1 3.1
LANL2DZ/3-21G -350.88701 -350.83097 27 27
LANL2DZ/6-31G(d) -352.09733 -352.03580 2.8 2.9
LANL2DZ/6-31G(d.p) -352.11939 -352.05799 2.7 2.8
LANL2DZ/6-31+G -352.09556 -352.02970 2.8 2.9
LANL2DZ/6-31+G(d) -352.12320 -352.05811 2.8 2.9
LANL 2DZ/6-31+G(d.p) -352.14537 -352.08040 2.7 2.7
LANL2DZ/6-311G -352.15309 -352.08682 2.8 2.9
LANL 2DZ/6-311G(d.p) -352.19836 -352.13287 27 27
LANL2DZ/6-311++G(d,p)  -352.21528 -352.14774 2.6 2.6
LANL 2DZ/cc-pVDZ -352.12959 -352.06975 2.6 2.6
LANL2DZ/cc-pVTZ -352.23199 -352.16585 2.6 2.6
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e s nel) ecs a1 iel Al s L) A8 el Ao geed) Bl By rocomy c001y) Al Liall 24K 38U (5)d

) Qlﬂ‘}:\ul.&&n‘_‘.}e = 90q :KT.\:\]asJV 47}}‘)“ dic ,FE(OH):; C_Y‘

Method Basis Set = - i Adsorption

&=t ey, Energy(a.u.)
B3LYP LANL2DZ/STO-3G -349.00543 3.1 -0.00126
LANL2DZ/3-21G -350.88701 2.7 -0.00310
LANL2DZ/6-31G(d) -352.09733 2.8 -0.00131
LANL2DZ/6-31G(d,p) -352.11939 2.7 -0.00160
LANL2DZ/6-31+G -352.09556 2.8 -0.00100
LANL2DZ/6-31+G(d) -352.12320 2.8 -0.00094
LANL2DZ/6-31+G(d,p) -352.14537 2.7 -0.00123
LANL2DZ/6-311G -352.15309 2.8 -0.00134
LANL2DZ/6-311G(d,p) -352.19836 2.7 -0.00181
LANL2DZ/6-311++G(d,p) -352.21528 2.6 -0.00137
LANL2DZ/cc-pvVDZ -352.12959 2.6 -0.00247
LANL2DZ/cc-pVTZ -352.23199 2.6 -0.00157
B3PW91 LANL2DZ/STO-3G -348.96813 3.1 -0.00082
LANL2DZ/3-21G -350.83097 2.7 -0.00239
LANL2DZ/6-31G(d) -352.03580 2.9 -0.00069
LANL2DZ/6-31G(d,p) -352.05799 2.8 -0.00101
LANL2DZ/6-31+G -352.02970 2.9 -0.00037
LANL2DZ/6-31+G(d) -352.05811 2.9 -0.00033
LANL2DZ/6-31+G(d,p) -352.08040 2.7 -0.00065
LANL2DZ/6-311G -352.08682 2.9 -0.00078
LANL2DZ/6-311G(d,p) -352.13287 2.7 -0.00133
LANL2DZ/6-311++G(d,p) -352.14774 2.6 -0.00098
ILANL2DZ/cc-pVDZ -352.06975 2.6 -0.00164
_ LANL2DZ/cc-pVTZ -352.16585 26 -0.00113

o &) A al) 33 senll Gl

J(En, jre(om)co01)) Al Loall IS0 28kl :(6)

Glall lgine aal ey (6 =10%,30%,50°,70°,907) 4wkl Ul vie Fe(OH); phall Jlo cpnsuell

.B3LYP/LANL2DZ(Fe)/6-311G(d,p)(OH)
T PaLA Adsorption

pp =

a(df-_g) ;;L,,,(A) ;’H’Z-Fn-lvoﬂ)i energy(a'u.)
10 4.0 -352.19682 -0.00027
30 3.7 -352.19691 -0.00036
50 3.1 -352.19730 -0.00075
70 2.8 -352.19802 -0.00147
90 2.7 -352.19836 -0.00181

i) de geaall uii; B3PWOL/DFT, B3LYP/DFT

b eie i BBLYP i phl) 2lasiuly 4 gl Bl of Laads Cua L ANL2DZ(Fe)/cc-pVDZ(OH)
O NS iy GaussView 5.0 gelin pladiuly ile
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.LANL2DZ(Fe)/cc-pVDZ(OH)
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Al pan daala / o glad) 408 / il and (3)
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&) el i W56 I3 Ll L o Balcaall il pladll o Jas gl | il L (31 350 Lge s Asdiie 5f A
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INTRODUCTION
\.@.r_\j.:i qu;.u clalall a_ufn sl aaf u,, Sclerotinia \_HJMM\ u.uaj Gl _,\_.)L.ﬂ\ dmh
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A dagis Sl el Ly [1] Caloel 0 W s sl glis Dsds Gl ey < geaY)
[91%100  ° 20

o) Aadall ML ¢ gus 4y gaaldl (3 hall g AilaSl) (3 ydal) L@.'\.A Gub s S solerotiorum Lkl 13 a6

\.PBJ E}m‘u‘#@eﬁwyjﬂ\u‘)\ﬂ\ %umﬁ/@;&\u;@\&cu\aﬂ\uwb

il ydall S ALyl ey sk g5 30 e I Aligh (S sclerotiorum b destial Alle 5ol
[32] Sclerotinia spp. bdl & sall 4 gliall & 550 lg AN dal) dg@al) el

Aim of study Al cis

Lg A 5 Alxina B )l o il pa @l 5 Aglle L 4o s )l A 5 Adalial) ) (4 Aipde il
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gl jlall 51 Qi A glae s coaliall ol o s i e Leatl (o Jaly dadaially Ly 5 Sl Gial yals
038 ) jal a3 3 (g SIS Judll 5 lila uallS (gl e (g Ll 5 Al B (e Ailaanll Cilagaal) aladind e

103



3
m,b 4 jhdl) 4 gaal) AadlSal) Jal go (amy (o Angd) JAatl) cilll 104
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MATERIALS AND METHODS

, (PDA) Potato dextrose agar :
.LAB M,U.K

Ay ladl) & alf

Sclerotinia sclrotiorum A :
LIS Agaal cba Jalzad Hhaidll (o g 5,

Fungal antagonists used in this study 4w/l o3 & dariicall 3aliaal) ciy il
;25 Trichoderma s das & yhi o) il 45 dul )all 038 & aaaiu): Trichoderma spp.
T. harZanum, T. pseudokoningii, T. longibarachiatum, T. viride, T. hamatum, T.
:\:u)ﬂ\)wa.}‘)%..«;.}.b}:\ui Z\Mt;l@\:d\ Q\.J‘)Lsn ‘)S‘)Awklly)d‘ 0da ,konlngll
U. s Ulocadium gsiad gl aaly g o5 dulpall a2 8 axdin) s 1 Ulocadium spp.

L seens el )0 Gigall 58 el dagill 4, €Yl il Gial jal Eisay dase (e 4de Jsasll &5 atrum
An gl jeas

Damping-off Disease
(Cucumis sativus) _ball S sclerotiorum Al all sda (& aadi
A0 2l syaa (Cucurbita pepo) Api il Petoseed Celdll
A Al Tizzer

S. sclerotiorum (i seall skl dual ya) jlad) &34 adll o2a (8

ks 3N A peall Cag h Lol ya¥) il Sl Lall alid) @il b (g
Lugl e hill dwiy Al jumas (Aine Ale ) Ayl 9
020 250 PD Broth

Al il Gl o LS oLl by A aaslS/ 3

Dkl e S8 Se U 50 8 %3 S5 asmdsall o)) S sng Ladau Adiadll )50l
(il # & e 4R) 4 43l el b aaiiud Cua Sl
Cugys 020 (L3 5 dlalaall ) da U g LAY (e JST aal
oLl da i i s el A ol L Cls o3 s (Y e a5 14
Pre-emergence damping-off L sel J& (Damping-off disease )
Post-emergence damping-off il mlaw Je la ) 4eka

Biological Experiments 43 s:al) Asdlsall qjlas

Activity of Biological Control S. sclerotiorum kil 4; sal) dadlsal) 4,0
Agents S. Sclerotiorum in Dual Culture
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T. T. harZanum, T. pseudokoningii, s Lpsl RSl Jase pan Allad @il

S T. longibarachiata, viride, T. hamatum, T. koningii, U. atrum,
e a7 Swu)«cC;Uuyﬂ\uh@\fmel«10»~ua\ﬁ\uh\um .sclerotiorum
PDA 9 la ki 5y (3l (8 e 5 chalimall iy kil

IS bl iy A Qe el 8y Gadall Caila (8 G seall had (1 Cusy
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[28] bl sl L2 Gl ) e a5 SRS 10 20°
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% - [ uj x 100
A
-B 2Ll Alla 85 jeniiaal) jlad daigia - A

Hyphal Interaction Study gutall (s AN sgaally (A gal) sganall aladinly Aagdl Ja1al) dul jo
Using Light Microscope and Scanning Electron Microscope

T, ) b bobill (e gl 28l Jalge (mn alexiod 53 &Ll & jaad & jadl o2y sal
lehay Al 48y kll s ¢ S sclerotiorum (T. harzianum  koningii
. [20-8]

G lediad a2 %70 S0 LY Jsaslly daizal)
e Sy skl 555 e ol (e 488 ) Ak 0 5Sl JSadlWater Agar Slell JlaY) (B e b 5
O shall (55 Lgle 5 0l Hll 028 Conum s ((Aaine Aplara Cagyla (8 ) Coad (Jin ARdal) o2 OS5 Aadna il 5
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Statistical Analysis (Sleay! Jadadll

Jlaninly & ginall 5 il Caaa s (ANOVA 0one way) cxbill Jlas aladids bibeas) clilall Jilas
L.S.D s sina (38 J8l 45y yla

RESULTS

Damping-off Disease

lede Jsaall S sclerotiorum i Ay yaill o2a
Damping- disease (-l u\JJLd\ L giu (i pan A oSl sl il o < Ol palll o g8 (ya ya Claa) <
C.Lu Gsd W yeeha Jd (saliall ol bt (e pa liaddl <l ol ‘_g A el Al Olas & Cua «off
Post- (PTD) 4l mhaw 358 o) geda any Pre-emergence damping-off (PRD)
Total of infection (TIP) dbadl &l ol K & senall Clua &4 ies emergence Damping-off
(2) 1) (1) Jsaall 8 i) cacm je lan) Jilaill ¢ by
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Ol Ciia LAl @l ol e poaliall @l ol Ja g (i el sl S, sclerotiorum skl 4ual (1)

3L Cala

(PS1) Adbaall e 3l 4y giall dpuaill
Sl

TIP | PTD | PRD TIP PTD PRD
38.08 40.62 | 125 | 28.12 | 65.62 18.75 | 46.87

*k%k *kk *kk *k*k *k*k *k*k *kk S' $| erOtI orum
0.00 0.00 | 0.00 0.00 0.00 0.00 0.00 KT YA
518 | 3.89 3.55 6.32 4.15 4.49 L.S.D

Biocontrol experiments &gl dadl<al) qjlas
S. sclerotiorum _hdl 43 gaalf 5 jhaad) g Aadlsal) dyllad

T. harzianum, T. ) Gss 3adlSe ol g€ clyhill s Laiall il 46 e 45 il oda Cings
(' Ulocladium atrum, T . longibarachiata, .hamatum, T. koningii, T. viride, pseudokoningii,

I a8 Hlall s Jaxd) g«ulé i Ui g 5l S. sclerotiorum
A jida gl e (B b Gkl B & gpall 488K dale 5 a peall Shadll Gis Al Bk g ol gall B dia

W8S dalse qan O (2) Jsaall (e ey, geaal 5 IS5 sl (ia jaall shadll (g sl gaill Japdi 4 5al)
% 50.36 u» ¢ 515 i S, sclerotiorum hdll (5 paddl saill b e 3506 il 5,080 4, sl
T. hamatum _hdll OIS dus 24l 45 lae 4 gixall lle. D3lalaal) paea & (554l iS5 <% 61.11
% 61.11 % 60.37 T. koningii 4l sl (i el jhill Usii W i€
Ll 45 8alls % 59,66 danill Jase iy G 22A A5 yal) & T, pseudokoningii kil b caalaly
,9% 58.11 Ll Jaew gy Cus T, longibarachiata.  T. viride , T. harzianum b
Jare iy Cun Unais il yladll J81 UL atrum Dhdl) oS5 caalall 45 jlie gl e 95 54,02 % 57.07
sle 30 Ll 5 sl 4y gl Al ol se paen Of i YA aen 8 2aLalL &5 ,lially 9 50,36 dayil)
ol (a yadd) Hhaill (5 padll saill Layis

.S sclerotiorum A _pdadl) Al Jal s (gl L 1(2)
(%) ] -

Agall Al Jalge

Gl ?‘9;\.“ e\ggﬂ Js¥ 33_45\
***51.94 | ***61.11 ***57.34 | ***37.45 T. hamatum
***26.14 | ***60.37 ***51.81 | ***26.25 T. koningii
***45.73 | ***59.66 **X52.57 | ***24.97 T. pseudokoningii
***46.42 | ***58.11 ***53.33 | ***27.82 T. harzanum
***45.91 | ***57.07 ***54.44 | ***26.24 T. viride
***41.89 | ***54.07 ***52.57 | ***19.04 T. longbrachiatum
***36.39 | ***50.36 ***47.33 | ***11.48 U. atrum
0.00 0.00 0.00 0.00 Al
0.338 0.434 0.869 L.S.D

56.87 53.13 24.75




AIZ{ 4 hil) 4 gaal) dadlsall Jal oo Gl G Augd) Jalatl) il 108

S sclerotiorum A yhal) 481Kl Jal g Giand ol il (3)
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S Caeall Shill (g padll pall gl daglie gUaind T, koningii  ké o =l (4)
Leie SN (3l 32ay SClErotiorum
Gl aa (g )l sie JS& gati o3 ¢S sClerotiorum hdll i ol gati T, koningii il <las
(A C 4 (Short Branch) 4adiie i dxie s ual Cle i (S35 (A - 4)
(Hook-Like Structure) <daall 4pis ciluS 55 ladll o 6K Lilh | pilaall (31 321 i Leilledd FLaml Cuasy g
T. koningii shill lis Lad (A -4) S5 il Jhill clis o 4iad Sad
(C -4) J&isaalyddaii (& Haball G Y Sasy a3 (C, D 4) JSa (a seall il Wyl oo sl
SlailV) eliael 4pii Sl 35 055 a3 (5 ) i T. koningii kil W «(C - 4)
(A-4) ilaa 1 pdle WAl ey (335 (Appressoria-Like Structure)
Infection ) dbay) ailu s 4uis ) 5 0p S5 Al v S sclerotiorum WS aales T, koningii
FOOt ) pall 4nii sl 5 (s AT sl Hladl) el 381 580 5 (C - 4) (cushion-like Structure
(B C -4 (like structure

T. harzianum

S. sclerotiorumykdll clim «e T, harzianum hdll cilia aeds shlial (5 jeaall pasill B4 e

5 panivn Bl jay Allia gali Cus (i peall hadll Cld daalgal Tadaie sk @by T, harzianum
WA Slsiase Je g3l ( Hustoria) ledbass du i o JalS JSGs el ladll cilaa (Colonization)
s (383 o5 (s peal) Hladll i g (gl ste JS 5aB 5 AT 555 (A, D - 5)
& oaaal) Hhill i (3 st Al 5l Aade 5 jpal e JE 0585 5 ¢ (B -5)
Leale (g2 g Baal 5 L LeilS s (2 paall Hhadll cilingd JalS (uadli s (8 50t L3l ) (B - 5)
.(C -5) JS& (ayaall phadll LIS jaa dlas (8 e 31 W Sl daddinns
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i lexivd e 5,30 Al T, harzianum bl of <l malal s S pgaall pladinly (asdl) xie

Ald g Ll sisa e Leaaséi 5 (Cell Wall Degradation ) 4asiall b jas Jalaty o gy g S IS5 (i jeall )
Pincer-Like ) <3Sl 4xd S 058 Al sl A5 (A, B, C- 6) S8 4l oIS Lealiaialy
Glsine Glo (i 5 4slall aall Jlagl adley 3 588 &5 (i jeall Shill cilia e adiad oSs (structure
Foot-Like ) all 4sis ) 55 oSy 5al Kl T, harzianumobdll clly LS (B - 6) JSa LAY ¢l
Gl g LAY Has Jaladl e y3Y) adalis aladiind (i Tay o3 (ajedd) Shail) i e asds cudid(structure
(b 4x)235.Y (Fine Short Bronche) cuie (ul ) @il3s jpad cle Jii 5844 (C -6) S8 g dine

(D-6)

(GS) 1t fipall jeaall alaiiuly T (ONIRGII s 5. STIRFOTIOMIM ab Jhigy i eyt 0o
b_mal cile i 0S5 (SB) S, sclerotiorum ki il o Jall =T N eila I Thesinit L Qi gy e kit
(PTB) cibal) Sl 4ui Sl i 0585 (ICLS) «3uail¥) sume 4sd Sl i o585 (ALS) o 4 due
i) 4us a8l 55 0 oS3 (HLS) el 4l () 53 (S5 (FLS)

(C) s Ssall yeadll alasiuly T, harzianum S. sclerotiorum_ké il (e Al Jalxdll (5)
(GS ) iaiie 5f duies yual cile i 585 ( SB) S sclerotiorum _ké i) T. harzianum s Slis e
.S. scleratiorum. kb Slig! (s ) mlald ALIS S JS0 T, harzianum, s Wi,
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1 WEES B, . s . i _':-.' o,

s bl g S eaall aladiuls T, harzianum S. sclerotiorum _ké <l om Saedl Jaladll (6)
il sina e Lgaaiig A 5lall b jaa Qa5 S sclerotiorum kst WA T, harzianum ské i jlsiu) (CWDE)
Asiiia 5l Lk b jpal Gl il (S5 (SB) ¢Baily) suime 4l Sl i ()5S (ALS) e ASH aald i3 5 55 (PLLS)

DISCLISSION
S ; 3 e Jeasid) il (g
Caiba e LD ALE JS) sl HLall Catia IS5 o paidall HLall 5 A Sl dia sclerotiorum

AX\&jhww&iiﬁ\slﬁjﬂ\C.k.uépQ\Jau\)}@kdﬁ@ﬂ\&}h@duiwch}ﬂ\
[25-21-15-7-2 ] lele Jaaniiall &lli (o il oda (3455 (pp pidall (sl 4y il elass e la ) 5eda

Biocontrol Experiments 4 s:al) Asdl<all o jlas

il Al jall oda il i S. sclerotiorum bl 43 gall 5 asd) g Aadlsal) Audlad
harzianum, T..T) dss Aadlle JalgaS Glhill (aad Aol 3,08 e cagdsll 5 LINA
(U. atrum, T. longibarachiatum, T. hamatum, T. koningii, T. viride pseudokoningii,

S. sclerotiorum _bdll (il saill Jans e 3 508l Ll (IS 3 a8l &y gall Ax8l<al) Jal gall asen o)

T. T. koningii _kdll 44 T. hamatum 2 G yaall phaill layds 5l b ST (IS5 G yid
T. longibarachiatum kil 4 &5 T, viride  T. harzianum b 4 s 3 pseudokoningii
2l aind j0 8 [18] e S aa ) G5 Aul ) o3 B Lele Jeaniiall il U. atrum _kal T alis

S hil eladll saill Lyl U, atrum Trichoderma Jké ge <Y e Al
bl lapd 3 el 3. < Trichoderma spp. shll 4slaill & jall o)) sl Cus Glers sclerotiorum
.U. atrum

LSl ol ge Gand Apaliatll 5,08l agind po 8 Cpfinlll (e aed) aa Lol A jall o3 il (345 LeS
[4] S. sclerotiorum / T. harzianum dic Llaee 4aiajeall Glladll amey Jani & 4 gall
T. T. harianum, T. hamatum, T. viride [6] S sclerotiorum / Trichoderma (TRS)
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T. T. harzianum, [5] Sclertiorum rolfsii / T. polysporum, T. koningii, pseudokoningii,
S /T.vivens, T. pseudokoningii, T. viride, T. harzianum ( S sclerotiorum [19] / viride,
iy phaill Akl 5 il 5 galail) LA a3 LIV (e aaell s B [34] S minor, sclerotiorum
Gl las gl e sl saill () Trichoderma ouisd dsill olli Lala 5 4 pin dnilSa Jal 28 daddivudll
() lgbal & Akhtar, 1987 (i seall shaill sail 2 gy ol Sl Jadi e sl i€ Jilall olaily
Heptelidic Viridio Gliovivin, Gliotoxin, Sesquiterpin J_& <X «Viridin [33] caumdl) Jia 4dla
S Anay S gAY bl ol sl e )8 (z) <Valinotricin ,[31] Gliocladic acid, acid,
[ 36-29- 17 Jba saal) o 33l sai i 5 a5 (A5 iy 55W1 )80

S. sclerotiorum (FBA) &gl dadisall Jalge (gl JA1a1)

T. , T. koningii ) 4 kil &ysall 28 Jalge o IS G abaill i Al jall oda & yelal
330 5 _paall pandll #iE Gels Cua S stlerotiorum g eell il 5 Llaxs deasivdl y (harzianum
[27-19-3J8 55 e Ofialdll G el U8 (e 45 sall g da il V) 5 e liill
Ca s (Kay Logae 5 8 paidadl 4y yhadll 4y gal) 48K el se Jd e (Colonization) o el phadll cili!
138 5 (U yeal) Jhadll) Jilall olasly Biocontrol Agent sl 2adlSall Jale gaiy fas Ll e sl 431
Lyl ) pl) o2 il iy [20] by 333U o 31 S Gpaliail (gom yaall yladl) <0 glaal Alaiual 43) Siiny o L)
oSl (0585 Lge Adlide a3 (G oS35 alion Sleniaa) Bk e Jilally a5 4 suall 88Kl ol se i O
Glail¥) elaci 4t 4l (Hook-Like Structure) (Foot-Like Structure) 4
AadlSall dale claw ga3 385 o Attachment Yo el Jhadll Lo cluadl (Appresoria-Like Structure)
Lo po bl o2 4l g L Ay B Adlise o ol Ll Lo diiaile (i paad) Hhadll clig s (530 5l & saall
i) A<l Jalge o Lo gl Jalaill g 5 sie Sl ) (o 33ad) 8 L e dpaall diea
R / T. haranum : Pathogens dus el Cluwddl (a5 Fungal Biocontrol Agents 4 kil
S. sclerotiorum [10] Trichoderma Spp <clertiorum rolfsii / [12] Trichoderma Spp. ) solani
.[13-3-2] F. solani, R. solani) / Giliochladium roseum [14] R. solani / T. viride

O Trichoderma gsiall A il 4y sl 2a8lSd) Jalge G LS,V [22] ) 381 (s A) A (e
Alses gl sV o LIS jaa Carbohydrates <lam s Sl oo sl Aai Cuany ciliill dca yaal) il yhadl)
& I (Attachment) g el Lhill Lo 4 gpal) ZadilSall Jale (i o any A jeal) il yhadll e diee
G Buatll slact (& Short infection hyphae 5 _sad g 8 05 oIS Gl sl () 5 0
Jalse Lgardins (g ,al ) 5 dllia [30-26- 24] e IS oS3 Le e 31 135 Tyl B ia) Lihau) o
(Nod-Like Structure) saixll 4uii a5 Lghy SIS Jilal) i o Lelilas oL 4y il 4y gl ZadlSall
Byl slacl Law ([14-2 ] oo <83 o3y (Pincer-Like Structure) JS&ll DS s 5
[27-14] Appreassoria and Haustoria-like Structure
of S5 Lede Joaniall eadall s SV el aladindy a5 G e dud all 038 8 gl Jalaill (ans
Lo lusadl 520250 (uS) 55 il g alis & pamiaal 5 Jilall slaily i 38 T, koningii  harzianum. T kil
g8 i ey Jiladl Dhadll 2yl jaadl sl e 31 W Slea creadin) Ll LS A3k e S L8 a0 3
[16-2] 4) deasila 13 5 Lgple (523 5 el sine

S sclerotiorum  eall hdll g L A83al) agd 8 aclud a8 Al jall oda &G o)
aiCd A Ay )k Jgeasll Saalail) Jlaadl 3 Lie 5] Al glae 3 atla 38 2 a1 5 piad) 4 geal)
el hadll 13y la) e daalill ) yaY)
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Aspergillus niger ki sai o gliadll cid Al palitua ,5l
2l dpath s ) 4 s
-aslal) A0S _43) s daala !
gyl elay)  aglal) LS A0) pan daaly ?

Mentha piperita &L’u_ﬂ\ Gl éb;i 33 )Ll Aaalial) Ailall Anlall cilaldtiull J:\Si:v Al ja o8 —

(PDA) (SDA) Sabouraud dextrose agar Aspergillus niger
3Ll L;d.d\ calitadl A A jall sda (e cudlg @005 + 2 potato dextrose agar

ol e (%793 %81.0) A. niger shill sl b claliiadl S oIS g Laall cl
Gualy bl Aand g Uadll bl Zaalill Sl (aliiill shel cpa &« lsll e SDA , PDA oailaall

Uadts aef g liatl il a1 ) paliidll Wi 15 e SDA, PDA (%52.3 %27.5)
.%67.2  A. niger
Aspergillus niger , , 552Ul Adlal laldtiad) — dualida

INTRODUCTION

Slo Jha e Gl U gplall s Alial Jualaally Slaa¥) cueal A Al Gl jaY) daglie B 4 leal
) e daallll iludll Tl g cel sel s sbaall s 455 il g ) sl st

O 3 sall a3 &S 3aly ) ) ALYl (ol pall s Gl daa o bl la il g ciland) daglih cl ik
sl g T jiall alaaiud) dags Ll ) sl Cadlal Gy (g AT dga (e 8oLl Auslad)l BV iga
Lapdal) Jiladl aladiad 3l e lall el il (e aall alaadl fiald) Baa 13a IS5 il
il alasiinl e oladV1 5 Al 3yl 8 jedas [13,8] Al clialiiiall Jie dpibesll Gyl (e Liase
b Al Gay e iilall Dl paeiy i Lene JB Al Aol LS je aladinly AndSal a5 dle JS Al Al
o= all il 5 &g el y 45l 5 &y phaall 5 dydall LAl 3 53 g sall Auals ALl Clalitall aladiul
int Al jaaall sda ?LMZJ JA; IGITEN é"“} d&"gg‘; 3 s 90 08 5 ¢ iilAall LJ)\L;‘}“}

Lala s Alall (al a3 Appusll dal) LS (o SIS gai  shai g Jandis o 58 Led el LeaS i 3 S
Sl (e 330 3535 5l A8 s s (o Lo sae <l yladll Ll dua ik 5 a5l il L €01 5 <l yLadl
Cand sl 2V G e LS all 03 (adAiY AiLaS s dun sl (b 320 llia g [ 10] kil sai g
sl & gl S e ol Jpualaall 5L (ial pal) (any Al 8 Lgalaiia 5 il

:Aim of the work ¢l ca

bl (el G il 2l lasdll wna aaeS Al Al 8 dlall bl aladind duaay Tk
Sl paliidl e Laa) L Canall 138 Chrgs 431 jume dikaia b A il Aaliall il yal) A8 iy gual)
el paliiaall e dim Als 5 4l slia (5 S & Aspergillus niger

LITERATURE REVIEW

ol e L) il il Lilad (5305 Al llaliional) aladiol Aiacaiall Gllay) A6y 5a3
bl Al (any @llia il 2y 3By GUail) a5 JSE 58 giall 5 duand I ClaBSAIS (5 5aT Jilay 2 5a 5 ) Al
O IS b il iany Aaglie b Aol cilalitiual Jadtd 38 e el ) Adaid) oY gladly
S Ll b Gl Aul Al e Cun o) 138 e 50 Al clialiiall o3gd Gl 2y a (Jaally il
Al all o3 (ye i s « Aspergillus niger hé e dudall Al any cilialiiud il 3l e [3]
Dbl L b claliiua) ST Je/azke 30 3 5% Mentha longifolia
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I 20 >S50 & %98.75 [ 25 5Ssus oaliiedl Oudi 4l «(%100) LS
[ 25 5850 xie kil gty Tadal) a0 Al e [1] %96.25 L Gus
Dbl gai Taf Caiatll J e 50 A [4] Lol ans 285 0686.2 Lavill dows cialy Cum
0077 dauds shadll gai hafi Cadasll dayg oJo/pale]2,5 555 xie (%100) Aspergillus niger
oie ki e (%15 %10 %5) a5 @l galiiue 55 [12] I 25 55
Gl i e Adlall @l 38 ) B mll @,lal s - Aspergillus niger ki Lee s o 3aill die L)
O ail e Canall Cla i il 5 b ol gy (51 paliiua) alasiul Ce iy o dlle dllad 53 45
i Gl paldiee LEE[16 ] Lo s Wl Gua) A Al Gie @l phad AadlSa el Laladial
Aethiopica Xylopia Zingiber Officinale dusi
oned O 255 Aspergillus flavus , Aspergillus niger <l sk (e S 43 Sl Yam tuber rot

[147] Whoal 3 A ol @ yelal 28y (Jandl s Jamall (30 JS & by phadll o3 gai Slo 5l caliingl)
Ll @ yelal 38 5 ¢ Aspergillus niger hé kil sa salias <l il Led o g1 Jalil) el J sV Galiio
saliae s0a 4lled L Artemisia herb alba C_\..:A\ ICRICEVA- TN EGNWN (RCAPVRS [15] wﬁi ;r‘“ Al yal)

Jarall Jals Zagll el i gkl Sl lial xie 4 [17 ] Aspergillus niger
Gl yhadll e @Y kil slaill Ll W & Artemisia Ssp. <ol (e daaliiud) 4laSll LS ) (s

Aspergillus ssp. ki L

Plant Description :
Family: Lamiaceae (Libiatae) Mentha pipertia :
1800 1Ak ga
40,55 5,88 o5l 5l dle aa ) Aiis Gy je dadane (31581 ikl el Y1 8 ans — ailia
:\a}l.mh 4.\& }i L}L»A:\A ua}.u.aﬂ 4 4l ?LS.\.A @)ﬂ\ ‘uL\ui 5 L@J w}jﬁ‘ 3 yaa Q\J}J @ ?Ll\j (LJ:\‘AH)
zs) 5 4e) 5l Ginie aadall 6 ypan Andl il A5 Aoy 5Y) Gacl 4 glian 40af 4

(Leaves) shha axiicall ¢ AN[5] (1) S 3 LS Loy Lo A gans

Ais S 5 A S s )bl g ) (e e
Clineol — Acetadehyde — Menthol — Limonene — Menthone
1058 28 Jgasl) Al gl 8 jludat) gy 50

Menthol :  Terpene 5 Linalool — Geraneol — citronellol :  Acyclic il e .1
Barneol

Santalol :  sesquiterpene s 5 sSu 2
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LoDl ol pall salall CaOUAL < gl) Calidy 5 clisal) 32Y JiaY) ol a3 Al 380 cd
ol el Lale 2aliy ¥ A Al eliac 31 38T a3 g ¢l 31 g Al Aol Agal) s o5 s AGad) Ll 2
Ay alls (s

iy ylaiall slally (4 yo Lgilad o8 Slad dadaty Lgassay 4500 plime V) Caglaii dloe ual ;Ad)) Cighiss 3
Ll 8 Al eliae ) Caad a3 Caladll Alae amy 5 A8 o gall 5 2 Y1 e alaill
il i (%) B a ds o aie A L8 aa g aSASE L ST 8 Al fua g atlidall doles 4

A0 Al ¢y il el Sl el s el 5 a8 S el e et 8

;@\:A\S g sh LS ¢
Mentha piperita
Aspergillus niger

Ayl

SDA (Sabouraud dextrose PDA (potato dextrose Agar) :ill asdiuall 130 v gll Lail
.agar)

(SDA) tpddiall Lhill padldiy Jie A

Oe Skl J el Vel saale 500 Amoxycillin + ampicillin s slad 4l Gldll (PDA)
sl e Agsladia e Laliy A je Ao Lghe Gt 5 ¢ Jladiins (20-0) oo Ao 4l Gl Cinen &y 1)
(Dilution method) <asaill 45, jla aladinly Jjall olee a5 «ilial)

1.0 500 ( ) Ol
258 30 52l 4L sinas (Erlenmyer)

9.0 (ssind dabna liial A gl ) atilia) 5 Jo 1.0 con Blaall (0 By e lagaisae il *

15.0 el il y syt Blibal ac ) dadaa (gl caad culaddil e Je 1.0 slodie cilpeS clsd *
i1 <0 Ly Fula¥1 S a8 o 38 dan s IS5 s JSI 5 5% 3 Jae 5 ebeaty

Aol Al 5 il

)ﬁi&)&\j‘@nﬁweﬂjcwwiBMOZizs *

Anaiall ey pladll olls Cay il Crandin) 485 g ) e lgbe paimn g Jall (BT S5 il ladl]

Lseen) Aol ol Sl 3% e Ay il e (e Canal) 138 AR il phadl) b je sy phadll adldl B

() e

:Extraction .

B30 b pagy g lindll L e Alaatiasall ¢ 3230 Calall (§ sasall e ol g 50 O, : A
O il S0 Cand g ¢ S il 2 5 500 4l anal s Je 1000
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