9] Aeiedaltl Dl gt




PERSER{PEFL{
Jaasds Ul Zaalond
(dabailly dyaulall oglall)

d}y1 Sdalf — t.nLuJ‘ -\1:»11
2006 — 1427

S 21 e 358530 Ul
www.kfu.edu.sa/sjournal/index.asp


http://www.kfu.edu.sa/sjournal/index.asp
http://www.kfu.edu.sa/sjournal/index.asp

o

&\¢



CCH A SR ITWR P

JE=b b sl 9T Al e sy T pabs dole b o Vg ilbgaoma polall 39d puo
pllss 6T 2 JBa¥ly Jummeailly posuatll Gl 2 Ley 4T 5T L gyisal] cilss by sl
sl s (s e Ll 188l 5a le Jsasdl ous Lokl o ilaglas daas
e B9 palls pad Wy Lopliss HIad culgag e puad Alanll s ubliss 2 Liaaall 51,3
Juagd AL daalond dalall Al oy Lo Hlad dga g
e s



Sl Lo
GIlaad! @ealpf o3 Jale 5.

sleacVy
aiadl] e s alllae 3.1 SUaldt goalp) oy e 3
EPIEN S VSO | NUP RN B
Lo 5l il A
ala LunYf

(Luugiy) ollabedd) @ealyl o Ao -3 (Laiy) sl uga i alllage a1
(Jguae) 390t dazma cpp @aal® .1 (PNS) oo ausn s3LaN e 1
(Igae) cinatldifie gsaes.s (scae)  hdlaal jupallase doma .|
(Jgune) Oleat Catugy dasme . (Jguzac) blad (agysf oy weaTls
(Jgne)  Lalsadl yyunie o jupallne .

P 1all PPN )

Gl alifuse deai.s palall dame Jola

ol Bgtias s

Alu) yall o) st
A A i
easd ) daalad Aralal) Alaal)
31982 slual) 380 w0
A3 gr) Ay jal) AStaaly
215 ‘\-hjﬂ-‘ 966 (3) 5801275 : sl
318 Lsai 966 (3) 5801275 : ousSLd
E.Mail : scijkfu@kfu.edu.sa

0843/22:&‘-\;'?‘ el
1658 - 0311: wany: ‘:;)Lyl‘ ‘?13..\." PRy
e el sl Taslas



o e
(ol sl
aely 0
Logacall Lyl Asalel) 2 Lubs Lowiil) adl| (s 9lall 4o ol 33920) -
L e st Suyadline oy alllie
olg S99 Gl o O
Loy sl agomll by ¥ D Pty sy Joaudd! 550~

cibygyEanlly eaglil) Lol e

LS oeldd! susalliaie P (gudall als olas
S 341y anl
ATowl> 0
oslyiat Jlaatuoly JEss|yd" Hpumll dodis cdg (aidnipe -

Lelinlf sl

3 e Ogey cadballliue ((y9e ;8 Jlass dama ¢ jsand yalillae
ely) Q

Lyl dit) Qgusd! slwdis s A6l cag) ! saylally LalW) oleadl -
(Tribolium castaneum) ifawtf 3.1 cLwdis g (Oryzaephilus surinamensis)

4O Il dazma (e
i) 59l dals oy oo 9)%ul] sbesad) cibygiens cibyydl sue 550 -

alal] Jpuazms e — plaghd| — g uall

(63 Calidl daa ¢y rales Al @ e oy llie ool e o Ol

Cistanche phelypaea (L.) Cout. (Orobanchaeceae) ¢gilatt Juals e ddw Lalys -
Lagacdd] duyat) isaloll sl dnlg 2

75 .............................................................. M‘ﬁabww‘ﬁ&w}ccﬁ



.................................................................................... Sl dame o Wl
Olyaungs oty Jubyelaatl o yliatl ol yobs calygioees Slo dogltf 515 -
..................................... t__g..\.a:-y‘).:.&'u Zu__)._«.a.a &‘:,J\J.A)J‘u_uo 4<:,.MJ‘ _5‘3:_ FRYYS

g gl gl odo O
O LAl o ) (e (A1) Zaa 3 Jumld Lol cilagas -
T gty Lelad) L) 4 s
.............................................. 22 Wl (ilms Gle (ool dame ¢ agd Lualal
djlec O
glaiu¥l ailelat ‘.,.ﬁ?! el Unsul 3 @uasail) -
................................................... el Suax ada] clmd (e e des T
L gyeat alautf 5 yoslo Luuf yut dummgia -






Y1) 2V TV J5¥1 saadl bl alald ity Lol aslall — Jund UL daalond duelall danl

dnciioll aoll gglidil dac guill dsgadl
dysgeall g yall dalooll ¢4 Lilsg

usdl 3epall e o allloe
sy Al b ¢ de 1 Al — LA ZLEY eud
D gacadl L yall 2Ll — Ll

: ol

el y il Gae (3 e asgacadl L yall Lalell 2 pedll g5l Ll @iy
e daall gty s all g radll (ol ZlnY delypll 5515 Jid o sasiall duel 3l
Ll clgantl 48850 ¢y 9u e (9LES Bagenty loby (gasdy e M 5 cules ) 41
2 ol yn @5 5 Lima Lomiall el (ol duc gill 53y anll @l Laad¥ |y I
EMS (pacnanx 2 VEY 9 V81 ale il madll (G9laS (e dige VY e dl !
@lie 1 g sl Sl il pead @l lie Lubull cded ciely) 3blis
o9l shlaal 2 dewliall 3l alaziwly oladl amd @ udies yl olal
Gl @ Laso cald¥l Ly Hoill e ol ()9d! joaaty sgladl Hlasl @ oo
Glus @ Less clageall Lz dly LoV L 9 g pdondl 3 ilb Dlall Hoodl L

Al Hsodl Gle alylaall jsels Lo

OT Y Ty 1ysmy Cataad eiiles A yall caliall ppen O oo 1l e

Lo Cppona sl oy il (oLl e 50l B3gan) 2y gl oy glal sl
o ebs s sy gyl laall e 2 bl g Lygias B398 Saa g
s TN 555 B ] i3l 2 e e L S 55U L 2 clisal
O 1o Byar s 39y i ciles . golaill slaiel dagy i s Jad Sl duwadl
2 saaiae e V) Juol e clie Veddd doo alo¥l L 2 golall aliye
S5 LAY Tl 91 il 55 1 7AY ] il 2 O Al S
i pels 9 golal wlive oo Lusine 3950 Holall Les il ()all gl Lass suiall
ol e I el 2 L haall e Lo g T il LY




sosdl jupadlone gpallloee Liloms Gl ol (g 5La due 5l 5352001

ot il Ty Lal ¢ LT eugll 20 57 LoVl il ek £6A =1 e
25 Js¥1 sl 2 5ucine cilive 0 Lgie ilise V2 Lliall 5ol Gan cian g 432
‘:,_»LU\ (6.4.;1}_“ 2 (ideiaas (nldae

Lamil] el (g5LE0 e 5l 539l (65 2 yeam (ol 393l tll gl
Ol ity golamll slaels ] liee e Ll G501 Cancs e Joy Les Lins
5 sl gL dog i Gadaty sl Griant! cilidee s batl Lale dals oSlia
g 1 (g5l (oo gl padlS Sl Sl

: doasl|

Lille il ) Glamgy GSLall 3LEmill 2 Gualadl 5505001 550001 i
oo deday Liwme olE e Jaand! gl abigicd] g Gle jus alaialy
] @lani oF LO8AY (Calhy @ LA ESLa 5ak (e dlli g dus I iliaal
2 Giaaiie clebaie ol Lwsfas olius P e @b @lladl g laee 2 golall
il ol 593 cugli ud (Ealy «golaidl Jglatg z L] A3l pag Liumll Bl VI yolas
Golall Bagom alaia¥l o .(Kelly, 1988) el gladll jolad cuag gt allsd o
e sy Juoladl gl Jolusy zlol 5 Jumady Jol plaly opds sl cod
.(Douglas, 1981) a3l glazil jslas

e T L] N 3gaall D Losgacadl L pall iSalell 2 aly3 ¢ Laall saiel
sl 20 wlall Gl s @JLadl 2 dabie alias (e iasdl Loddl sl
canea ) galE gl 2 Lsllall Byl g Luall clolssaYl Hag sy el
Sl il g Lbma (golall 7Ll dueni I (Taliferro, 1986) gpuadls ;Lai 13 (1840
2 (1888) ol 1 503 Lesm chsgacall b yall A5alell 2 golall slaie¥ x5 92
Soix Jl orall plasll 2. gl Juo bond Lt | (ol 7L5] dileme Ldol 4l
ALl (olall 3509 7] 2 dniaRtie Gl )b (gEaS




Y1) 2V TV J5¥1 saadl bl alald ity Lol aslall — Jund UL daalond duelall danl

i)l 5yl (e dumgd dmf AVEVY ale Lis yuadill gedll Holu Zl) Ty
olatny Laslpieal e Yoy Ll yuadilly madll (ool 21 Lo |30 cilss 01 ol
zhl lee 2 dgall aleidl one )l Gam alll aue oF ¥ (Al e Ao
aily (Y0¥ uold) 5ol Blowd 2 suus 2 (GolaS Hoels 2 eal golaull Hliss]s
el g el (ool ol plad 2 suSladl s pall Al ol g dely3l 5,155 cuss o
olemyall cloy Llms Dl e ddl el Hoid wlaslgay bogyd puosy coslad
21614 ale Iy cOVA8A colilly dely3Il 55039 cleslanll oia a3l (gglanll dmal]
seaddl g madll (ol i sl @i L) &8,801 2 590l il At (95 (@5
&> e, Ll pang clss Al (e desama mias oldl 9 del)3l 35159 cualdy
oo o i Leld e Ll Hoddl (bl Gle oLl 5 delp3dl 5515y Hlad delibs
B o Lo e sl el el (13 ¢ye il (ol alusioals cncylell 3,0351)
VoY gl e i ) il (e il 21

Lo il pell (5 9La e 5ill 33gandl le el ilaalys 5353 el |y Laig
GoLai due gill 539l 2 LoD Y] gue e Byl CBug Al yudl oha copa i ugd
lallaie g dogydiy Hoidl il cules ) all a3l (un A8 00 9 Lidma doetill o]l
oladl slaiel

t Eoed] Bylog olgd)

EE) alises ulaSsT EMS e @S 0 (g line Caran Eom a8 1EY 91204
J\HT%SJ_‘U_'&‘ Q\_:.yJ\(:,J‘.J_A‘ 6‘-‘-‘-“&)—‘54 4473 Jj..,\_‘)md&»u_a(«;\b)&ﬁ
SMMEgjLE:JZU.:m VY Lgie y9l0 youma VYV M\JJ‘&MM&bjM‘j&Lﬁ)ﬂ
.(\Jju\q-)434_‘;:“):‘_&_@\5)_&_1«;@Wﬁ(ﬂdtdms‘ﬁif&jgul)&.ﬁgt@c)
%Sﬁpﬁ@@‘ﬂ‘ﬂﬁmﬂ‘jdﬁbwamwb \03\2(“_3.)2\_;..‘_._”
VAR R (gu_u}n




sosdl jupadlone gpallloee Liloms Gl ol (g 5La due 5l 5352001

iealiall )y dall alaziily ALl ZLo¥) @ud 2 H00udl Jare 2 golaill (amd @
59003 59La1 e ol @3 o @Y L (e (21447 slamd) 5ol el yLas 2
Frd ol @ Less cd CaIY1 (399 Aalal a1all o (aSLas) 599 63V Jro
e olo¥ dwwd Hlaal eyl @ daill il (e« gl paidly Llall Hodld
e J5= e yin ) 0 aluzial @ G (@l )yl X590 Huuas 1Y) bl e
@3 (Budo/5,0570) ylade clay Llis e 33 3191 Gle gl ) Blibl p)T e e hs
LAY Juzmeat @39 calol darc 50l 2Y0 Lo ys e Dl > 2 el iVl Blibsl cuainyg
@9 (Black point) «lsgedl Lz db LLoW L jouds @ Leso AL agdl e ol
. Alternaria spp. suis J] o3 LT g9 590l Gle Lalit byyladll fre

2 (SAS Inst, 1988)SAS il >Vl gelipdl alumiwls cilibadl Jdoi @3
CRY 18 s e e JEo Julod @35 ol pEme @0l alill Sl pdall euenstl]
G0 BT id b alusiwly cdbelall cilla cigia cns B9,all jua S @l cdlalall sue
.(Gomez and Gomez, 1984 ) LSD (g4ire

a3 L g bl

sred) 2 onializes (iiie 399 ga liall e U Cua g Sl elaalidl e
¥ 02 i, ) ZLn ¥l il udd Desd (golaill ZlBY (fiasies oiss 14 (e S
LY sostiall il il oy e Libms Lol golaill Hlacal 2 ol dam gt e (1
Lo Llalas suaiall il yull 5o iline puen cileoy cuaiall ud of (golaul
GIlia ciles () Jaun) suciall pud aln il e cnilalas pd oliue Wlis colss
s O sy Saill e ol el Binall a2 liaall 0 By LD |
ALl of l3guadl 2l Ll Y1 oLy ol peomd] Liuall duass 343 Ll Jasd ciles yil
il et dlalas 5ol ol gyl




A2

1) ) £YV IV sl pobeadl sl

ity Lol aslall — Jund UL daalond duelall danl

(V) Jyae

Sl B e il g el | 2 ool il el (g5la ciline

3-51&.1\_’ :ch)'ﬂ 2)\)}&«5&5) bleirs yus g L"gjLE:J‘ C\L:ﬁ bdalan QLM}A)

(2VeY - aVe)a)
lasde oyl dlales | 5o0dl jauae | Azl dgadl | dell @3,
ilalae RN ociae \
ilalae ORI ocine Y
Aalties diue ilalan ORI ocine Y
ilalae Sl 5 eias Y
Lalas el S oains 3
ilalae RN ociae 0
ilalae RN ociae 1
Aalties diue ilalan ORI ocine 1
ilalae ORI ocine v
Lalas sl S oains A
ilalae ORI ocine A
iLalas el Baine pud )
ilalas 2 ORI S aine yud X
ilalae ORI S ainn yud VY
ilalae ORI S aine yud VY
ilalae Sl S aine yud v
HTPRS el cins pi Vo




sosdl jupadlone gpallloee Liloms Gl ol (g 5La due 5l 5352001

eV o A @3 Ll ciles Com sgladll Lo 2 Ligias 39,0 393 g il o ygla

(TA4NA) 8V £V rga 2 oYl o8 0 @3 Ligall cileny (144,01) 2) 414 nusa 2
aalg (FAANY 5 ZANEY) (sl M 2 ligall BT o VY @3 Ligall el Leig
adl 89 7AA (e et sudios jul golail oline Lgie due ) Y 2 55ladll Lo ciles

PN TSN (3157 RV W1 { ] W1V PR, - M X W {3 S-1 | UUMPRS R Y
i G Y amll Joo gl 2 suatian (9lad ¥ @By Liall i L «(VA3A collly
s 89ladl mlbissmn Lalys (o vy Leso (Y Jgua) O gl Mo 2 Lllall 5 gLl
S bl 2 (ol @Y /uad 5500 0) 4o zsenadl (s el Juasy juadddl 5ol
)18 ale 2 (100 V ) ) )salnn il el clige @S 5 (£Y0Y) sualins wiles b
Leso () V@3, dige) Sualinn pud unly Lige 2 puaddl Holu a9 2V EY ale 2 Lty
M= 2 Gaslins H90) ¥ @3y e 2 (Lolium  spp.) ol ! Laids ol caaay
W) @B Lall gola3 2 (Phalaris minor) dagll Jod Léfo 59l ciaa g9 < Onecug ]
(Y Jou) Oreco gl M2 2 (st e Hol0)

099l e sl O3sd) g SLo¥l s 2. golaill cline o Lyginn Byd Llis cols
FAV JIYA e 2V 814 ale 2 L d¥l ded gl )5 o o (V Jgua) el S 2
W Jo T e suatins colige Vo cdiid aaly 748 J1 TN e o) 67 ciliad com gl 3 Lo
LAY Lot 3oV asd) 7AY Jl Jgo ol 208V 814 @uge ciline (e siains e
VEY g 2 Agllall LWl Lecndd Juas @ Lt (olad!l L] dog i 2- 4pllall
VY @3 dall) Suatias yue due g (V @3 Ligall) 3uatias Lue Gow

o (¥ Jga) 5pidl culine (s dusias L3538 590l e s ill (3501 yglal Lo
2688) JIVIN eV 8V ale 2 alim ATA JITYEA (e B otV )9 gl
i) e 038U Jpamdls Lliall 2. oLl gus s g paly s 909 2V Y ale
alyat s 3ol ¢ @By Ligall e s ciall bl Jo cliles aaly (gl il
el coles Lain ol mayanlly bl selass Lle Jo s Juse 9o 5,00 U

1



GY 1) VYV ¥ suadl mleadl Al

ity Lol aslall — Jund UL daalond duelall danl

290 oY dge 2. 63 W Juo bl el 5 (EALATT sl sae g 5olad) L
«L'Lu.‘.u}njeﬂ\&).& BrERCIVARA SRPREAR ‘aLc dud @ZJ‘ G9las (4o

() Jgu>

g olad! 6\:4_":2 foalias yil g blaliaa

Jolms ’f;‘* soaslamdl e 5 olaill e Rexl -
NIy FESHY oy
WARAR WARARY AFAR WIRAR WA 2)814

34, AAAY scine )

a4, - 44,8 - 5oaine Y

YA AAYO 410 scine Y

Y1 A VY AAAT A1A0 saine Y

14 340 Av,-y i ¢

44,14 AAAY saine 0

. . a4 AAY saine 1
a9 ALY sciee 1

. 44,0 AAA) saine v
AAAY 44,0) i A

. AL a4,y saine 3
Av,Y0 AV | saciee s | V-

Yy Ve YV ¢A a0 AV | saciee i | V)
a4,y MNVE | saciae s | VY

AR - MY | soatias e | Y

- VY - - ANYY | saciee s | V8
- £y - - AN | saciea,d | VO

- - - - YAY vav | LSD gsies )2 o
(0.05)

Jazll o3 Lt g8 1) By el 2 Ll Gl ! iimd o ¥ o3 Liall 2 3ilasl ol &

el 59l ligall g 2 iles 653 Juoladl 5ol s




oosdl patlone cpallloe Labms il el (g la) Lue 50l 550!

() Jyu>
AVEY s 9V VA ale il madll colial Lo a1V (399 LSV A

3@*&334@&\&}&&3@&

L al¥l s ola¥l il gl ©2)
(al ) / ol
AV a) 814 ISEAR Y814
£V.£0 £4.Y0 q- 3. 5oatias )
£V 10 At A 31 5oatias Y
£V 0 £8.8Y 11 AY 5oatias Y
£Y14 AL q- X 3oatias ¥
YA oY YLVY AQ AY 5oatias ¢
£4.¢) SAYY VY A 5oatian 0
£V oY £V, Y VY ov 5 oatias 1
£V Y1 EAA 11 Y4 5oatias 1
£Ye ARE At At 5oatian v
£V, Y1 1Y q- a1 5 oatias A
A AR q- 04 5oatias 4
ARL YAV ay 3. 5 aaine pud )
Y11 YY.£4 AV 40 sudine yul V)
£1,0) AR Ay XY sudine yud VY
Y YAA AO vV 5aaine puld VY
- £5.01 - A+ sudine yuld Ve
- YV.0Y - a0 Sudine yuld Vo
1.6 1.V A X LD gias 552 21
(0.05)

Wadll 3 i g8 V) @) dipall 2 el Glugd| L] Lo ¥ @By all 2. (35LAS] 5ol 4

e 5el iliall e 2 ciles AV Jus bl jolu 4

A



Y1) 2V TV J5¥1 saadl bl alald ity Lol aslall — Jund UL daalond duelall danl

e Juo beo 2V 814 ale 2 Juall 128 o JBT sudtins yuo clie T bl o ciline
dapall ol yald! e ddle did Gle Jaastl yhig gt el Canss

O dgually LLW de i el Holu e pebay oy 9 claguadl Laadly LloY!
Fusarium spp. 9 Alternaria spp. obu,aa L gealy senl sl
g s LT dsbo 11 (e dlle Lo 399 e yani I Helminthosporium spp. 4
3_35.335.“ &LLJ_JJAAJ‘ O (AL gasma Cay yal (a:' z\_l.ub..ﬂ‘ PR %_9 4(W1€S€,1987) &_|5_A_'>-_”
e aas m5L0 oy glaT udg . Rhizopus spp. s Alternaria spp. - 5341 e
b Co Ll W dasg de )3 age i pso cigldi clageadl Laadl LLLYS
Dlo¥l eales Laiy 784 JI T e comglyis 21614 ale 2 ciliall e e Gl Y|
{adipa coadl odag (& Jgas) 2VEY M}A%Z\Y Sl rao e cogl S g dinaxie
il 5T el pe Calasmll 33 ally Amlell 20 adond| gy lal) reailly Zo s s
u_lr_l_*d\fdlﬁdﬁﬂ Z\J:)._U\)j;\._.d ZinU_AS...\._‘LIU QL_JEGJ‘%L_@C}«A_U
I3 el Lygha 11 s Las Juanond | g s LT 6,01 20 ol 0¥y 3,0l (30 alliss
bydaall HLAS e dadag Bl

Dl fs s 2 Ylad 505 ol ol ilelae Jolally ey glal ot
oadl eslbie L b) wie Rhizopus Spp. gyl ol yeaiiw s ygls S by phaatly
@bl alaes 2 Alternaria spp. LyLycdV ylasy Lo ¥l @ ygls Loin dada dlalall jo
L el 207V JI paio a9 J9¥) @l 22 70Y I aio a5 By
JoV crusll 2 Thalall ;2 caliall 2 778 ) Blo V! Lecsd sy Lot Alalall caligall
Lo ¥ Lo (o JIE5 5 2ll Al o e Jo Les (805) G3lT eeusl| 270 J]
Tdlad oy Uy Laa 50001 CODLE 3y a0 s bl caliall iy o0 e ol ylaally
(V48 cslasdl) @laedl daladl




o9l arallone o allle

....... (WEPPESHY F.E.H éj\.ﬁﬂ i gl 5agandl

(&) Jgur
el Bhaall 592l sac s Lol ylad 5l Luuig =13 puall dadly LYl Lo

ocing yud g 5oline LS 38 B (e Liloma Ll all cliaal (4 o

il Glall 5oudl | Hlad Hsels L LoV i igandl 2
&5 pdumd| Loyl slsguat) daa Il bESH ey
WARAR WARARY WARAR WARARY WARA R WARARY
\ ¢ AR A\ s ieian \
\ A \ 1 s dalaa Y
4 Y Y a1 YA s daiaa A
V4 s daiaa Y
VY £0 Y 0 \Y PV ¢
Y A a1 \Y s daiaa 0
¢ Yv Y ¢ 1 Y- IRV 1
\ \Y Y ¢A s daiaa 1
\ \ ¢ Y Y\ IOV \
A ¢ \ \Y Y¢ sdalaa A
¥ 0 '4 faaias q
Y VY bialias yuc B
YA Yy sciae yud | V)
\ ¢ . \Y adies ye | VY
0 A 1 ¥ saalias yud | VY
- - R - Ya saciae e | V8
- YV - Y¢ - \% Saciae yud | VO
1,41 Yy VAt Yy 0AY VY08 Ssina (5o JB
LSD (0.05)

@=E2Y 035 ol due 2 (g pdanll pa il lall 50l sue




Y1) 2V TV J5¥1 saadl bl alald ity Lol aslall — Jund UL daalond duelall danl

o9tn alie puas 2 Dlall Hoddl paay ciua g a8d bl )il ddlly Lo
09 oy A sl 20 Lako &) 214 @uge 2 Suatian 5l Suslg He0o due g Saatias
Llall Hododl ssag pusmnyy (& Jguin) omiustias (e 2 gl pilly Llas
2295 e cileosgiadl Gublis dall Eoo ool Loveall a3l CBgyls gyl 2l
Justice and ) ool (e < LET & pdestl ladl aluseil ane g Ll Canis g Ligls ,
.(Bass, 1979

G Ll (golail) Lue gl S3gad) (Ggticnn AU (Gue duslyll ol < yglal Lal
Golad L] plad O Lle Ju Les ol all wlls (e daniie ol L Ao il coniay
AED LBl yaly Add oM (e Sl Bagadl Lppall Asalall 20 e dd) 9 meall
Soladl ZlBY pfaaias oSyl (pe JS2) (idlides Oniige g2y dwlyull @yl
oy Jid (e il gglaill O Leso golaill Ao yud 5503 (g0 LY @bl udd Jaad
saaiall golall cliwlga @al pan Lgde Gty ¥ L 7wl abuwsl! 5 olss il
igal) golall ZL0Y L 7 pune e 45,8t Sugs (g9ldS diye lin cilss Llall 2.
e Ol gl ZLBY Ugill ciln,all del )31 5515 Lo gs O e o Les (VY 3,
e gill sagadl el e (S5m0 @9 Holudl Lant Jalas 39 g9 L LOY LglHud (b
Al golanl!

¥ mealll 481 Jrolze 68 Lo cond jaddl 9 madll ol zlu] oldlia of
Jeoladl (ans 2 Jlal oo Lo Lols 5] gyl 5T s Jre oilblas ol
ol ) Al (e pissll Jams Les (Copeland, 1976; Thomson, 1979) mualill duals
Gl @lanay pnll g madll ola Zl 2 Joiall 2 il 5 dsnlell 2 Alelall due 3|
Zloly skl 2 abhsd O (5 suus Ldle wlyudy Lad @l e Loud cls,ull
35n Al gl duesill 535adl 35 of el Tl oy U1 2oy 5aaiall gglal
sleie¥ £a5Y ] dely3ll 55058 e oy g golinll Zll dagydus al3UY annal
2-9 Aoyl oladl (pe Bged pagdmid Glasdl piasill dage ()0 Jesmds 9 golad!

V)



sosdl jupadlone gpallloee Liloms Gl ol (g 5La due 5l 5352001

cilaslandl 20 Sl 550 0 aa olaidl golanll ZLG] @ilen i Lle o cdgll uis
@ gl corgy sl ais Jme 5 0 (5 Lpus Glis] Ja] T 2l Lle
SIERT Lml Hsaia Caio poly AV A ale 2 Ausgedl Ay yall dsalall J allss|
aiall Gule¥) g9las I sl (93 de 3!

ol (o9, lall pe dblgiay Lonli] lel Lhus Clio] qudll al> s o
oo @Il 2 Luasdl medll Golin] elansd ASaloll saama 3blie 2 del 30 LI
Garall dmill 15,80 e Y Lpold Lo Jpastl p5ma ¥ o lels calisld
okl zL5] > Lle Jpamtl Ll golall eiles yal e Les (VA4E alasdl)
e lew Los Cataall daill 265,500 (e Aol olanll ol i Jilie A5alell 2 suatall
e oladl zl] 2 Jess Gl les 3 A1 le ds yall ppuiaiy goladll 0] @ulads e
.saeTall

VY



Y1) 2V TV J5¥1 saadl bl alald ity Lol aslall — Jund UL daalond duelall danl

FEAPSY

ol gDl g Ll Hoi ! o le el wlaaf (V448) alll uwe 2100311 sl
eliadl Ll asly ol ysdiie (osalshl) Wb gassle

Ll asls Olysdiia el olyLan Y Ldsudl aelsall .(1447) alil s 2 13511 ¢ slosl
eleagdl

llos g 5 5 Lea ] Juolodl 590 .(VAAY) Cals mllis senl g eual® alll e gy Lall
Jio sl ¢ Juo sl el

gl o ol Ll (g9l z Ll ddlena LW dnl judl .(VARE) sgama pils (g9l
AV VY SONY ¢ yall ol 20 daiill g del 3o yall logll 2

ol ¢ 59all e Lt 9l e Aiomly Bdy pandl 3 58l (Y2 V) 000dl oomin dind
el s gacad L yadl £8alelly 5oi by ol e )3l pamadl . (VAAT) 3865 ol ¢ e
TVE o L gl gudl oo ol Racalidl 5 gl bl

9 9l G L aatiall (gl 5o alasial dueal (Y02 Y) qual ] « jols
ool e ¥l g due il 5,80 Jpuamll 2 53ga el Ho0udl 335 .(VARA) oLl 5 del)301 5,559

VA <3y
9. Copeland, L. O. (1976). Principles of seed science and technology. Burgess
Publishing Company, Minneapolis, Min.

10. Douglas, J. E. (1981). Successful seed programs: A planning and Management

guide. TATA McGraw Hill Publishing Company, New Delhi.

11. Gomez, K. A. and A. A. Gomez (1984). Statistical procedures for Agricultural

Research (2™ ed.) John Wiley & Sons, New York, NY.

12. Kelly, A. F. (1988). Seed production of agricultural crops. Longman Scientific

& Technical, England.

13.  Justice, O. L. and L. N. Bass (1979) Principles and practices of seed storage.
Castle House Publication 1td., London.

14.  SAS Inst. (1988). SAS/STAT user's guide. SAS Institute, Cary, N.C.

15. Taliferro, C. (1986). Seed production and certification procedures and their
application in Saudi Arabia. Proceedings of the ninth meeting of the Saudi
Biological Society, pp272.

16. Thomson, J.R. (1979). An introduction to seed technology. Leonard Hill Press,

London.
17.  Wiese, M. V. (1987). Compendium of wheat diseases (2™ ed.) APS Press, St.
Paul, Minnesota.

A

VY



sosdl jupadlone gpallloee Liloms Gl ol (g 5La due 5l 5352001

Seed Quality of Locally Produced
Wheat in Saudi Arabia

Abdullah A. A. Al-Doss

Plant Production Dept. Collage of Agriculture, King Saud University
Riyadh, Saudi Arabia

Abstract:

Wheat seed production in Saudi Arabia is conducted by some authorized
agricultural companies. However some unauthorized companies and farmers
produce and distribute wheat seeds in the local market. This study was
conducted to evaluate seed quality of locally produced wheat seed. A total of 17
seed sources were collected from three agricultural regions including samples
from all authorized companies and 6 unauthorized seed sources. Standard seed
tests were conducted to determine purity, seed gravity and seed germination
percentages. Also, the number of seeds with insect damage and seeds with black
point were estimated. In addition, Fungus colonies on germinating seeds were
counted.

Although, all tested samples belong to one variety “yocora rojo”, results
showed marked variation in seed quality between the two seasons and a
significant variation among seed sources in all studied traits. Significant
variation was observed in seed purity, in which several samples failed to reach
98% purity level required for seed certification. In addition, poor germination
percentages were observed for most tested samples, in which 7 out of 11
authorized samples failed to pass the 92% germination required for certification
in both seasons. Furthermore, seed gravity varied among samples. Significant
variation was, also, observed for percentage of seeds with black point. All seed
sources had seeds with black point in the first season ranging from 6 to 48%.
However, low incidents of seeds with black point were observed in the second
season. Seeds with insect damage were observed in 6 seed sources in the first
season and in two seed sources in the second season.

This study has shown that wide variation in seed quality among locally
produced wheat seeds exist as result of weak technical supervision on
production and treatment of seeds. Therefore, there is an argent need to develop
an effective field inspection and to apply seed production requirements to clear
the market from poor quality seeds.
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The Effect of Washing and Packing of the Sacrificial Meat
on the Level of Microbial Contamination

Ghassan Altabari and Salah A. AL-Shami

College of Veterinary Medicine, King Faisal University
AL-Hasa, Saudi Arabia

Abstract :

The aim of this study is to show the result of clean water washing of sacrificial
meat in reducing bacterial contamination of the meat which could take place
during preliminary stage of slaughter, dressing and evisceration.

Bacterial swabs were taken from the surface of the carcasses before and after
washing and additionally from the fabric bags used in packing these carcasses

Bacteriological swabs were made from the surface of carcasses before and
after being washed with water and also from the cloth bags used for packing the
carcasses. The total number of aerobic mesophilic bacteria/cm? was 4.2 X 10* in
washed carcasses; 1.2 X 10* in cloth bags and 5.4 X 10* in surface of packed
carcasses. The percentages of bacteria remaining on carcass surface after washing
was 25-507. On the other hand, the total number of yeasts and moulds/cm? was 1.6
X 10° in washed carcasses ; in cloth bags and 2.6 X 10° in packed carcasses ; the
percentage remaining after washing was 27 .

The species and numbers of pathogenic bacteria in washed carcasses, cloth
bags and in packed carcass surfaces were as follows respectively: Streptococcus
fecalis: 4.3 X 10%; 0.5 X 102 and 4.3 X 10° remaining bacteria after washing was
32.37. E. coli: 1.0 X 102, 0.2 X 10% and 1.2 X 10% . The remaining bacteria after
washing was 507. Coliform bacteria: 5.0 X 10%, 6.0 X 10% and 1.1 X 10% The
remaining bacteria after washing constituted 100%. Proteus vulgaris: 2.4 X 10%, 1.2
X 10% and 3.6 X 10%. The remaining bacteria after washing was 487..

Enterobacter agglomarens: 2.0 X 102, 1.1 X10%nd 1.1 X 10* Remaining
bacteria after washing was 47. Penicilium spp.: 3.0 X 10% 0.0 and 3.0 X 102, 75
of the bacteria remained after washing.

In all cases the total number of isolated bacteria did not exceed 10%cm? and
that of yeasts and moulds in packed carcasses was 2.6 X 10%/cm?. Washing of
carcasses with water reduced bacterial contamination by 47.5%. Therefore we
recommend through washing of carcasses with hot water (74C for 10 sec.) under
high pressure. Alternatively steam sterilization and pasteurization or HCCP
Systems may be adopted to decrease initial bacterial load on carcass surfaces.

35



An Approach to the Analysis of Virtual Metropolitan Dammam ...  Umar G. Banna & Fahad Al-Harigi

il jucugh (s agd g L D)3 jee
oo Gl Gaals - daglazeilly 5, lasdl Lles
Gagacall Lo pall isaldl— alend!
IL)AM.A
M5 (e cliig £ 9y2En IV Aipud!l Julomtd calin dumgin 15531 ] Al yull Caugs
Ol ca aleadl 5 pols 2 Gl i 9,mEn W G poasd| culboLiall il 5
Jelod bl el conbaglall Ladiy WLl jo b —eulga¥ il e IS
zalill @l e el (g pinndl il peall Cuso,illy ¥ adl ol 2 glaill (o 8B
gty aleadl )il Jodoetl (6 piaondl doldill a3 sl il yd Laliell
Aol eleslall al il
gl bliill zhg il ccnlaglall L0as (iguast¥l alaadl sy sl teulaleatl #Luda
o ycastl il

176



Scientific Journal of King Faisal University (Basic and Applied Sciences)  Vol. 7No. 1 1427H (2006)

19.
20.
21.
22.
23.

24.
25.

26.

27.

28.

29.

Mitchell, W. J. 1995, City of Bits: Space, Place and Inforbahn, MIT Press: Cambridge,
Mass.

Mitchell, W. J. 2000, e-topia: Urban life, Jime-but not as we know it, MIT Press,
Cambridge.

Saudi Telecom Company, 2002, Annual Report 2002, see http://www.stc.com.sa/cgi-.
Al-Sharq Al-Awsat, 2001, a news item of the issue of October 7, 2001.

Slack, J., 1987, ‘The information age as ideology: an introduction’ in J. Slack and F.
Feijes (eds) The Ideology of the Information Age, Norwood: New Jersey

Toffler, A. 1981, The Third Wave, Morrow: New York.

Toth, K.1990, The workless society: how machine intelligence will bring ease and
abundance’, TheFuturist, May-June 33-37.

Thrift, N. 1993, ‘Inhuman geographies: landscape of speed, light and power’, in P.
Cloke, M. Doel, D. Matless, .Phillips and N. Thrift (eds), Wiring the Rural: Five
Cultural Geographies, Paul Chapman: London.

US Department of Commerce 2002, Progress of E-Commerce/E-Government
Evolution in Saudi Arabia.

Venkatesh, Alladi, N. Stolzoff, Eric Shih, and S. Mazumdar, 2001, "The Home of the
Future: An Ethnographic Study of New Information Technologies in the Home,
"Advances in Consumer Research Vol. 28, M. Gilly and J. Myers-Levy (eds.), 2001, 88-
7, http:/www.crito.uci.edu/noah/NOAH/paper/HOP-Ethno.pdf.

Venkatesh, Alladi, and S. Mazumdar 1999"New Information Technologies in the
Home: A Study of Uses, Impacts, and Design Strategies," Proceedings of the 30th
Annual Conference of the Environmental Design Research Association.

175



An Approach to the Analysis of Virtual Metropolitan Dammam ...  Umar G. Banna & Fahad Al-Harigi

References:

1. Al-Ahli Bank, 2003, Al-Ahli Online website, http://www.alahli.com

2. Arab News, 2001, “Saudi Women bank deposit”,
http://www.arabnews.com/S Article.asp?1D=4936&sct=Free%20Internet&

3. Arab News, 2002a, Free Internet,
http://www.arabnews.com/SArticle.asp?ID=20860&sct=Free Internet&

4. Arab News, Commerce Ministry wins IT prize, 6 February 2003,
http://www.arabnews.com/Article.asp?ID=22555& ArY=2003 & ArtM=2&ArD=6.

5. Bu-Ali, A.Y.2001, Development And Distribution Plan Of Tele-Centers In
D.M.A., Unpublished Project report for the Degree of Master in Urban and
Regional Planning, Dept of Urban and Regional planning, King Faisal University,
Dammam.

6. Chapin, F.S. Jr. and E J. Kaiser, 1979, Urban Land Use Planning, University of Illinois
Press: Urbana.

7. Eubanks, G., 1994, Moving Towards a Networked society, Business and Technology
Magazine, March, 42.

8. Graham, Stephen and Simon Marvin, 1966, Telecommunications and the City:
Electronic Spaces, Urban Places, New York: Routledge.

9. Graham, Stephen and Simon Marvin, 2001, Splintering urbanism: networked
infrastructure, technological motilities and urban condition, New York:
Routledge.

10. Gold, J, 1990, ‘A wired society? Utopian literature, electronic communications and the
geography of the future city’, National Geographic Journal of India 36(1-2), 20-29

11. Gregory, D., 1994, Geographical Imaginations, Oxford: Blackwell.

12. Guthrie, K., 1991, ‘The politics of citizen access technology: the development of
community communication and information utilities in four cities’ unpublished Ph D
dissertation, University of Southern California.

13. Ingham, David, 2002, “Saudi Arabia’s E-vision, an article in ITP wired news agency,
see http://www.itp.net/features/99182985548452.htm.

14. King Abdulaziz City for Science and Technology, KACST, 2004, “Internet Survey,
1999, viewed on website http://www.isu.net.sa/index.htm .

15. Madar Research Journal, 2002, “Number of Saudi Internet users to edge towards
4.5 million by end of 2005,
http://www.madarresearch.com/news/newsdetail.aspx?nwsld=1.

16. Madar Research Journal, 2003, “Saudi Arabia will spend over $5 billion in uphill course
towards institution of r-government”, Issue Two, February 2003.

17. Martin, M., 1991, ‘Communication and social forms: the development of telephone,
1876-1920,” Antipode 23(3) 307-333.

18. McNiel, M.,1991, ‘The old and new worlds of information technology in Britain, in J.

Corner and S. Harvey (eds.) Enterprise and Heritage Crosscurrents of National
Culture, Routledge: London.

174



Scientific Journal of King Faisal University (Basic and Applied Sciences)  Vol. 7No. 1 1427H (2006)

places and cyberspaces to carry out their activities related to goods and services
production, transportation and distribution in the pursuit of profits and business
growth, they created new cyber-pure firms to meet the demand for e-solutions,
networked and transformed large malls, and developed hybrid business strategy that
allows then to have presence in the urban places and cyberspace simultaneously.
Institutions are also gradually using the cyberspace as well as the face-to-face
interactions to carry out their human development and public services delivery
activities to achieve their public interest goals, in the process of which new e-
government strategy is emerging and public offices complexes are being
transformed and fitted with IT-infrastructure.

In conclusion, this paper has achieved its basic aims of proposing and applying
an approach for the analysis of Virtual DMAS. However, such claim cannot be
made about the suggested substantive relationship. For example, despite the use of
IT to initiate new processes with their supporting facilities in the form of e-
community, e-commerce and e-government, we are neither certain about the
durability and the pervasiveness of these processes, nor do we fully understand their
implications on the pattern of physical interactions by the actors or on the DMA.
These may be the subjects of future investigations.
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SCECO (www.sceco-east.com) and Saline Water Conversion Corporation
(www.swce.gov.sa); and some important Non-government organizations (NGOs)
such as Saudi Red Crescent Society (www.srcs.org.sa) and World Assembly of
Muslim Youth (www.wamy.org).

There is room for improvement to make public presence online more effective.
Currently the websites of most ministries merely present information about the
functions and the structure of the agencies. Most on the NGOs, on the other hand,
try to encourage interaction with the visitors to their websites. Many local
institutions have so far missed the opportunity to inform and educate residents and
potential tourists what DMA can offer with regards to improved living conditions,
business opportunities in the area, the range of services provided by the
municipalities and their vision for the future. To develop enlightened and
participatory urban actors, the website could include news, events and highlights
about the metropolis. For those who seek general and practical information, the
website could provide directory for important public and private agencies, range of
online services and application forms, as well as provide important official
documents online. Also important is the need to make the website design attractive,
easily navigable and with links to other relevant public and private agencies.

Generally it is clear that e-government in DMA is evolving gradually within the
general guidance of the central government using ad hoc plans, projects and
initiatives, so far without the benefit of an overall plan or strategy. While such a
grand strategy is slowly emerging, much work is needed to increase public
awareness regarding practical benefits of Internet technologies and their use in a
wide variety of e-solutions. A program is needed for adult training in IT skills,
somewhat similar to the Watani Schools Net Project, targeted to public servants and
the general public so as to match the pace of automation of public institutions.

Summary and conclusions

The paper has proposed approach to analysis of Virtual DMA using the Activity
Systems Model that views changes in both the virtual and actual spaces as a result of
the application of the digital technologies by residents, firms and institutions to
achieve the goals. It has been suggested that to achieve their socialization goals,
residents of DMA undertake a variety of social transactions, social development and
recreational activities using both face-to-face and cyberspace interactions which
have introduced new functions to the home and triggered changes in the
neighborhood where new facilities and new e-communities emerged, while gated
communities were given IT-mediated capabilities. As firms use both the urban

172



Scientific Journal of King Faisal University (Basic and Applied Sciences)  Vol. 7No. 1 1427H (2006)

the private and the public sectors display most recent IT advances of interest to
them. Second, there are national e-commerce (and e-government) conferences
and exhibitions organized by Saudi E-commerce Forum. These events cover a
wide range of e-government and industry specific topics including e-solutions
for many sectors such as health, education, transportation and manufacturing,
as well as for e-banking e-procurement and venture capital.

IT induced transformations in the DMA

Two types of transformations may be linked the increased IT-based activities in
the DMA. The first relate to physical changes resulting from the embedded
networked infrastructure and its use, while the second is concerned with the
emergence of complimentary cyber facilities and their effects of the physical
elements of the metropolis.

Physical Changes

Government complexes are located in various parts of the metropolis and the
form the hub for most public activities both in form of physical face-to-face
interactions and in IT-mediated exchanges and transactions. Thus, these complexes
are gradually connected by mean of IT infrastructure not only with each other but
also with the headquarters in Riyadh. While these complexes previously relied on
face-to-face interaction with public official, now however, thanks to the many IT
devices they have become hybrid public activities centers based mainly physical
face-to-face interactions with the local residents and firms. As more the IT-mediated
interactions increase, the importance of the complexes as places for physical
interactions is likely gradually decline.

Emerging Virtual DMA

The main purpose of the use of IT in the public sector is to advance the Public
Interest. This takes the form of the improved delivery of services to the citizens by
the public institutions, increase transparency and accountability in government,
regulate the behavior of the private sector in the delivery of services its customers,
increase citizen empowerment through information, and to improve the efficiency
and cost-effectiveness of government purchasing system. Recent investigations
reveal that many local public institutions have presence online. These institutions
include those in human development sector such as Directorate of Education
(www.edueast.gov.sa) and Dammam College of Technology
(www.dct.gotevot.edu.sa); health institutions such the Teaching hospital
(www.kfu.edu.sa/hospital.asp), and Public Health Department (www.alshha.net).
They also include utilities agencies such as Saudi Telecom (www.sct.com.sa),
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The other types of activities are those seeking to promote cyber activities, which
include IT knowledge diffusion (dissemination of information and development of
new IT skills), economic incentives (involve in the provision of favorable prices for
network services and other incentives), regulation and legislation (liberalization and
privatization of the telecommunication market and the various technical standards
utilized in cyber business transactions).

E-Government Initiatives

The government of Saudi Arabia has embarked on e-government initiatives as
means to promote its public interest goals. The initiatives that direct the activities of
public institutions consist of a number of components. The first component is in the
educational sector where the Ministry of Education has been increasing technology
adoption in all schools, spending more than US$ 150 million every year on IT
(Madar, 2003). Connected to this initiative is the Watani School Net Project through
which some 1,300-computer laboratories are being set up and also to train the same
number of computer teachers and install over 100,000 PCs in public secondary
schools. Backed by Crown Prince Abdullah, the project is to cost about US$ 27
million but it is expected to attract private investment of about US$ 2 billion. A
similar project is the GOVTEVOT Network Project in which a Wide Area Network
(WAN) is to connect most of the 17 General Organization for Technical Education
and Vocational Training (GOVTEVOT). The project involves the setup,
implementation, administration and support of the Internet. Together these two
projects are likely to ensure broader application of IT at work, home and at the
educational institutions for the overall good of the society.

The second component is the so-far uncoordinated attempt to ensure
government presence on online of about 60 percent of the 22 cabinet
ministries. The Saudi Arabian Information Resource- a public sponsored agency-
has been maintaining a mini portal for government, containing some 2000 web pages
(Madar 2003). Many of the websites contain useful and often updated information in
both Arabic and English, but most of them are not interactive and do not allow for the
inputs of the residents and firms in public policies and hardly have they been used to
advance e-commerce through e-procurement and similar incentives.

The third component is the role of major IT public events in the
encouragement of progress towards e-government. First, there are the local
annual IT exhibitions held at the Dhahran Exhibition Center and the exhibition
at the campus of King Fahad University of Petroleum and Minerals where both
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provision of IT manpower and implementing corporate Internet and Intranet
infrastructure.. There are other, such New Horizons and Executrain firms that
specialize in the training of software application and networking.

To sum up, we have explained how DMA firms, motivated by the need for
profits, are increasingly using IT to organize their activities both in the urban places
and in the cyberspace thereby changing existing facilities, creating new ones and
initiating new process and products all of are gradually transforming DMA

DMA Institutions: Their Goals, Activities and Development Impact

Similar to the DMA residents and firms, the public institutions are motivated by
the desire to promote the public interest as shaped by Islam values, and which in
turn influence their choices and activities both in the urban places and in the
cyberspace.

Goals of Institutions in DMA

The urban development activities of the public institutions of the central,
provincial and local governments are usually guided by public interest in both their
tangible and intangible forms. Some of these goals are sometimes explicitly stated
and vigorously pursued, however at other times they are implicit but still powerful
motive for urban activities. The tangible forms of the public interest may include the
provision of public goods and services that seek to promote general welfare, human
development, and environmental quality and to advance economic efficiency and
social equity. The intangible types may include regulatory measures that are
designed to ensure public security, safety and public order.

Institutional Activity Types and Means

To promote public interest in urban development process, many public
institutions of the central government, local authorities in DMA and the local non-
Government (NGOs) agencies have in various ways undertaken activities that have
directly or indirectly advanced the growth of the metropolis both physically and in
terms of cyber activities. There are generally two types of activities. There are those
that seek to establish and strengthen conducive urban environmental that enable all
urban actors to carry out their activities in the pursuit of their goals. Thus the
institutions interact with the residents both physically and where possible by means
IT devices to inform, educate, engage, and to solicit ideas. They also interact with
private sector to encourage economic investment, as well as to regulate and guide
their activities. The institutions also coordinate activities among the various public
service delivery agencies and those related to public-private partnerships.
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internal initiatives, Aramco is ensuring the increased use of the new technology in
the local community. The company has a good track record in this regard. For
example, it has sponsored 55,000 families for free Internet access at the same time it
supported the emergence of e-commerce by its insistence that all its suppliers have
to interact with it through the Internet (Madar, 2002). All these activities will
eventually translate in better e-commerce prospects but also into concrete cultural,
social and economic development in the DMA.

IT Induced Changes

The increased use of IT by almost all firms has led to a number of significant
changes ranging from those related to the physical elements of the DMA, to the goal
achieving strategies adopted by the established firms and to the creation of entirely
new firms for provide new e-business solutions. Let us examine a new of these
cases.

The first is the emergence of synergic and wired commercial complexes.
Rashed Mall, Fouad Center, Gulf Center and Giant Store are examples of new types
of development that encourage complex hybrid urban activities. Each of these
centers has a large footprint and has a wide range of activities such as retailing,
business, restaurants, sports facilities, entertainment facilities, simulated historical
scenes, zoos, electronic games and Internet Cafes. Within the same roof they
encompass activities similar to the Dammam and Al-Khobar Central Business
Districts. More importantly these centers are centers of cyber activities that takes
places not only in the Internet Cafes but also in most of the computer hardware and
software retail stores located in them.

The second type is the emergence of “click and mortar” or hybrid strategies
among some of the leading firms in the DMA. Established firms like Aramco, Al-
Rashed, Al-Gbosaibi and Zamil, to mention just a few, tend to exploit their physical
assets and capitalize on customer loyalty to use IT to make their traditional business
more efficient and to automate routine activities so as to shift their capable staff to
the more profitable aspects of e-commerce. These e-commerce strategies may take
many forms ranging from approaches with limited interaction between the physical
and virtual entities, to those where the two modes become inseparable.

The third indicator is the establishment on “cyber-pure” firms. They are new
firms whose activities are purely to meet the needs of the market created by the
activities in the cyberspace. GulfNet.com, Sahara.com and GuftZone.com are few
examples of DMA-based firms that provide Internet solutions, which include Web
design and hosting, domain name registration, set up of networking system,
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have been boosting internal efficiency and driving down costs through the use of
information technology. (Ingham, 2002)

The second indication of the prospects of e-commerce is the increased
realization of its significance to the private sector development in the era of
globalization. The financial sector may be the most advanced in the use of IT to
support its activity and this is reflected by the recent rapid growth of the ATM
banking services, speed cash and foreign exchange transactions outlets. In view of
the impact on both the physical and cyber developments of the DMA it would be
appropriate to use it to illustrate the potential influence of this sector.

All the major Saudi banks offer a varying degree of Telebanking products and
services, which have great benefits for both customers and the banks themselves. To
the customers it offers cost savings, time saving, safety of cash and convenience,
while to the banks the advantages appear in the form of savings in manpower, time
and office space and increased consumer confidence. Let’s take NCB (Al-Ahli) to
illustrate the range of services.

The Al-Ahli online and phone banking services provide an easy and secure
direct access to accounts at anytime and from anywhere in the world via the Internet
or WAP-enabled mobile phone. Al-Ahli Online (www.alahli.com) is available in
Arabic or English for added convenience to customers. Some of the products and
services offered the online and phone banking include the following services: online
transactions with multi-currency, account enquiries, credit card enquiries and
payment, investment fund enquiries and transactions, and utility bill payment. Other
services offered include the option to view up-to-date foreign exchange rates and
Deposit rates, view up-do-date Investment Prices, request for statement of account
by mail, request for cheque book, send email enquiries or instructions to the bank,
receive updates and inquiry responses through your email, register new accounts or
new beneficiaries, register new Saudi Electricity Company or Saudi
Telecommunications Company invoices.

The third indication is the positive role by semi-public Saudi Aramco in the
development of e-commerce. As the largest employer in the DMA, it has taken
positive steps to promote e-commerce environment both with the firm and among its
business partners. To enable this business environment, Saudi Aramco's IT strategy
seeks to create synergy between technology and human talent to excel and innovate
in all company endeavors (www.aramco.com). Value-added IT solutions that are
robust, reliable and scalable are embedded in the system so as to allow the creativity
of users to provide innovative business solutions from their work locations
anywhere, anytime, to increase their contributions to the company. In addition to its
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display and storage spaces resulting multimedia displays and the use of just-in-time
delivery systems. Furthermore, the decline in the number of employees translates into
a reduction of parking spaces. The non-physical changes include the more efficient
ways firms are managed, the improved productivity of the manufacturing sector, and
the increased efficiency of the IT-mediated activities in commerce, finance and
distribution of goods and services

Changes in Commercial Development

In an attempt to maximize the growth of their business and profits commercial
firms tend to cluster together, as a result the following patterns are emerging. In the
first place there is the growth of the Central Business Districts of Dammam and Al-
Khobar as areas of mixed residential, business and retail activities but also as centers
of electronic-mediated transactions. Second, is the emergence of Malls (such as
Waha Mall, Al-Khobar Mall, Rahamaniyah Mall) and larger super markets (such as
Tamimi, Fahad, Panda and Farm 9); and Exhibition places (such as Dhahran
Exhibition and Seef Expo Center in Al-Khobar) as important centers that depend on
IT. Third, is the growth of intensive IT use in the linear commercial streets within
cities (such as Sweket and Khaled Streets in Al-Khobar) and the largely wholesale
and warehousing activities along the highways connecting the cities (such as
Khobar-Dammam Highway and Dammam-Dhahran Highway).

Increased Prospects for E-Commercial

The increasing widespread and intense use of IT tends to blur the
boundaries between the various sectors of the new economy, yet the
commercial sector appear to stand out due to its great appetite for IT. Since this
sector tends to exert the most influence on urban development it seem
appropriate to explore the prospects for e-commerce in the DMA for which
there are many indicators.

The first indicators for high potentials for e-commerce include the planned
public spending of about $5 billion by 2008 to establish e-government, a plan that
will likely boot e-commerce (Madar 2003). In addition to this are the official
enthusiasm and optimism that led to the support by the Ministry of Interior for
Microsoft to build the “Saudi gateway” which will be a public web portal. To some
extent this optimism is reflected by the views of the managing director of National
Information Systems who forecasted that IT could become Saudi Arabia’s largest
industrial sector after oil and gas by 2020 (Ingham, 2002). This official optimism is
reflected by the private’s two giants SABIC and Aramco whose representatives
informed the audience at an e-Commerce seminar in Riyadh in May 2002 that they
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DMA Firms: their Goals, Activities and Development Impacts
Firms’ Profit-making Goals

As indicated in the model, private firms are usually motivated by profit making
and need for business growth in the pursuit of their business activities. These
business goals are sometimes explicitly stated or they remain implicit but they are
always vigorously pursued, usually within the bounds of Islam. In many complex
ways this goals direct and shape choices and decisions by firms both in terms of
their daily and long-range activities. Decisions on the location of a retail store, a
factory, a warehouse or which type of IT device or software to use in order to
increase productivity are always shaped by the need to maximize profit and business
growth. The implementation of these decisions tends to affect not only the physical
development of the DMA but also its embedded IT infrastructure.

Urban Activities and IT Use

In the pursuit of their mainly economic goals, DMA firms undertake three broad
categories of activities, namely goods production, distribution and provision of
services to other urban actors. The goods production activities include extraction or
mining of raw materials including crude oil, agricultural production and processing,
construction of buildings and urban infrastructure networks and facilities.
Distribution activities include transportation, retail trade, wholesale, and
warehousing, while services activity types relate to businesses such as banking,
insurance, real-estate- and other services in agriculture, education, health,
engineering, law, recreation, as well providing computer solutions such as factory
control, software design, web design, and just-in-time inventory.

The means for undertaking these activities, and which directly affect the nature
of urban development, are physical contact and electronic-mediated. The physical
means are mainly the traditional place-based face-to-face interactions, while the
electronic means include capacity data transmission systems, the Internet, Intranet,
e-mail, fax, video, fixed line telephone and mobile devices frequently used in the
distribution service. While residents tend to prefer ubiquitous mobile phones, firms
tend to prefer the high-speed digital transmission system more.

Changing Pattern of Firms’ Activities

The spatial and cyber activities by the DMA firms have influenced the pattern of
commercial development, increased the opportunity for the emergence of e-
commerce and has triggered some notable IT-induced changes. The place-based
changes include the new opportunities to decentralize activities for institutions and
firms, greater prospects to offer services to customers from afar, a reduction of
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alternative is gradually emerging. Many young people, especially among college
students and those who live in the digitally connected areas or who can afford to pay
Internet Café fees, may be active members of overlapping e-groups many of whom
behave like normal communities but whose members may be living in cities across
the globe. On April 1, 2004 Yahoo e-groups (www.groups.yahho.com) listed 69,
33 and 43 e-groups in Dammam, Al-Khobar and Dhahran respectively. In
conformity with the local culture, many of the Internet Cafes are designated for
ladies only.

An important development is the emergence of a number of new IT facilities
that encourage increased tempo of cyber activities in the neighborhoods of DMA.
The first of these are new facilities for the sale and servicing of computers, including
Internet services. According to Bu-Ali (2001) some 56 such facilities were surveyed
in Dammam (along the CBD section of King Fahad Street) and 21 in Al-Khobar
(clustered along King Fahad Road and some of the malls). The second new facility
types are the Internet Café that are dispersed mainly the more densely populated
areas of Dammam and Al-Khobar, with 24 and 31 facilities respectively in 2003.
The third types are the Call Cabins, the number that is increasing despite the growth
in the number and use of competing facilities such as Internet café and mobile shops
that sell not only mobile sets but also many types of digital cards. The fourth new
facility is the fixed and mobile phone outlet, the number and use of which are
steadily increasing

Transformation of Some Large Urban Complexes in the DMA

Many large urban complexes in DMA that had for a long time functioned as
residential entities, were transformed into centers for cyber activities as soon as the
IT infrastructure is embedded in them. Many gated communities in the DMA such
as the Aramco compound, the campus of the King Fahad University of Petroleum
and Minerals and the many private compounds such Oasis, Jadawel and al-Rashed
tended to acquire additional functions as soon as they became connected to World
Wide Web of the Internet.

In many respects these communities are different from the nearby residential
areas in Thugbar, Subaikha and Dawasser not only in their electronic connection and
higher use of the diverse IT devices, but also in other community characteristics
such as level of density, income level, education level and quality of physical design.
In this way, the IT is helping to accentuate the polarization of the DMA spatial
structure.
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Internet, use e-mail, surf the cyberspace, organize video conferencing and participate
in many online social, educational, commercial and recreational activities. Through
the networked system many home appliances like fridge, TV, video recorder are
increasingly being manipulated from a distance.

These new advances in IT seem to offer new opportunities for the two largest
groups among the DMA population: the women and the youth. Activity-centered
home offers women more opportunities for more participation in the labor force in
ways that are in conformity with local tradition and culture. On the other hand the
need for child-rearing and the increased ability to set up home-based businesses are
other forces that may be exerting changes in the function of the home. Considering
the claim that over $100 billion belonging to Saudi women remain inactive in the
banks, and the increasing use of the Internet by Saudi women as reported by Al-
Sharq Al-Awsat of October 7, 2001, the potentials for ladies home-based business
are tremendous. This is especially so if advantage is taken of the many possible
roles of the home as a center for shopping/financial transactions, information
gathering, learning and for communication not only for strengthening social ties but
also engaging in the world of business, art and culture both close to home and afar. It
is through these interactions that households can have everlasting affects both on the
social and physical characteristics of their homes, neighborhoods and cities, such as
DMA. Similarly, for the DMA youth, the activity-centered home offers the
opportunity for educational advancement, learning new skills, use of diverse
entertainment devices, interacting with diverse types of e-groups.

The Emergence of E-communities with the Neighborhoods

The DMA consists of distinct neighborhood like Dawasser, Dana, Rakah,
Subeiha and others. They all have some distinguishing characteristics, which may
include the presence of local public facilities, well designed, interesting and
engaging streets, lively service shops that serve both economic and social functions,
and public places as realm for social interaction. Each neighborhood derives special
recognition, general agreement on a name for that part of the city, an effective
organization of residents, a network of social acquaintances, a cluster of like-minded
people, a service area of a facility such as mosque or a school, or a clearly bounded
geographical area. Such an area also is distinct, imageable, manageable and
containing a group of residents who generally share many common interests.

The intrusion of IT in everyday life of the community tends to trigger a process
of change in which virtual community is added to a physical unit. In most of the
DMA neighborhood physical activities and face-to-face interactions still remain the
dominant form of effecting changes in urban places, however, e-community
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performed using any of the IT tools. For example some self-sustaining activities
such as cooking, eating, sleeping, and feeding babies cannot be carried out in the
cyberspace, although searching and obtaining information on how to improve them
can. Second, there are circumstances that limit the ability of a large proportion of the
DMA residents in the use of the IT option, and these include affordability, lack of
skills, lack or inadequate IT infrastructure at convenient places (such as homes,
neighborhoods or workplaces). Many efforts are, however, underway to reduce the
effects of some of these constraints. First, there is the global effort to increase-
through the market mechanisms- the productivity and efficiency of the firms
producing IT devices the prices of some of which are said to fall by about half every
eighteen months (US Commerce Dept, 2000). Second there are the efforts the Saudi
Government to develop skills among school children through Watani Project for
example, and the efforts to improve manpower skills by private IT training firms
such New Horizons, al-Alamia, and Executrain.

Pattern of Virtual Activities by the Residents

The increased use of IT by the residents of the DMA has contributed to
noticeable developments in the homes, the neighborhoods and in some large urban
complexes in the DMA. We shall review these changes highlighting specific
examples where possible.

Changes in the Home- From Living Space to Activity Center

The frequent use of IT tools in the homes seems to be transforming it from a
living space to an activity center. The living space concept, according to Venkatesh
and Mazumdar (1999) conceives the home as consisting of three components. The
first is the social space which composes of four main elements: the members of the
household, the socio-economic activities performed by them in the home; the time
spent on those activities; and the interactions between the members of the family.
The second is physical space, which comprises of the physical layout of the home
and its constituent parts (kitchen, bedrooms, bathrooms etc). The third is the
technological space, consisting of the household technologies (such as cables, PCs,
fax machine, TV, videos, wired and wireless phones) that are embedded in the
physical space and used by the members of the family as part of the social space.
These spaces tend to change to reflect the pattern of activity but the physical space,
unlike the social space, changes less often and it more concerned with the location
and sequence of activity spaces.

The home as a living space gets transformed into an activity center as a result of
changes in the household technologies from stand-alone to full pledged networked
devices. Thus the networked PCs make it possible for the household to access the
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Activity Types

Citizens Use IT for
. Socialization (interaction &
exchange with family,
friends)
. Social development (new
skill, education, news
. Recreation (passive &
active)

Activity Goals Means Outcomes
Firms Use IT for
Residents’ Physical Actual
socializing goals . Goods producing (mining, Interactions DMA
construction, processing,
transportation, distribution).
Firms profit . . ?
goals . ’Serv1ces provision
(in commerce, finance,
Institations” :iu;:atlon, health, tourism, Information Virtual
public interest ’ Technology DMA
goals

Institutions Use IT for
. Human development
(health, education, recreation,
etc)
. Public Services provision
(utilities, social security, ..)
. Governance

Figure 3: Conceptual Framework for Analyzing Virtual Dammam Metropolitan Area

The means for undertaking these activities have traditionally been based on
place-based interactions, now the many and diverse IT tools are offering an
alternative means of interactions. The Internet, e-mail, files transfer protocol, video,
fax, mobile phone devices are among the most commonly used TI tools in the DMA
to participate in cyberspace activities. There are many indications that many

residents use both the urban places and cyberspaces.

There constraints that limit residents’ ability to use the cyberspace in the same
way they use urban places for their daily activities. First, some activities cannot be
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Residents’ Activities and Means

The residents’ goals identified above tend to influence the types of activities
pursued by them. The self-sustaining activities, for example, include those related to
eating, drinking and sleeping. Socializing activities are those related to the social
exchanges and interactions among family members, friends and neighbors. Social
development activities are related to education and training such as schooling,
continuing education, learning new skills, follow-up of new advances in education
and may include managing personal business, office work, government interactions
follow-up, business follow-up and charity-work. Recreational activities may be
active (sports, games, shopping) or passive (playing chess, cards, and electronic
games) in nature.
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development and recreation, which in turn trigger secondary of subsidiary
activities. Firms undertake three broad categories of activities, namely goods
production, distribution and provision of services to other urban actors, while
institutions generally carry out public investments, coordinative and regulatory
activities that are essential for the functioning of urban socio-economic life.

Activity Outcomes: are the cumulative effects on urban places and cyberspaces
of the activities by the three main urban actors. Thus intense urban commercial
activities in close proximity created the Central Business District, while down town
development is created by high-density residential and cultural activities. If, on the
other hand the activities are undertaken by means of emerging IT tools, this
increases the importance of the cyberspace and that in turn trigger changes on urban
spatial development. The exact nature of the impacts these changes on urban spatial
structure are still unclear, but some researchers suggest complex simultaneous dual
activities whereby activities in the cyberspace tend to either substitutive,
enhancement, complimentary or integrative with those activities in the urban places.

DMA Residents: their Goals, Activities and Development Impacts

Residential activities play an important role in shaping the growth and image of
the city. These goals-directed activities have been based on face-to-face interactions
in urban places to achieve the desired social and economic objectives of the
individuals and the households. However, the activities are increasingly being
carried out using the various IT tools, especially since the recent introduction of the
Internet and mobile phones, which seems to have led to the emergence of networked
homes in certain areas of the DMA.

Goals of DMA Residents

The normal daily activities of the DMA residents may be motivated by self-
sustaining, socializing, personal development and recreation goals (Benna 2001).
These goals that are shaped by Islamic value system appear in many forms, for
example, the self-sustaining goals are those essential to the sustenance of life and
balanced urban existence such as eating, drinking, relaxing and sleeping.
Socializing goals appear in the urge to build and maintain social support system
among family members, friends and neighbors. Personal development goals are
reflected by the need to improve intellectual and emotional capability so as to be full
and responsible member of the community. The recreational goals reflect the need
for entertainment and relaxation in a suitable environment.
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the wider society, especially the problems of the poor who might be excluded or
marginalized from the benefits of IT-induced development. Thus a blend of these
models may prove to be a better option.

On the basis of the value-laden “‘continuity-with-change” approach, the Activity
Systems model that seems to strike the right accord not only with the Saudi society
but also with those societies that want to apply the advanced technologies and yet
hold dear their traditional/religious values. Central to this model, and the source of
its greatest appeal, is its explicit assumption that the values of the society are the
major forces for all major public decisions and actions on the development at the
various levels. It also places great emphasis on the role of the forces of human
agency, whether in the form of individuals, social groups, in the various types of
firms, or in institutional settings. The model, however, needs to be modified to
recognize the reality of urban activities being carried out by the means of physical
interaction and/or by means of IT tools. The next section suggests this modification
and proposes how the new version of the model may be applied to the analysis of
DMA.

The Activity Systems Model Applied to DMA :

The revised Activity Systems Model sees the major urban actors —namely
residents, firms and institutions- as the dominant shapers of urban development
through their daily activities. These activities tend to influence the urban physical
development if they are accomplished by means of face-to-face interactions. On the
other hand, if the activities are carried out by means of the IT, they tend to affect the
pattern of activities in the cyberspace. As shown in Figure 1, the model suggests a
dynamic relationship between its four main components: goals of the main urban
actors, their activities, the means of carrying out the activities and the resultant
patterns of development, which will now be defined.

Goals: are value-derived motivators for the activities of key urban residents,
firms and institutions. Sometimes expressed as objectives or aims in qualitative and
quantitative targets, the social, economic and management goals tend to guide the
decision and actions of urban actors.

Activity Types and Means: urban activities are the complex goal-directed
actions undertaken by residents, firms and institutions and they may be carried
out by means of personal presence in the traditional urban places or in the new
electronically created virtual spaces by means of such tools as the Internet,
Intranet, e-mail, fax, video, fixed and mobile phones. The primary activities of
the residents may be categorized as self-sustaining, socializing, personal
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development or the pattern of spatial or non-spatial development is the focus of
research effort.

The model, however, fails to admit that even in the most technologically
advanced societies with a much higher application of IT as means of urban
activities, most of these activities are still accomplished by mean of face-to-face or
physical contact. Thus, by far the highest proportion of activities takes place both in
the urban places and in the cyberspaces.

Evaluation of the Models for Use in the Analysis of DMA

The suitability of any of these models for the study of the relationship between
urban places and electronic spaces in the kingdom depends on its degree of
flexibility to incorporate Saudi value system and its ability to accept changing levels
of IT penetration into the society in which the access to the Internet, as the leading
IT tool, became available only in 1999.

It seems clear that each of these models has a different way of viewing the city
and has different implications to the wider issue regarding ways in which social
systems and IT relate to urban activities. The merits and the different qualities of
these models suggest to carefully assess their suitability for the purpose of the
analysis of Virtual DMA.

The technological determinism and utopianism/futurism models are clearly
unacceptable candidates in this case for a number of reasons. First, although they
may be useful in highlighting the broad, macro-level historical urban changes, they
over simplify the complex interaction between cities and IT. Second, they seem to
ignore the vital social and political processes through which technologies are
actually adopted and adapted within cities and societies in the developing world.
Third, utopianism/ futurism model is biased towards the interests of the
multinational firms or local decision-makers who would benefit materially from
related contracts. Finally, the models seem to leave little scope for policy making at
the local and national levels that would affect the IT-mediated development of the
city. Thus, the worldview of these models is counter to the cautious and Islamic-
derived approach to development pursued by Saudi Arabia.

Given this Saudi approach to development, it seems clear that the urban political
economy and social constructivism approaches hold greater promise, although each
has its own problems. For example, the urban economy model seems to exaggerate
the effects capitalist structures have on the IT but downplays the effects of social
processes on these technologies. The social constructivism model, on the other hand,
seems to focus more on the role of the elites and neglect the potential imbalance in
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As a result, according to the critics of these approaches suggest that IT are used
to support capitalist restructuring of cities, nations and the world. Some suggest that
this has led to exploitation, control and surveillance of groups of workers and
consumers in distant locations, as well as to the easy management of all information
(Slack, 1987). Others argue that IT induced changes may not lead to an ironing out
of geographic differences, but are modified to support more efficiently new styles of
production and consumptions and to meet the needs of influential agencies (Martin
1991).

Social and Political Construction of Technology

This group of ideas emerged as a result of the rejection of technological
determinism by some researchers. The social constructivists that advocate for these
ideas see technology, not as an external force, but as inextricably part of society.
These researchers stress the degree to which space becomes a tool for political and
social processes that can shape the ways in which IT are produced and used within
cities and within wider society. Thus the purpose of research, according this
tradition, is to understand how technology and its uses are socially and politically
“constructed”, over time, through complex processes of interactions by agencies and
individuals (Guthrie, 1991).

The implication of this approach is that it is difficult to identify a single
technological “cause” and equally hard to define a single, all-embracing impact of
IT on cities or systems of cities. Rather, the implication is that the ways in which IT
relate to changes in and between cities is likely to vary in time and space in many
complex ways. Some suggest that IT uses are now so closely interwoven with
humans and social life that a new “cyborg” culture emerges where human beings are
intimately linked into webs of digital technologies at every level (Gregory, 1994 and
Mitchell, 1995).

Activity Systems Model

Building on the work of Chapin and Keiser (1979), Benna (2001) proposed a
schema for the analysis of Virtual Dammam Metropolitan Area. The simplest form
of the model assumes that motivated by societal values, goals or specific objectives,
the various activity agents or actors (individuals, households, firms and institutions),
tend to take decisions or actions by means of physical or IT interactions that follow
a defined behavior sequence that culminates in spatial and non-spatial development
(i.e., Goals = Actions = Development). From this simple form, the model was
modified for use whenever the identification of the socio-cultural variables of

156



Scientific Journal of King Faisal University (Basic and Applied Sciences)  Vol. 7No. 1 1427H (2006)

sense, and in a direct and linear way, machines and technologies are viewed to arise
and evolve in a different realm to alter the world (Thrift, 1993). The effects of this
model are many and far reaching, as suggested by Graham and Marvin (1996: 83):
“The decentralization, or even dissolution, of cities, the free availability of highly
capable communications in all locations; the shift towards city economies based on
information; the growth of a culture based on tele-interactions; the shift to an
‘immaterial’ urban life; the growth of telecommuting — all will be shaped by new
innovations in IT in a deterministic and inevitable fashion.”

Utopianism-Futurism

Many researches are forecasting on the effects of the recent advances in, and the
use of, computing, media and telecom technologies upon the future of cities. These
people generally have an optimistic view of the future impacts of telecom on cities
and urban life. The electronic networks and spaces are speculated to have quite
positive effects on city’s physical development and on urban life, so that where
externalities arise, they too may be solved through new technologies (Eubanks,
1994).

The concepts of futurism and utopianism have been used by many scholars in
the search for radically better and new forms of social life. Their efforts have also
tended to highlight the negative aspects of industrial cities. Since Ebenezer Howard
and F. L. Wright, these activists abhor pollution, overcrowding, moral laxity and
social disintegration in these cities and to them technology had always offered the
key to unlocking these problems. Continuing this trend, the utopian thinking
perceive the power of IT as offering a solution to these perceived issues in various
ways such as toward smaller communities (Gold, 1990), electronic cottage — a
household that becomes the locus of employment, production, leisure and
consumption (Toffler, 1981), intelligent city — in which electronic homes are linked
in a citywide system of intelligent networks as new ways of managing and
organizing urban life (Toth, 1990).

Dystopian/Urban Political Economy

Another approach is the dystopian/urban political economy model, which stress
is placed on the ways in which the development and application of IT technologies
are fully embedded into the political, economic and social relations of capitalism.
This suggests that city-IT relations — both within and between cities- can best be
understood within the broader context of political, economic, social and cultural
relations. Thus IT are biased, not neutral in their social and spatial effects, as they
can be designed to serve certain special interests (McNiel, 1991).
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advantage through its investment in IT infrastructure so as to attract small and
medium enterprises as the key engine of growth. Fourth, it uses investments in IT
infrastructure to shift jobs and populations to the desired locations. Fifth, the
government uses [T for interaction with residents, conduct business, promote
commerce, reduce traffic and increase efficiency (McCurtis, 2003 and Graham and
Mervin 2002).

The basic aim of this paper, therefore, is to explore relevant approaches for the
analysis and the implications of the application of IT in cities and propose one that
can be used in the context of Saudi Arabia. Using DMA as a case study, the paper
suggests an approach appropriate for the analysis of the activities of the residents,
firms and institutions as key agents in urban places and in cyberspace, and the
impact of these activities on the physical cities. The DMA is neither the largest nor
politically the most important city in the kingdom, but it is probably the fastest
growing being the center of oil production, the seat of the largest oil firm in the
world and housing many technologically oriented higher institutions of learning.

The methodology used here includes the review of international and local
literature to identify the relevant theoretical concepts and issues as well as the various
strategies employed to resolve them. Field observations of major physical
development and reviews and analysis of the contents of relevant websites were the
methods used to define the emerging development trends in the DMA.

Literature Review of the Relationship Between IT and the City

Many researchers have proposed a wide variety of competing models for
analysis of the relationship between the use of IT and urban development. Most of
the differences may be due to ideological and theoretical emphasis and the reflection
of the social and physical science background of the researchers themselves. We
shall briefly discuss a selection of the dominant models so as to illustrate the range
of alternative approaches, suggesting that this new field of research is quite open
without a generally accepted consensus. The review includes variants from the
techno-determinism, the utopianism-futurism, dystopian/political economy, and
socio-political construction of technology models and will help us in determining
the suitability of each of them for use in the analysis of the relationship between
DMA and the application of IT technologies in the metropolis.

Technological Determinism:
There are many variations to these models, but the central idea is that the new
telecom technologies are seen as directly causing urban change. In its broadest
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An Approach to the Analysis of
Virtual Metropolitan Dammam

Umar G. Benna and Fahad N. Al-Harigi

Department of Urban and Regional Planning
College of Architecture and Planning, King Faisal University
Dammam, Saudi Arabia

Abstract:

The paper seeks to set out a suitable approach to the analysis of the emerging
“virtual cities” by examining activities in virtual space by three groups of urban activity
agents in the Dammam Metropolitan Area (DMA). Using current literature, the paper
reviews the development of IT in cities and models for the analysis of the relationship of
IT to urban spatial structure. Based on the review of models, the Activity Systems
Model is chosen to explore how virtual DMA could be analyzed using available
information.

Keywords:
Virtual Dammam Metropolitan Area, Information Technology, Activity System, and Urban
Development.

Introduction:

The convergence of computing, telecommunication and multimedia
technologies has led to the emergence of Information Technologies (IT) as a cluster
of these technologies (Graham and Marvin 1996:15). In this paper, IT is similar to
the concept of Information and Communications Technologies (ICT) that includes
not only the infrastructure but also the management processes of these converging
technologies. Specially important is that the application of IT has also led to the
evolution of the concept of virtual or cyber space, whereby city residents, firms and
institutions are able to interact and carry out activities using the I'T medium, without
actually interacting with the physical city. The implication of this development to
the planning and management of cities has made it an important research issue,
focused on understanding the phenomena, and its implication for city planning and
management.

To its advocate activities in the cyber or virtual city have some advantages over
actual city. First, its e-commerce generates wealth but avoids traffic congestions and
pollution. Second, the city encourages social equity by allowing access to goods,
jobs, services and wealth as the right of all citizens. Third, it exploits competitive
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e The plan form does not have a direct impact on the vertical viewing angle. It
has effect on other physical parameters like number of rows, distance of
first row from focal point, etc. These parameters could affect the vertical
viewing angles.

e The rows' geometry (curved or straight) has strong impact on the horizontal
viewing angles and has a very small impact on the vertical viewing angles.

e The seating format (staggered or non-staggered) has strong impact on the
vertical viewing angles and it has no effect on the horizontal viewing
angles.

e Audience to stage relationship affects stage visibility. Central stage has the
worst average and standard deviation while the end stage gives the best
average and standard deviation.

e With the exception of the central stage, audience to stage relationship does
not affect the horizontal viewing angles.

e Straight rows give better horizontal viewing angles than the curved rows.

e The non-staggered seating arrangement gives smaller vertical viewing
angles this has a flattening effect on the floor dish.

e Curved rows give a better stage visibility than the straight.

e Basic plan format has a great impact on the stage visibility and the viewing
distance.
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angles between the straight and the curved rows. Also it is obvious that the
seating format ( normal — staggered) does not have effect on the horizontal
viewing angles.

¢ Viewing distance: The straight rows tends to have a longer viewing distance
especially at the rear rows. The seating geometry (curved or straight) has a
strong impact on the viewing distance. While the seating format (staggered or
non-staggered) does not affect the viewing distance.

Conclusion
Table 6 summaries the concluded relationship between design factors and the
different visual aspects.

Table (6)
Concluded relation between design factors and evaluation aspects

> & .%D
z 3T 5 =
i § g E Lm) % [}
g & 5228
2 T> >< O®n
Auditorium basic plan fromat L L
Rows format. (Staggered — non-staggered) @ L
Rows geometry (Straight — curved) @ @
Audience to stage relationship ) () ()

Strong impact e
Small effect
No effect

The following comments are concluded out of table 6:

e Stage visibility is a very sensitive aspect. Each one of the design factors has
strong impact on it.

e The vertical viewing angles are affected by the rows format, the rows
geometry and audience to stage relationship.

e The horizontal viewing angles are affected by the stage format and the rows
geometry.

e The viewing distance is affected by the basic plan format and the
relationship between the seating are and the stage.
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Table (5)

Average values of visual evaluation data and their corresponding standard
deviation for different seating formats

Stage visible percent

Vertical viewing

Horizontal viewing

Distance from focal

angle angle point
Average Standard Average Standard Average Standard Average Standard
deviation deviation deviation deviation
1-Straight Normal 95.95% 2.62 9.99° 3.75 14.81° 11.24 8.83m 3.45
2-Straight Staggered | 74.93% 12.35 5.56° 1.85 14.30° 10.78 8.71 m 3.36
3-Curved Normal 84.84% 12.60 8.88° 3.51 6.82° 6.13 9.09 m 3.22
4-Curved Staggered | 80.37% 10.80 4.95° 1.74 6.65° 5.90 8.96 m 3.13
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Figure 15. Visual qualities for different seating formats and row’s geometries.

Both table 5 and figure 15 shows the following points:
e Stage visibility: There is no significant difference between the curved rows
and the straight rows if they have a non staggered seating format. For the
staggered seating format, the chart shows that the curved rows improve the
average stage visible percentage. It could be concluded that rows’ format
(staggered or non staggered) has strong impact on the average visible

percentage of the stage.

e Vertical viewing angles: There is no difference between the straight and the
curved rows. The curves of the non-staggered format are higher than the

curves of the staggered formats, which is logic.

¢ Horizontal viewing angles: There is big difference in the horizontal viewing
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a. Straight non-staggered rows. b. Straight staggered rows.

c. Curved non-staggered rows d. Curved staggered rows

Figure 14. Plans of selected seating formats and row’s geometries.

Evaluating Seating Arrangement effect:

The next case studies present different seating formats and row’s geometries
for the conventional seating arrangements. They all have the next design
features:

Total seating area: 135 m?

Total stage area: 50 m?

Stage format: Proscenium stage.
Rows format: Conventional.
Length to width ratios: 1: 1.5

The visual conditions for each seat within the previous four cases were tested.
Table 5 and figure 15 presents the average of the measured values for the
visual evaluation aspects:
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Figure 13. Visual qualities of different stage formats.

e Viewing distance: The central stage has the smallest average viewing
distance and the smallest standard deviation. The four other cases have a
very near averages and standard deviation. It could be concluded that some
of the audience to stage relationships affect the viewing distance but most of
them have no effect.
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Table (4)

Average values of visual evaluation data and their corresponding standard
deviation for different stage formats

Stage visible Vertical viewing Horizontal Distance from
percent angle viewing angle focal point

A Standard A Standard A Standard A Standard

VErage | deviation VETaEC | deviation VErage | deviation VErage | deviation
Proscenium | 95.98% 2.60 10.06° 3.94 14.65° 11.13 8.97m 3.53
central 92.04% 8.78 5.81° 1.37 23.94° 14.87 581 m 1.34
End stage 99.30% 2.39 13.25° 5.07 19.49° 15.03 8.08 m 3.04
apron 96.97% 2.87 11.90° 4.52 15.50° 12.28 8.95m 3.47
extended 93.12% 3.49 8.95° 1.28 10.11° 6.50 8.95m 1.94

The following points could be concluded from table 3 and figure 12:
e Stage visibility: Both central stage and extended one have unexpected

obstructed sight lines. This happened because of the position of the focal
point and its relation to the total area of the stage. The proscenium stage and
end stage give the best average visible percentage. The standard deviation
for both of them also is very good in comparison to the other cases. From
the table and the figure, it is concluded that the stage format has strong
impact on the stage visibility to the audience.

e Vertical viewing angles: There is a very small difference in the average of

the vertical angle between the extended, apron and end stage. The central
stage has the best angles and the best standard deviation. The central stage
has the smallest vertical viewing angles and the smallest standard deviation.
This is because of the nature of this type of stage format, where most of the
audience is very near to the stage. This leads us to conclude that some of the
stage formats have a very strong impact on the average vertical viewing
angle.

e Horizontal viewing angles: There is big difference in both the averages and

the standard deviations. The extended stage has the smallest angle and the
best standard deviation while the central stage has the biggest average angle
and the biggest standard deviation. It is clear that the stage format has a very
strong impact on the viewing angles.
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b. End stage.

d. Proscenium.

c. Central Stage.

N

e. Extended.

Figure 12. The Selected plan forms to test the stage format impact on the auditorium
performance.

The five cases were tested to investigate the effect of the different audience
to stage relationship on the visual conditions. Table 4 and figure 13 present the

averages of the evaluation results.
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The following points could be concluded from table 3:

Stage visibility: The horseshoe and the hexagonal shapes give a better
average visual percentage. This is because most of their audience
populations are concentrated in the middle part of the hall. In the rectangle
case, the populations are distributed equally on the hall. In the fan shape
most of the audience population lies in the rear rows.

Vertical viewing angles: There is a very small difference in the average of
the vertical angle between the four tested cases. Also the standard
deviations for the four cases are very similar. This lead us to conclude that
the form does not have any effect on the viewing vertical angle.

Horizontal viewing angles: There is a small difference between the four
cases, The different distances between the first row and the focal point for
each case cause this difference. The fan shape has a bigger difference in the
angle in each row. This is because of the long rows that created by the fan
shape. The hexagonal shape has the best standard deviation. This is
because the majority of the audiences are concentrated in the middle of the
hall. This creates smaller and more homogeneous viewing angles. The fan
shape has the biggest average, which are not as good as the other cases. In
addition, it has the biggest standard deviation, which implies that it has the
biggest extremes as well.

Viewing distance: that the difference between the average distances is less
than 1.5 meter which is not significant difference. As a result, one can say
that the form does not affect viewing distance.

Evaluating Stage Format Impact:

Figure 12 illustrates the selected basic stage formats to investigate the

audience to stage relationship effect on the auditorium performance. They all
have the same next design features:

a. Total seating area: 135 m?

b. Total stage area: 50 m?

c. Stage format: Proscenium stage.
d. Row's geometry: Straight rows.

e. Rows format: Conventional.

f. Seating arrangement: Non Staggered.

g. Length to width ratios: 1: 1.5
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Figure 11. Selected plan formats to evaluate visual conditions.
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Three aspects were investigated to evaluate the visual comfort. Stage
visibility to every member of the audience, viewing angles to focal point and
viewing distance. It should be noted that All the cases are designed up to the
standard. This means that every seat in all the tested cases has clear sight lines
to the selected focal point. This focal point lies on the stage surface (1.1 meter
from the ground level of the first row) at 1.0 meter back from the stage edge.
Table 3 presents the averages and the standard deviations for the evaluated

cases.

Table (3)

Average values of visual evaluation data and their corresponding standard
deviation for different plan forms:

Location

Stage visible

Vertical viewing

Horizontal
viewing angle

Distance from
focal point

of percent (%) angle (Degree) (Degree) (meter)
Audience Average Star}dgrd Average Stapdgrd Average Star}da}rd Average Star}dgrd
deviation deviation deviation deviation
Rectangle 98.47 2.17 8.98 4.98 6.73 6.10 9.20 3.29
Horseshoe | 83.37 6.86 8.32 3.28 8.27 6.03 8.40 3.29
Fan 99.05 1.58 10.86 4.07 9.78 7.55 9.40 3.50
Hexagonal | 73.84 13.35 9.48 3.46 4.95 4.03 9.99 3.45
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A computer program applied on several design solutions. These solutions
cover all the changes in the design parameters. The solutions divided into sets
of design. Every set designed to test the impact of only one design parameter.
Each case of these sets demonstrates one state of this parameter. The
evaluation results of this case represent the impact of that parameter on the
performance. The parameters represented in this scheme are:

1) Basic plan form: Rectangle, Square, Fan, Hexagonal, Horseshoe, circle.

2) Audience to stage relationship: Proscenium, Apron, Central, Extended, End
stage.

3) Seating geometry: straight rows, curved rows and seating format: normal
seating, staggered seating.

The measured evaluation aspects of performance are:

e The stage area percentage visible to the seated person.

e Horizontal angle subtended between of the seated person’s eye to the focal
point of the stage.

e Vertical angle between the eye of the seated person and the focal point of
the stage.

e Viewing distance between the eye of the seated person and the focal point
of the stage.

Evaluating Auditorium Form Impact on the Viewing Conditions:

The basic plan formats shown in figure 11 were selected to investigate the
form impact on the auditorium performance. Both circular and square shapes
were excluded for geometrical reasons. All tested cases have the following
design features:

Total seating area: 135 m2

Total stage area: 50 m2

Stage format: Proscenium stage.
Row's geometry: Curved rows.
Rows format: Conventional.
Seating arrangement: Non Staggered.
Length to width ratios: 1: 1.5
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Evaluating Design Parameters impact on visual Quality:
A full design scheme suggested in Table 2 to investigate the direct impact
of the design physical parameters on the auditorium performance. This section
investigates the impact of some of these parameters on the audience-space
interaction quality. The data of the full population of this scheme, which the
study was, depend on, is too large to be included.

Table (2)
A full design schemes for the evaluation aspects verses design parameters:

Evaluation Aspects

Evacuation Acoustics Vision
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Sight lines clearance: Traditionally, seating rack is deigned in section to allow
every spectator to see a design focal point. But, this does not mean that every
spectator within the hall will have the same clear sightlines. Also, it does not
mean that the spectator will have this clear sightlines to all the stage area.
Figure 10 illustrates the spectators’ sightlines in section.

Visual Limits: In live shows, performers must be seen to satisfy the audience.
Maximum distance from the stage should be limited by the eye capability.
Theatres planned to house drama performances must have a depth not over
22.5 meter to allow detail of facial expression and small gesture to be seen.
Grand opera and dance halls where broad gestures by single individuals are the
minimum to be seen must have a depth of 37.5 meter. (Shehata, 1988).

Main Visual Measures:

Several aspects could be used to judge the visual quality of certain seat
within any hall. The following factors are the objective ones:

e The percentage of the stage lattice at a given level that can be seen from any
given seat allowing for obstruction by other members of the audience and by
the structure elements.

e The distance between seat and stage focus - this focus being specified by the
user.

e The vertical angle subtended by the stage plane to the spectator’s eye.

e The angle of rotation of the line of direct vision from the seat to the
focus.(Shehata 1988).

Figure 10. Sightlines in conventional seating.
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Visual Quality and Sight lines:

The quality of the interface between any performance and the viewer is a
function of the type of that performance and the interior space it is housed in.
This interior should respond to certain fundamental human capabilities and
constraints.

Head movement range: One of the most important architectural factors to be
considered is the Bio-mechanical of the human body and the geometry of the
visual field. Figure 10 illustrates the horizontal head movement range.

Visual angles: It is the part of the space, measured in angular magnitude, that
can be seen when the head and the eye are still. Figure 7, 8, illustrates the
horizontal visual range and the eye movement range. Figure 9 illustrates the
vertical visual field. (Neufert 1985; Shehata, 1988)

Binocular Visual Field
Comfortable Head —
Rotation

i \ Right Eye

. Visval Field
" 155

Left Eye

Visual Flojd/ .

155

N

Head Retation
Range

Fig.7. Range of horizontal head movement Fig. 8. Range of horizontal viewing range

Easy Head Movment

0% Standard Sight Line

Fig. 9. Vertical head and eye range.
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Audience to stage relationship :

Principally, the relationship between the actor and his audience is the basis
of “theatre. So, the auditorium to stage relationship is one of the most
important matters to be considered”. (Christos 1983). The various forms,
which have developed over the last decades, can be defined by the extent of the
encirclement achieved. Figure 6 illustrates the basic stage formats: (Mils 1979;
Roderick 1987).

Seating Area Seating Aren ,%' s;-::h
a. End stage. b. Proscenium stage. c. Transverse stage.
d. Apron stage. e. Thrust or extended stage f. 90°Fan stage

g. Arena stage h. Surrounded stage
Figure 6. Common audience to stage relationship

Evaluation Criteria of Auditorium’s Design :

The physical interior quality needs to be evaluated from several points of
view. While the following points define the possible evaluation, aspects the
scope of this study will be limited to the visual conditions
e Acoustics.

e Ventilation & thermal efficiency.
¢ Visual conditions
e Circulation and evacuation
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Table (1)
Dimensions of self-rising verses self-rising push-back seats’ types
Self-rising Self-rising push-back

B 67.5 cm 65.0 cm

C 51.56 cm 39.375 cm
H 81.25 cm 80.825 cm
S 41.875 cm 43.75 cm
F 60.00 cm 59.375 cm
E 97.5 cm 90.00 cm

Source: British Standard, 1991

It is important to mention that the self-rising seat is now a standard practice
in Europe and it will be considered in this research.

- Types of aisles: Aisles are of questionable desirability except in the largest
halls. Many bad sight-lines have resulted from putting the maximum legal
number of seats, usually 14 into each row in every section.

- Seating formats: Two main type of seating arrangements are known, the
traditional type and the continental type. The term ‘continental’ seating is
generally used to describe seating where each row extends virtually the fully
width of the auditorium without any intercepting gangways, i.e. rows in
which there are more than twenty-two seats. The conventional seating has
two aisle sub-systems. Figure 5 shows both of these subsystems.(Shehata,
1988; Mills, 1979)

<Ml <

e g

a. Parallel asiles b. Radial aisles

Figure 5. Conventional aisles’ sub-systems.
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- Rows format: Seats could be arranged conventionally in stepped rows or they
could be offset or staggered by a distance equal to half the seat spacing as
shown in Figure 3. Spectator clocks between the heads of spectators in the
next row and over the head of spectators in the rows after.

\ \ .
i\ ) | ]
1 | i
| | Y J
|
\ 1 \ |
I | i
1} [ ] | ]
’ .
| — L

Non-staggered Seating Staggered Seating

Figure 3. Arrangement of seats in staggered and conventional rows

- Chair types and Dimension: Investigating the alternative seating designs
without considering the detailed design of the seats is very misleading. It is
very important to decide on the individual chair that is to be used before
going through the design stages. (Izenohr, 1992).

Two main types are used namely Self-rising (spring-loaded) type and Push-
back type. Figure 4 illustrates the key dimensions of the chair in both plan
and section. Table 1 illustrates the minimum dimensions for the two types.
These dimensions are based on the Greater London Council
recommendations and the British Standards.(British Standard, 1991)

b

Figure 4. Chair dimensions in plan and section. Izenohr, 1992
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(Strong , 1996; Roderick, 1987).

Side Seoting —
: W = [ = I
75 Seating Area b Seating Area b Seating Area
g ' g 5 ' T
& 3 3
Tl =
a. End stage. b. Courtyard. c. Horseshoe

Seating Area

Stage Area sefﬂj.fiﬂg Ajrjeu _ Stage Area ._! ._ | | i

Ssulmgﬁreu
d. Fan shape e. Arena

Figure 1. Auditorium basic formats.

Seating Arrangement :

Comfort and circulation of the audience to and from each seat is the main
concern here. For comfort, wide spacing for rows is desirable, but this may
reduce the capacity of the auditorium to an uneconomic extent or push the rear
rows beyond the acceptable distance from the stage. Dimensions of the seats
and aisles as well as their geometry are the main factors affecting the design
quality. The following sub-factors related to seating area design:

- Rows geometry: Auditorium seating geometry in plan is virtually infinite in
variation and combinations. The four basic arithmetical, shown in Figure 2
are applied to many forms of theatre auditor by designers.(Izenohr, 1992).

B R SRy,
e B T
B it
N5 o I B
N T o
& N
\ o
Lt
a. Rectilinear b. Double ¢. Curvilinear d. Single herringbone
herringbone

Figure 2. Basic seating formats.

133



Application of Computer Aided Design in Designing ... Eslam H. Al-Gunemy & Ahmad A. Shahata

introduced. Evaluation criteria aspects concerning the visual conditions were
introduced in detail. The direct impact of each of the previously mentioned
design factors on each evaluation aspect of these performance criteria was
investigated.

A computer program, specially designed to evaluate certain performance
aspects, was applyed in this process. This program works from within the
AutoCAD as a drafting environment. It helps with evaluating design decision
within the conceptual stage.

Several cases were tested using the computer program. The resulted evaluation
data were introduced in a set of tables and in a group of design charts.

Auditoriums’ Design Parameters

Designer has to weight many issues related to the interior design of auditoria as
room geometry, stage design, human anthropometric variation and seating
design and layout. Many parameters affect the designer choice and decision.
The following sections discuss three of the main affecting parameters and how
they related to each other:

Auditorium Basic Formats and definitions
As defined by the Arts British Council (1996), the following are the most
common formats for theatrical performances:

- End Stage: As shown in Figure 1-a, it is a rectangular shape with acting area
in one of the rectangle sides with all the seats facing the stage area.

- Courtyard theatre: As illustrated in Figure 1-b, it is a rectangular plan as well
as the end stage but with additional galleries along the sides and back of the
seating area. This format gives a deeper sense of enclosure.

- Horseshoe shape: Figure 1-c, shows that the basic plan shapes is rounded.
This layout gives the same sense of enclosure as the courtyard but the side
galleries are rounded. The side galleries in this format have a better viewing
angle to the stage than the side galleries of the courtyard format.

- Fan shape: The fan shape could have range of angles between 90° and 180°.
As shown in figure 1-d, this format has some characteristics of the end stage.
As the angle increase, the stage extends into the audience and it takes on
some of the characteristics of the theatre in the round seating area as in the
case of horseshoe.

- Theatre in the arena: As illustrated in figure 1-e, the seating in this format
surround the central stage. This format could be applied on circular plan or
rectangular one. This arrangement suits a particular style of performance.
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Application of Computer Aided Design
in Designing Auditorium
Assessment of the Viewing Conditions in Auditoria
Ahmed M. Shehata & Eslam Hamed Al-Ghonemi

Department of Architecture, College of Engineering, Al-Mansura University, Egypt
* Department of Architecture, College of Fine Arts, Alexandria University, Egypt

Abstract :

Auditorium design is one of the most complicated architectural tasks. Team
of specialists is needed to participate in the process. Acoustical designer,
lighting designer and air-conditioning consultant in addition to the architect
should be among this team.

Within this paper, auditorium basic formats, seating arrangement, audience
to stage relationship as design factors were studied in detail. Then the
auditoriums’ design parameters were discussed illustrating the auditorium Basic
Formats, seating arrangement ended by audience to stage relationship.
Therefore, the evaluation criteria of auditorium’s design were followed, which
include visual quality and sightlines and main visual measures. The study
include by the evaluating design parameters impact on visual Quality, which
discussed the evaluating auditorium form impact, evaluating stage format impact
and the evaluating Seating Arrangement effect. Then the paper ended by giving
a conclusion of the study.

Therefore, we can say that this paper was dedicated to help designers with
the conceptual auditoriums’ design. Factors affecting design were discussed.
Performance criteria related to the visual conditions were investigated and the
impact of the design factors on the performance is evaluated using a computer
program that is specially designed to evaluate these aspects. This program works
from within the AutoCAD as a drafting environment. It helps with evaluating
design decision within the conceptual stage. Several cases were tested using the
computer program. The resulted evaluation data were introduced in a set of
tables. These data were represented in a group of design charts or could be
defined as a design fingerprints.

Introduction :
Through this paper, the issue of auditorium design is studied; the following
design factors are introduced in detail:
1) Auditorium basic formats.
2) Seating arrangement.
3) Audience to stage relationship.

Design quality is discussed as well. Several evaluation aspects were
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widely regarded as response to salinity stress condition. While that the
photosynthesis is the main source of carbohydrates accumulation, Munns
(1993) has been reported that the concentration of sugars (and reserve
polysaccharides) always rise after plants are exposed to salinity in both
growing and fully expanded tissues. This is consistent with a blockage in
utilization of sugars in the growing tissues and a subsequent build-up in the rest
of the plant. A reduction in photosynthesis could be due to feedback inhibition
by the high sugar concentrations in the mesophyll cells. It is appear in the
begging of growth that Calotropis procera seedlings are not deficient in
carbohydrates, and that the supply of carbon compounds are not limiting their
growth, so, after prolonged periods (days or weeks) of exposure to salinity the
levels of reserve carbohydrates increased, particularly in the shoot.

3.0 1

2.5 4

2.0 1

Chlorophyll a/b ratio

1.5 4

1.0 T T T T T T T 1

NaCl concentration

Figure (1): Effect of NaCl on the chlorophyll a/b ratio of
Calotropis procera seedlings.
(1-8 are NaCl concentrations 0, 5, 10, 20, 40, 80,
160 and 320 mM respectively)
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(Ch. a and b) and consequently of the total chlorophyll content as compared
with control plants. The total chlorophyll content of the leaves of Calotropis
procera seedlings exhibited a little increase when grown at 5 and 10 mM NaCl.
While the pigment contents increased at the first three treatments (0, 5 and 10
mM NaCl) with increasing plant age and then decreased at the last five
treatments. Generally, chlorophyll contents were reduced markedly at high
salinity concentration treatments especially with aged plants. It may be due to
the reason that the total chlorophyll and the proportion of its components
depend on the biological process and development stages of the plant and also
on the type and concentration of the salt. Ahmed et al (1978) and Hajar et al
(1993) also obtained similar findings. It is also clear from Table (1) that
chlorophyll a predominated over chlorophyll b but the values become closer
with increasing salinity which is in agreement with other results for some
plants (e.g. Hajar et al, 1993). The ratio of chlorophyll a/b (Figure 1) showed a
reduction with increasing salinity concentration (especially from 40 mM NacCl
and up). The decreased in chlorophyll content under stress is a commonly
reported phenomenon and in various studies, this may be due to different
reasons, one of them is related to membrane deterioration (Ashraf and Bhatti.
2000).

The contents of soluble and insoluble and total carbohydrates in the shoot
and root of the treated seedlings of Calotropis procera plants are given in tables
(2-4). It can be seen that the contents of carbohydrates (soluble and insoluble)
in the shoot and root tended to increase with increasing salinity level and age
(Tables 3 & 4). Many plants, which are stressed by NaCl salinity, accumulate
starch and soluble carbohydrates (Greenway and Munns, 1980 and Rathert,
1984). This accumulation has been attributed to impaired carbohydrate
utilization (Munns and Termaat, 1986). It is apparent from the results that the
soluble carbohydrate content in the shoot was higher in salt stress plants
compared with control. In contrast, the total carbohydrate in the shoot was
much higher than in the root of the treated seedlings (Table 2).

There is strong evidence indicating that photosynthesis is the main
source of accumulation of organic solutes under water stress. Meyer and Boyer
(1981) showed that cutting the photosynthetic cotyledons from soybean
seedlings prevented solute accumulation and osmotic adjustment as also
concluded by Kutachera and Kohler (1994). The accumulation of organic
solutes (soluble and insoluble carbohydrates) might play an important role in
increasing the internal osmotic pressure (Zidan and Al-Zahrani, 1994) which is
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Materials and Methods :

Seeds of Calotropis procera were collected locally from the freshly
gathered ripe fruits, obtained from various shrubs growing in Jeddah area.
Seeds were germinated on two layers of filter paper in flat trays, and irrigated
with distilled water until they were large enough to handle (after 16 days). The
seedlings were then transferred to boxes (3 liters) which had been painted black
containing culture solution (Hogland and Arnon, 1950). Seedlings (30/box)
were suspended above the solution by supporting them with non-absorbent
cotton inside holes in the small depressions in the box lid.

The seedlings were grown in growth cabinet with a 12-hr photoperiod, the
temperature ranging between 25°C during the day and 20°C during night
periods and the relative humidity of about 70 %. Salinity treatments were
imposed (when the seedling were 21 days old) by adding salt (NaCl) gradually
at the rate of 50 mM or less per day up to the specific level of each treatment.
The gradual addition of salt was to avoid instantaneous stressing of the
seedlings by high salinity levels. The boxes were divided into 8 groups of three
boxes and each group has one of the salinity treatments as follows: 0, 5, 10, 20,
40, 80, 160 and 320 mM NaCl. The solutions were aerated constantly by
compressed air.

Four harvests were taken, at 7-days intervals after salinization. Five
samples were taken for each measurement. The photosynthetic pigments
(chlorophyll a and b) were determined according to Mitzener et al (1965).
Fresh plant material (0.5 g) was extracted twice with 5 ml of 80%
acetone/water solution (V/V), the combined extracts filtered through Whatman
filter paper (NO 1) and made to 100 ml with 80% acetone. Chlorophyll was
then determined wusing a pye Unicam series 2 UV and visible
spectrophotometer and then the concentration of chlorophyll a, b and total
chlorophyll were calculated using Mitzener's equations.

Soluble and insoluble carbohydrates were determined by the method of
Fales (1951). Fresh weight (0.5 g) of the leaf tissue from each sample was used
using the youngest fully expanded leaf.

Results and Discussion :

The results showed that there was clear effect of salinity concentration on
the leaf pigment content of Calotropis procera seedling (Table 1 and Figure 1).
It can be observed that the high levels of salinization (160 and 320 mM NaCl)
induced a significant decrease in the contents of pigment fractions

106



Scientific Journal of King Faisal University (Basic and Applied Sciences)  Vol. 7No. 1 1427H (2006)

Effect of Salinity on Chlorophyll & Carbohydrate Contents of
Calotropis Procera Seedlings

O.A. Al-Sobhi; H.S. Al-Zahrani,
and S.B. Al-Ahmadi,

King Abdulaziz University, Faculty of Science, Department of Biology,
Jeddah, Saudi Arabia.

Abstract :
The effect of salinity concentrations (0, 5, 10, 20, 40, 80, 160 and 320 mM
NaCl) on the leaf content of chlorophyll a and b and carbohydrate (soluble and
insoluble) contents of shoot and root of Calotropis procera (Ait.) Ait. seedlings
were investigated. The results showed clear effects of salinity on the chlorophyll
content especially at high salinity concentration (160 and 320 mM NaCl) and
with increasing plant age.

The total soluble and insoluble carbohydrates content in the shoot and root
tended to increase with increasing salinity stress in the solution culture and also
with plant age which considered playing an important role in the osmotic
adjustment.

Introduction:

It has been generally recorded that salinity adversely affects seedling
growth and some relevant metabolic processes of glycophytic plants (Shaddad
and Zidan, 1989; Hampson and Simpson, 1990 and Zidan and Al-Zahrani,
1994). However, the direction and magnitude of these changes varied
according to the level and duration of salinization treatment as well as the plant
species used. Seeman and Critchley (1985) and Sharkey et al. (1985) reported
that salinity can seriously change the photosynthetic carbon metabolize, leaf
chlorophyll content, as well as photosynthetic efficiency. Carbohydrates are
accumulated in plant tissues under saline stress, and these substances are
suspected of contributing to osmotic adjustment (Munns and Termaat, 1986 &
Delaumey and Verma, 1993).

Calotropis procera (Ait.) Ait. a plant species that has a reputation of wide
amplitude in Saudi Arabia (Chaudhary and Al-Jowaid, 1999). The effect of
salinity on growth (Al-Zahrani, 2002) and some physiological activities (Al-
Zahrani et al, 2002) were studied. The present study was conducted to study
the effect of NaCl salinity concentrations on the photosynthetic pigment in
different plant ages.
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Fig. (2): Water use efficiency (kg oil/m3 water) for the evaluated irrigation treatments
(Combined means, over both seasons). Bars = LSD (5%).
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Table (6)

Effect of the interaction between irrigation treatments and nitrogen levels on seed and

oil yields /ha (Combined means

over both seasons)

N Jevels Seed yield (t/ha) Oil yield (t/ha)
7 days |14 days |21 days |28 days| 7 days | 14 days |21 days | 28 days
60N 3.322 | 3.146 | 2.587 | 2.025 | 1.382 | 1.313 | 1.036 | 0.7801
120N 4.124 | 4.101 | 2.936 | 2.559 | 1.668 | 1.641 | 1.122 | 0.9690
180 N 4756 | 4.786 | 3.486 | 2931 | 1.863 | 1.872 | 1.313 | 1.086
F.Test ok *x
LSD (5%) 0.326 0.2762

In conclusion, canola crop responded positively to shortening irrigation
interval and increasing nitrogen fertilizer rate. A seed yield up to 4.786 t ha-1
and oil yield up to 1.872 t ha-1 can easily be obtained at 14 days interval
irrigation with the application of 180 kg N ha-1. The benefit of nitrogen
application and irrigation intervals are integrated by greater seed and oil yields
and higher WUE under the condition of this investigation.
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Fig. (1): Water use efficiency (kg seed/m3 water) for the evaluated irrigation

treatments (Combined means, over both seasons). Bars = LSD (5%).
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seed oil percentage with the increase of N fertilizer levels could be attri buted
to the disturbance of carbohydrates translocation mechanism (Salisburg and
Ross 1994) .

Interaction between irrigation interval and rate of nitrogen fertilizer: The
interaction between irrigation intervals and nitrogen fertilizer rates had
significant effects on seed and oil yields/ha. Data presented in Table (6)
revealed that the highest seed yield/ha was obtained with irrigation canola
plants every 7 or 14 days and addition nitrogen fertilizer with the rate of 180 kg
N/ha, while the lowest seed yield was noticed with the irrigation every 28 days
and fertilization with the rate of 60 kg N/ha. Oil yield/ha was significantly
higher under irrigation every 7 or 14 days and fertilization with 120 and 180 kg
N/ha. Great reduction in oil yield/ha was noticed with longer irrigation interval
to 28 days and adding the lowest nitrogen level (60 kg N ha-1). Data
graphically depicted (Figures 1 and 2) show effects of the evaluated irrigation
intervals and nitrogen fertilizer rates on water use efficiency, expressed as seed
and oil yields. The highest WUE value was produced with the irrigation
interval of 14 days, particularly in case of application the highest N rate (180
kg N ha-1). However, the irrigation period of 7 days was associated with the
lowest WUE in its corresponding N fertilizer rate. The difference in WUE with
irrigating canola plants every 21 and 28 days did not reach the level of
significant. Lower WUE with increasing irrigation interval more than 14 days
(21 and 28 days) could be due to the decrease in seed and oil yields with
increasing the drought period. Similar results were reported by Leilah and Al-
Khateeb (2003) under the same conditions.
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fertilizer application (Table 4). Similar results were reported by Allen and
Morgan (1975); Singh et al. (1991) and Kjellstrtom (1993). Taylor et al. (1991)
reported that despite seasonal differences, shoot dry matter significantly
increased as application rate of fertilizer increased. Kumar et al. (1997) also
reported higher total dry matter production with increased rate of fertilizer
application.

Yield and yield components: Significant differences in the number of pods
per plant were observed amongst the different fertilizer rates. The number of
pods per plant increased linearly with increasing rates of N up to 180 kg N ha-
I(table 4). The higher number of pods in this treatment could be largely due to
higher leaf area index throughout development. These results are consistent
with those reported by Mudholkar and Ahlawat (1981), Basak et al. (1990),
Chauhan et al. (1995), Arthamwar et al. (1996) and Nielson (1997).

Number of seeds per pod was significantly increased with increasing levels
of nitrogen fertilizer application. Similar results were reported by others (Allen
and Morgan 1972, Scarisbrick et al., 1980; Chauhan et al., 1995; Arthamwar
et al., 1996). 1000-seed weight was significantly increased as nitrogen level
increased. Results of the present study are in close agreement with findings of
Tayo and Morgan (1975), who reported an averagel1000-seed weight of 3.28 g
in Brassica napus (Table 5).

Seed yield of canola increased in response to higher nitrogen fertilizer
application, with maximum yields (3.99 t ha!) being attained under the highest
N rate, as shown in Table (5). Similar result of seed yield was reported by other
authors (Mendham, et al., 1984; Hocking et al.(b), 1997; Kumar et al., 1997).
Gammellvind et al. (1996), working in Copenhagen, reported a higher seed
yield, varying from 2.8 to 4.8 t ha!, in winter oilseed rape. An adequate
application of N fertilizer enables the crop to produce rapid leaf growth which
may positively contribute in seed filling. This is reflected in efficient
partitioning of assimilate into economic yield. The higher seed yield for the
third treatment than for any of the other rates of fertilizer application was
largely result from the greater number of pods per plant and number of seeds
per pod (Table 4). This trend is supported by the findings of previous studies
(Allen and Morgan 1975; Tayo and Morgan 1975; Mendham, et al., 1984).
Fertilizer application did not significantly affect the seed oil content, but the
highest rate was associated with light decrease in seed oil content similar
results have been reported in canola by Hocking et al. (1997 a) and Leilah and
Al-Khateeb (2003) working under Saudi Arabian condition. The reduction in
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and 7 days. The seed yield obtained under this irrigation was comparable with
these obtained by Leilah et al. 2003 and Leilah et al. 2004, in Saudi Arabia,
Wright 1988, in Australia, Elsaidi et al. 1992, in Egypt. These results raise the
possibility of little or no further increase will be gained for shortening
irrigation intervals. Other studies reported similar results (Muchow and Wood,
1980; El-Saidi et al., 1992,). The higher seed yield for 7 and 14 days interval
could be largely due to the greater number of pods per plant and number of
seeds per pod (Table 4). The higher seed yield in canola may be associated
with higher leaf area (Wright et al., 1988; Nielson, 1994 and Howell, 2000).
Although leaf area was not estimated in the present study, leaf area is largely
expected to be associated with both plant height and number of branches/plant.
Irrigation interval did not significantly affect seed oil content (Table 5). The
highest oil content of 40.4 % was found at 7 days interval of irrigation with no
significant differences detected between 7, 14, 21 and 28 day intervals. The
longer interval of irrigation reduced the oil content relative to the lower
moisture content available. Similar results have been reported in canola
(Barszczak et al.,, 1993). Decreasing interval of irrigation significantly
increased oil yield. The lowest oil yield was produced by the 28 days interval
of irrigation (Table 5). The higher oil yield with shorter interval of irrigation
application was probably due to higher seed yield. Similar results were found
by Barszczak et al. (1993) and AlJaloud et al., (1996).

Water use efficiency (WUE) for the evaluated irrigation treatments (Table
5 & Fig. 1 and 2) recognize the ratio between seed yield and oil yield and
volume of irrigation water. It reveals that irrigation canola plants every 14 days
associated with the highest values of WUE over both seasons of study. So, it
can be reported that with absent of significant differences in both seed yield
and oil yield between 7 and 14 days, irrigation canola every 14 days was the
most benefit irrigation treatment under the conditions of this study. Leilah and
Al-Khateeb (2003) came to similar conclusion in other canola cultivars grown
under Saudi Arabia condition.

Effect of N fertilizer: Growth parameters: The maximum rate of fertilizer
application (180 kg N ha!) produced a significantly higher plant height and
stem diameter than all other rates. Similar results were reported by Kumar et al.
(1997) in India and by Allen and Morgan (1975) in the United Kingdom. This
trend was also observed on number of branches/plant without significant
difference between 180 and 120 kg N/ha. The highest rates of fertilizer
application gave significantly higher total dry weight than the lowest rate of
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treatments, but mean seed weight did not differ significantly between them
(Table 5). These results support the findings of Tayo and Morgan (1975), who
reported an average 1000-seed weight of 3.28 g in Brassica napus.

Table (5)
Effect of irrigation intervals and nitrogen levels on weight of seeds/plant (g),
1000-seed weight, seed oil percentage as well as seed and oil yields’ha and WUE
(Combined means, over both seasons).

Treatments Seeds weight IOQO—seed Seed oil |Seeds yield| Oil yield (ke /X;{VE ater)

(g/plant) | weight.(g) | (%) (ton/ha) | (Kg/ha) Seeds Ol
A: Irrigation intervals
7 days 334 2.95 40.4 4.067 1637.35 | 0.37 | 0.15
14 days 30.2 2.85 40.3 4.0105 | 1608.55 | 0.51 | 0.20
21 days 18.8 2.55 38.7 3.002 1156.8 | 0.44 | 0.17
28 days 14.9 2.35 37.85 2.505 944.8 | 0.43 | 0.16
LSD (5%) 3.50 0.20 N.S 0.2335 156.6 | 0.11 | 0.03
B: Nitrogen levels

60 kg N/ha 14.6 2.45 40.5 2.769 1127.6 | 0.36 | 0.14
120 kg N/ha 25.8 2.70 39.15 3.4295 1349.8 | 0.44 | 0.17
180 kg N/ha 32.6 2.90 38.3 3.9895 1533.2 | 0.52 | 0.20
LSD (5%) 2.8 0.20 N.S 0.163 138.1 | 0.08 | 0.02

Differences in mean seed weight may be much related to a shorter period
between anthesis and maturity. At this time, the supply of assimilates to the
pod (seed) plays a crucial role in the development of the seed, and plants
supplied with more nutrients and water are probably at an advantage over those
supplied with less (Taylor et al., 1991; Gary, 2001) which seems to be occurred
under shorter intervals of the present study.

In the present study, seed yield of canola increased in response to
shortening irrigation intervals with maximum yields (4.067 t ha') being
attained with 7 days irrigation intervals. However, these were no significant
differences between 7 and 14 days irrigation intervals. This indicates that with
shortening irrigation intervals increase in seed yield was not proportional. This
increase was 25% between 21 and 14 days and it was just 1.4% between 14
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Table (4)
Effect of irrigation intervals and nitrogen levels on plant height (cm), stem diameter
(cm), total weight (g/plant), number of branches and pods/plant and number of
seeds/pod (Combined means, over both seasons).

Treatments Plgnt 'Stem Branches |Total weight.| Pods/plant | Seeds/pod

height |diameter | /plant (No.) | (g/plant) (No.) (No.)
A: Irrigation intervals
7 days 149.85 2.45 16.80 284.50 218.25 51.75
14 days 148.70 2.50 16.80 276.50 214.60 49.10
21 days 134.55 2.15 13.85 211.60 170.40 42.95
28 days 117.80 1.85 12.05 162.90 160.10 39.75
LSD(5%) 8.75 0.35 0.90 24.95 25.05 4.95
B: Nitrogen levels

60 kg N/ha | 121.05 2.10 13.80 214.45 161.15 37.00
120 kg N/ha | 140.60 2.25 15.15 233.95 195.75 48.75
180 kg N/ha| 151.55 2.40 15.65 253.30 215.60 51.90
LSD(5%) 5.65 0.10 0.70 22.21 21.25 3.10

Yield and yield components: Significant differences in the mean number
of pods per plant were observed amongst the different irrigation intervals. The
average number of pods per plant decreased with increasing irrigation
intervals. The 7 and 14 days intervals treatments produced a significantly
higher number of pods than any of the other treatments (Table 4). These results
are consistent with those reported by Wright et al., (1988); AlJaloud, et al.,
(1996); Nielson, (1997) and Leilah et al., (2002). The higher number of
pods/plants under shorter intervals could be attributed to higher number of
flower/plant.

Significant differences were found in the mean number of seeds per pod
amongst the irrigation intervals. The shortest interval (7 days) produced more
seeds per pod than any of the other treatments and the second treatment (14
days) gave the next highest (Table 4). Similar results were reported by El-
Saidi, et al., (1992); Barszczak, et al., (1993) and Abbas, et al., (1999).

There were marked differences found in 1000-seed weight amongst the
irrigation intervals, except 7 and 14 days intervals. Both 7 and 14 days
intervals gave significantly higher mean seed weights than any of the other
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relatively bad permeability of the soil in connection with the existing efficient
drainage system the salt balance in the root zone could be kept on desired low
level by leaching. The irrigation water was mainly characterized by the low
concentration of Ca™, Mg™, Na®, K, HCOs, Cl" and SO+*. The
corresponding electrical conductivity value was 2.03 dSm-1. The SAR value of
4.4 indicates a medium sodium hazard.

Effect of Irrigation:

Growth parameters: Plant height and stem diameter were significantly
decreased as irrigation intervals increased with no significant differences
obtained between 7 and 14 days. Higher plant height was reported at 7 and 14
days compared with 21 and 28 days. This trend was also reported in stem
diameter but the negative effects of long irrigation intervals have been occurred
in 21 days interval. This may indicate role of water available in cell elongation.
Number of branch/plant showed similar trend as reported for plant height
(Table 4).

Generally, a shorter interval gave significantly higher total plant weight
than the longer period of irrigation interval (21 days and more), as shown in
Table 4. Similar results were found in Brassica crops, which were reported by
others (Kjellstrom 1993; Nielson, 1994; AlJaloud et al.,1996,). Higher dry
matter production with shorter irrigation were also reported in canola by others
(Krogman and Hobbs, 1975 ; Singh et al., 1991). Overall, canola and other
Brassica spp. appear very responsive to soil water availability. At end of
harvest, the average of total plant weight varied from 162.9 g/plant in longer
interval (28 days) to 284.5 g/plant in shorter interval (7 days). However, Taylor
et al., (1991) reported that despite seasonal differences, shoot dry matter
significantly increased as more irrigation water was applied. Marked
differences in total dry weight yield among different interval irrigation period
application, especially between shorter and longer period, were probably
caused by differences in plant height, stem diameter and number branches
(Table 4).
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Table (3)
The chemical analysis of the used irrigation water
pH 7.40 Na+ (meq/l) 8.90 Cl-(meq/1) 10.20
EC (dSm™) 2.03 K+(meq/l) 0.60 SO4-2(meq/l) | 5.80
Ca+? (megq/1) 5.80 CO3-2(meq/1) Trace SAR 4.00
Mg+? (meq/]) 4.20 HCO3- (meq/]) 1.50 Class C3-S1

Estimated characters: Plants were harvested at 155 days after sowing (first
week of April), i.e. when plants turned a straw color and seeds became dark
brown. 10 guarded plants were taken at random from each sub plot to estimate
the following characters: Plant height (cm), stem diameter (cm), number of
lateral branches/plant, number of pods/plant, number of seeds/pod, seed
weight/plant (g) and 1000-seed weight (g). Seed counter was used to count the
number of 1000-seed. Plants in the two centeral ridges in each sub-plot were
harvested for biological and seed yields/m2, which was converted to recorded
seed yields (t/ha). Seed oil content was estimated using Soxholt apparatus,
according to A.O.A.C. (1980). Oil yield was estimated by multiplying seed
yield by seed oil content. Water use efficiency (WUE) was calculated as oil
yield (kg)/ irrigation water (m?).

Statistical analysis: Collected data for each season were statistically analysed
by analysis of variance (ANOVA) for the split plot design, thenafter the
assumption of normality and the homogenity of variances of the experimental
errors was checked according to Bartlet method which reported an appropriate
homogeous of errors variance according to the method stated by Gomez and
Gomez (1984). Therefore, the combined analysis was done using the SAS
statistical program 8.0 (SAS Institute Inc., NC, USA). The least significant
differences (LSD) at the 0.05 probability level was applied to compare
treatment means according to Waller and Duncan (1969).

Results and discussion

Physical and chemical properties of studied area are presented in Table 2.
The experimental site soil was characterized by sandy loam texture, calcareous
soil with low organic matter, low available moisture which is probably due to
the texture of soil. Soil had low available phosphorous and total nitrogen which
might be due to the low fixation of P and N under calcareous soil conditions
and with nearly neutral to slightly alkaline pH. The soil salinity is mainly
characterized by the high concentration of Ca*?, Mg*, Na*, K* due to the
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main irrigation pipe. Plants were irrigated every 7, 14, 21 and 28 days after
sowing with amount of 500, 650, 800, and 950 m3/ha water, consuming
11000, 7850, 6800 and 5800 m3/ha/season, with 18,9,6, and 4 times of
irrigation, respectively (Table 1). These amounts were justified to represent the

range amount of flood irrigation usually used in Al-Hassa Oasis.

Table (1)
Volumes of water in the evaluated four irrigation regimes

Volume of water | Volume of water | Total volume of
rrigation regime (m3/ha) received | (m3/ha) received | water (m3/ha) irrigation
before treatments | after treatments | received during | Number
application++ application season+
Irrigation every 7 days 2000 9000 11000 18
Irrigation every 14 days 2000 5850 7850 9
Irrigation every 21 days 2000 4800 6800 6
Irrigation every 28 days 2000 3800 5800 4

+ Rainfall not included, however it was rare (may be neglected) during both seasons of study.

++ Volume of water before treatments application (2000 m3/ha) was 1000 m3/ha, immediately
after sowing and two irrigations were applied at 10 and 20 days after sowing, each with
500 m’/ha.

Hand hoeing was done twice to keep the crop free from weeds. Urea was
used as N fertilizers at rates of 60, 120 and 180 kg N/ha. Air-dried soil samples
were analysed for physical and chemical properties (Table 2) according to
Rowell (1994). Irrigation water was analysed (Table 3) according to Rowell
(1994). All measurements relating to growth and yield data were uniform in
the two seasons. The total dry weight was determined after oven drying at 70
°C to a constant weight.

Table (2)

Some physical and chemical properties of experimental soil field at depth 0-45 cm
Sand % Silt % Clay % Texture CaCos % pH T.S.S %
46.2 38.9 14.9 | Sandy loam 22.6 7.8 0.68

o o o o o, | Av. Mois.
Av.P,ppm | Total N % | O.C.% OM % FC% |PWP% o
0
29 0.14 0.048 0.083 23.13 13.8 9.3

Av. P, ppm= Available phosphor O.C.= Organic Carbon, O.M.= Organic matter, F.C.= Field
capacity, P.W.P.= Permanent wilting point. Av. Mois. = Available moisture.
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The interaction between irrigation treatments and nitrogeen rates had
significant effects on seed and oil yields ha™! (Leilah et al., 2003). The highest
seed and oil yields ha™! were obtained with irrigation canola plants every 7 or
14 days and fertilizing with 150- 200 kg N ha™’.

The objectives of this study were to determine: (1) the suitable irrigation
intervals, optimum nitrogen fertilizer rates and their interaction on growth,
yield components, seed oil content as well as seed and oil yields/ha under Al-
Hassa conditions.

Materials and methods :

A field experiment was conducted on canola "CV. Fido" at the Agricultural
and Veterinary Training and Research Station, King Faisal University, Al-
Hassa (latitude 25° 21' and 25° 37' N and longitude 49° 33' and 49° 46' E)
during the winter seasons of 2000/2001 and 2001/2002. A split plot design
with four replicates was used. Four irrigation intervals (7,14, 21 and 28 days)
were assigned to the main plots and three nitrogen fertilizer rates (60, 120 and
180 kgN/ha) were assigned to the subplots. Each subplot included 5 ridges;
each ridge was 3.5 m long and 0.60 m (2.1 m?).

The soil of the experiment site was sandy loam with soil pH = 7.8, EC= 4.4
dS m’!, Total soluble solid (TSS) between 0.60%-0.74%, N, Na, K and Ca
average contents were 16.0, 14.1, 27.3 and 12.1 meq/l, respectively, over the
two seasons.

Canola seeds used in this study were obtained from the Agricultural
Research Center, Giza, Egypt. Seeds were sown during the last week of
October in both seasons period, which were placed in hills, 15 cm apart within
ridges, plants were thinned two times, the last one was at 35 days after
emergence, leaving one plant/hill. Nitrogen in the form of Urea (46%) as
aforementioned rates was manually sidedressed into three equal portions, the
first was added prior of planting. The second portion was applied after thinning
(30 days after sowing) and the rest was added at the first of flowering stage.
Plots were weeded as needed through hand hoeing. Other normal agronomic
practices for canola production were followed as recommended for ordinary
canola production, except the studied treatments.

Flood system irrigation which is the normal irrigation system used by
farmer in Al-Hassa area was performed in this study. The water from reservoir
was pumped with an electrical pumped to the irrigation system for irrigation.
The water was measured through a flow meter installed at the beginning of the

&9



Irrigation interval and nitrogen level effects on growth ... Khaled M. Al-Barrak

saline soil conditions (Nielson, 1997). Canola (Brassica napus L.) recently
moved up to the world's, third most important edible oil source after soybean
and palm, and have the largest annual growth rate of the 10 major edible oils
(Downey 1990). Its oil also has potential in the developing biodiesel market
(Economic Research Service, 1996).

Little information is available in the literature on the suitable irrigation
interval for growing canola under Saudi Arabian conditions, particularly with
regard to increasing their vegetative growth. Irrigation studies on this plant
have focused on increasing seed yields in canola (Taylor et al., 1991;
Boochereau et al., 1996; Champolivier and Merrien, 1996).

Sims et al., (1993) reported that canola yields in Montana increased greatly
with increased availability of water, but higher water content lowered mean oil
content. Although most growers would irrigate this crop using flood or furrow
irrigation, subsurface drip irrigation was used to minimize losses caused by
evaporation, runoff and deep percolation when estimating crop water
requirements (Phene et al., 1990). Leilah et al., (2002) stated that irrigation
canola plants every 14 days associated with the highest values of water use
efficiency (WUE) in the two seasons of study. Al-Habeeb and Al-Hamdan
(2002) found that the optimum seasonal irrigation volume as 3000 m3 per
hectare.

Nitrogen (N) and phosphorous (P) fertilizers play a vital role in enhancing
canola yield. A high rate of N application increases leaf area development,
improves leaf area duration (LAD) after flowering and increases overall crop
assimilation, thus contributing to increased seed yield (Wright et al., 1988).
Allen and Morgan (1972) concluded that N fertilizer increases yield by
influencing a variety of growth parameters such as the number of branches per
plant, the number of pods per plant, the total plant weight, the leaf area index
(LAI), and the number and weight of pods and seeds per plant. Excess nitrogen
rate, however, can reduce seed yield and quality appreciably. Leilah et al.
(2002) considered the most effective dose in maximizing the final canola
yield/ha was 150 kg N ha-1 with no significant differences appeared when N
fertilization increased to 200 kg N ha-1 under Al-Hassa condition. Ibrahim et
al. (1989) concluded that yield increased with rates of N up to 213 kg N ha'’.
High N applications were found to cause lodging (Sheppard and Bates 1980;
Wright et al., 1988; Bailey 1990). Taylor et al. (1991), working in Australia,
observed that split applications of N were not more effective than application
of the total amount of N at seeding.
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Irrigation Interval and Nitrogen Level Effects
on Growth and Yield of Canola (Brassica napus L.)

Khaled M. < Al-Barrak

Soil and Water Dept., College of Agric. and Food Sciences, King Faisal University,
Al-Hassa, Saudi Arabia

Abstract :

A field experiment was carried out to determine the effect of irrigation
intervals and nitrogen levels on canola "cv. Fido" on a sandy loam soil during
2000/2001 and 2001/2002 seasons. Irrigation intervals had significant effects on
growth characters as well as seed and oil yields/ha, but it did not induce maked
effect on seed oil percentage. The highest values of plant height, stem diameter,
number of pods/plant, number of seeds/pod, seed weight/plant as well as seed
and oil yields/ha were produced with irrigation every 7 or 14 days. Nitrogen
rates had significant effects on all estimated characters, except the harvest index
and seed oil percentage. The highest nitrogen rates (120-180 kg N/ha) were
associated with an increase in all estimated characters, except seed oil
percentage, which took the reverse trend. The interaction between irrigation
intervals and nitrogen rates had significant effects on seed and oil yields/ha.
Irrigation canola every 7 or 14 days and fertilizing with 120-180 kg N/ha
produced the highest seed and oil yields/ha. The optimum water use efficiency
was obtained with the irrigation every 14 days, particularly with the addition of
180 kg N ha-1.

In general, it can be concluded that irrigation canola plants at the regular
interval of 14 days with 650 m3 water/irrigation/ha and adding nitrogen
fertilizer with the rate of 120-180 kg N ha-1 produced the highest seed and oil
yield/ha and increase the water use efficiency under the environmental condition
of Al-Hassa region.

Introduction :

Water is becoming scarce not only in arid and drought prone areas but also
in regions where rainfall is abundant (Malano and Burton 2001). Water scarcity
concerns the quantity of resource available and the quality of the water because
degraded water resources become unavailable for more stringent requirement.
Water scarcity may be due to different causes, relative to different xeric
regimes, nature produced and man-induced (Pereira 1999).New crops with
high water use efficiency and increased drought tolerance are being sought for
production in arid regions. One plant species with excellent potential as
alternative to more traditional crops grown under irrigated conditions is canola.
This crop grows well in dry environments and can also tolerate moderately
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were highly susceptible hosts. Thus chard may be characterized by having
relatively a greater tolerance factors to tha-noun.

It could be concluded that Tha-noun as a potential root parasite affects the

natural vegetation population size, and the growth and development of the
cultivated vegetation e.g. beet, Chard and Atriplex.
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Discussion :

Parasitic flowering plants have documented as playing a striking role in the
ecology of their hosts (Reuter, 1986), particularly by controlling population
sizes of their host plants. In the present study not all of the tested host plants
were found to be affected by Tha-noun (Cistanche phelypaea). Among the
thirty-three families recorded in this study, Cistanche phelypaea restricted its
host range in two families only, Chenopodiaceae and Zygophyllaceae.
However, in an earlier study, Tamaricaceae was recorded to include hosts of
Tha-noun (Farah, 1987). Among the study plant species of Al-Ahsa Oasis, only
ten plant species were found to be parasitized by tha-noun, namely Anabasis
articulata, Arthrocnemum macrostachyum, Solsola baryosma, Seidlitzia
rosmarirus, Suaeda aegyptiaca, S. monoica, S. vermiculata, Zygophyllum
coccineum, Z. qatarense and Z simplex. If we add to this list, other recorded
host plants e.g. Suaeda priunosa and Tamarix aphylla (Farah, 1987) as well as
the cultivated host plants species: Atriplex leueoclada, Beta vulgaris and Beta
vulgaris subsp. cicla, a group of 15 plants species will classified as the most
preferable host plants by tha-noun in Al-Ahsa area. Zygophyllum qatarense,
the most important species (50.14 IV) was found to accommodate the highest
number of Tha-noun plants (268) compared with other hosts. Thus Z. qatarense
could be considered as the most important host of Tha-noun in Al-Ahsa Oasis.
However, continued spread of this noxious parasite in the natural vegetation of
Al-Ahsa Oasis, could results in unforeseen problems such as limitation of the
growth and productivity of the important forage plants. This is in agreement
with the finding reported by Scharpf et al., (2001) for Viscum album and alder
(Alnus) stands in California.

Under greenhouse conditions, the tested host plants showed great variation
in their response to the parasitism of the root parasite, tha-noun. All the tested
host plants, except spinach, were affected significantly ( P < 0.01 ). The losses
of the biomass of the tested host plants ranged from 0.0%, with Spinach up to
56% with Atriplex. The Spinach plants treated with the parasite, tha-noun was
found to be resistant and thus showed no significant differences in all the
studied growth characters (plant height, root length, biomass) compared with
the untreated plants (control). On the other hand, tha-noun decreased the
growth components of beet, Chard and Atriplex, substantially. Similar results
were reported by Gwargwer and Weber (2001) in Striga hermonthica and
millet. The relatively better performance of growth characters of Chard (i.e.
lesser loss percentage) compared with beet and Atriplex (higher loss
percentage) revealed that chard was less susceptible, while beet and atriplex
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Table (4b)
The effect of tha -noun treatments on the growth characters of its host plants,

averaged overall hosts and overall seasons.
(each figure is an average of 40 readings = 4 hosts x 5 replicates x 2 years)

Treatments Plant height Root length Dry weight biomass
(cm) (cm) (8)
T, 77.9a* 34.3a 51.3a
T, 57.5b 27.3b 32.7b
Ts 58.0b 26.1b 333

T: Plants not treated with Tha-noun (control).

T,: Plants treated with Tha-noun seeds of 2000.
T;: Plants treated with Tha-noun seeds of 2001.
* Means with the same letter in each column for each trait are not significantly different
according to Duncan’s multiple range test.

Table (5a)

Number of tha-noun plants per host and dry matter of tha-noun (g) per host.
(Each value is an average of 20 readings = 2 treatments x 2 years x 5 replicates).

Treatment Number of tha-noun Dry matter of tha-noun
plants/host plants/ host
Beet 10.10a* 16.83b
Chard 3.90b 7.01c
Spinach 0.00c 0.00d
Atriplex 5.50b 22.9a

* Means with the same letter in each column for each trait are not significantly different
according to Duncan’s multiple range test.

Table (5b)

Number of tha-noun plants per host and dry matter of tha-noun (g) per host. (Each
value is an average of 30 readings = 3 host plants x 2 years x 5 replicates).

Treatment Number of tha-noun Dry matter of tha-noun
plants/host plants/ host
Thy 8.63a* 18.10a
Th, 4.37b 13.10b

Th; = Tha-noun plants developed from tha-noun seeds of 2000.

Th, = Tha-noun plants developed from than-noun seeds of 2001.
Th, = Number of tha-noun plants per host.
Thy, = Tha-noun dry matter (g) per host.

* Mean with the same letter in each column for each factor are not significantly
different at P = 0.05 according to Duncan’s multiple range test.
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Table (4a)

The effect of Tha-noun on growth traits of its host plants (average over two seasons
(2001/2002 —2002/2003), (Mean + s.d.),
(Each value is an averaged of 10 readings, 2 years x 5 replicates)

Host Treatment Plant height | Root length Dry weight
(cm) (cm) (2
T 36.24+6.1a* 35.7£10.7a 28.7+7.1a
Beet T, 34.616.4a 23.448.2b 19.84.8b
T3 35.1+6.7a 25.0£5.9b 23.946.1b
T 96.412.6a 27.2+1.5a 43.1+1.0a
Chard T2 86.5+£1.7b 24.8+5.7b 39.8+5.8b
T3 87.80%1.4b 26.7£5.0a 40.7+2.7b
T 19.4+2.7a 11.0+1.8a 10.3+2.3a
Spinach T, 19.612.1a 11.6£1.3a 10.62.1a
T3 19.442.6a 11.4%1.5a 10.5£2.0a
T 159.416.2a 63.1+2.7a 126.3++6.0a
Atriplex T> 89.2+5.0b 44.412 .4b 60.8+5.3b
Ts 89.246.0 46.212.8b 55.2+4.7b

T): Plants not treated with Tha-noun (control).

T,: Plants treated with Tha-noun seeds of 2000.
Ts: Plants treated with Tha-noun seeds of 2001.
* Means with the same letter in each column for each trait are not significantly different
according to Duncan’s multiple range test.
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Table (3)
Number of Tha-noun plants per host plant at Al-Ahsa Oasis, recorded during
December 2001 - December 2002

No. of Percentage of
No. of .
o No. of parasi- | Tha-noun Tha-noun
Host plant individuals | .
of host plant tized host plant | plants per | plants per host
host plant plant (%)

Zygophyllum
qatarense 456 245 (53.7%)* 268 235
Zygophyllum 217 166 176.50%) ’
coccineum
Zygophyllum o

. 217 166 (76.50%) 180 15.8
coccineum
Zygophyllum simplex 166 98 (59.0%) 122 10.7
Suaeda aegyptiaca 214 139 (65.0%). 156 13.7
Suaeda monoica 157 78 (49.70%) 84 7.4
Suaeda vermiculata 166 84 (50.60%) 95 8.3
Anabasis articulata 95 46 (48.40%) 58 5.1
Arthrocnemum 89 35 (39.30%) 45 39
macrosta-chyum
Salsola baryosma 233 129 (55.40%) 133 11.7
Seidlitzia rosmarinus 96 38 (39.60%) 44 « 3.9
Total 1889 1058 (56.0%) 1141

* Number in parenthesis is percentage of parasitized host plant.
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Density, Relative density, Frequency, and Relative dominance of the most
important plant species of Al-Ahsa Oasis.

Table (2)

(Analysis based on 1.5 m radius circle quadrates)

Species D RD F RF PC v
(%) ) | () | (%)
g:gg;‘;ghm;urfn 0.02 | 2.02 | 0.08 | 230 | 1.80 | 6.12
Rostaria pumila 0.11 | 11.11 | 0.23 6.61 1.10 | 18.82
Aleuropus logopoides 0.06 6.06 0.20 5.75 8.35 | 20.16
Suaeda aegyptiaca 0.03 3.03 0.13 3.74 8.26 | 15.03
Panicum turgidum 0.06 6.06 0.30 8.62 | 13.84 | 28.52
Zygophyllum qatarense 0.14 | 14.14 | 0.67 | 19.30 | 16.70 | 50.14
Sasola baryosma 0.07 7.07 0.27 7.80 6.14 | 21.01
Suaeda monoica 0.07 7.07 0.18 5.20 6.23 18.50
Stipa capensis 0.05 5.05 0.09 2.60 3.14 | 10.79
Panicum repens 0.06 6.06 0.15 4.31 1.50 11.87
Bassia muricata 0.03 3.03 0.13 3.74 1.43 8.20
Eragrostis barrelierii 0.03 3.03 0.07 2.01 1.70 6.74
Anabasis articulata 0.03 3.03 0.13 3.74 5.50 | 12.27
Zygophyllum simplex 0.02 2.02 0.13 3.74 5.00 | 10.76
Cyperus conglomerates 0.04 4.04 0.12 3.45 4.52 12.01
Zygophyllum coccineum | 0.03 3.03 0.15 4.31 2.30 9.64
Stipagrostis ciliata 0.06 6.06 0.21 6.03 3.60 | 15.69
Seidlitzia rosmarinus 0.02 2.02 0.14 4.02 4.02 10.06
Suaeda vermiculata 0.06 6.06 0.10 2.87 5.06 | 13.99
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Table (1)

Number of families, genera and species of the flora of Al-Ahsa Oasis.

Family

| Genera

Species

Dicotyledons

Amaranthaceae

Apiaceae

Asteraceae

(98]
LIRS

Brassicaceae
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Geraniaceae
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Solanaceae

Tamaricaceae

Zygophyllaceae
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25
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Total

130

217
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Table 2 shows the standard statistical measurements for the vegetation of
Al-Hassa Oasis and the adjacent areas. These measurements include the
frequency, the relative frequency, the density, the relative density, the relative
dominance, (i.e. the percentage cover) and the importance value. The
importance value was calculated only for the most abundant species of the
area.

Table 3 shows the most important host plants of Tha-noun, and number and
percentage of tha-noun per host plant. Ten plant species were found to be the
most important host plants. They belong to six genera, namely: Zygophyllum,
Suaeda, Anabasis, Arthrocnemum, Salsola and Seidlitzia.

The greenhouse experiment :

All the studied characters (plant height, root length and dry weight
(biomass) of the studied host plants, exceat, spinach, were highly significantly
(P < 0.01) affected by tha-noun treatments (Tables 4a and 4b). The effect of
tha-noun was more severe on atriplex compared to other host plants while
spinach was not affected by the parasite.

The host plants significantly affected the means of the tested parameters of
tha-noun, i.e. number of tha-noun plants per host and the dry matter of thanoun
per host. Beet exceeded the other host plants in sustaining more number of tha-
noun plants per host, while atriplex exceeded them in accommodating more dry
matter of tha-noun per host (Tables 5a and 5b). However, Tha-noun 1 was
found to exceed Tha-noun 2, both in number and dry matter per host plant.
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The greenhouse experiment :

The selected host crops: garden beet (Beta vugaris), chard (B. vulgaris
subsp. cicla), spinach (Spinacia olerace) and atriplex (Atriplex leucoclada)
were tested in a greenhouse environment. The experiment was conducted at the
Agricultural and Veterinary Training and Research Center, King Faisal
University, to investigate their response to the parasitism of Tha-noun. Sixty
30-cm plastic pots were arranged in four sets (15 pots per set). The selected
crop plants were raised in the pots, where the top half of the soil was
thoroughly mixed with 1.0 g of tha-noun seeds of 2000 (Th 2) in the first set. In
the second set the top half of the soil was also thoroughly mixed with 1.0 g of
Tha-noun seeds of 2001 (Th3). The third set was used as untreated control
(Th1). Treatments were arranged in a completely randomized design with five
replicates. A total of 120 pots were used in this experiment during two seasons.
Five seeds per pot were sown on 27 November, 2001 and 27 November, 2002.
Three weeks after emergence, all pots received a compound fertilizer in the
form of N.P.K. (20%, 20%, 20%) at the rate, of 70 kg. Ha. The pots were
placed in the greenhouse (day and night temperatures were 28°C/23°C).
Irrigation has been carried out using tap water every week. Data were collected
for the following host characters: Plant height (cm), root length (cm), total dry
weight (biomass) (g). For the parasite (tha-noun), the number of individual
plants per host and the dry matter of the parasite per host were recorded.

Statistical analysis :
Analysis of variance was conducted using the General Linear Models
(GLM) procedure of Statistical Analysis System (SAS, 1990).

Results :
The natural vegetation
The following results represent the vegetation studies carried out during

several excursions, by the investigators, during two consecutive seasons
(December-April 2001/2002 and December-April 2002/2003).

Two hundred seventeen species (182 dicots and 35 monocots) of flowering
plants were recorded for the studied areas (Table 1). From the thirty three
families recorded in the area, only four families were characterized with high
species richness namely, Asteraceae (36 species), Chenopodiaceae (26
species), Fabaceae (22 species) and Poaceae (29 species).
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and its surrounding areas (Ugair, Salwa, Faidaht Um Al-Sous). A total of 600,
1.5 m radius circle quadrates were used in this study. The quadrates were laid
along 360-m transect lines. 20 such transects were used. Each transect was
marked by posters at 12 m intervals. Tha-noun and its host plant species were
collected. Only those plants attached to the parasite were recorded as hosts.
Nomenclature follows Migahid (1978). The standard statistical measures of
vegetation were applied according to Curtis (1959) and Mathew et al (1993) as

follows:

Number of quadrates (plots) in which a species occurs
Total number of quadrates (plots) sampled

Frequency (F) =

. F lue f i
Relative Frequency (RF) requency value for a species 100

Total of frequency values for all species

The total number of individuals of a species
The total area of quadrates examined

Density (D) =

Density for a species

Relative Density (RD) = Total density for all species x 100

Relative dominance (percentage cover) (PC) =

The total lengths of lines covered by a species
x 100

Total length of lines examined

Importance value (IV) =
The total of the three relative measures (RF + RD -PC).
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Ecological Studies on Tha-noun (Cistanche phelypaea L)
Cout. (Orobanchaceae) in Al-Ahsa Oasis, Saudi Arabia

Farah A. Fageer and Fahad N. Assubaie

College of Science, King Faisal University
Al-Ahsa, Saudi Arabia

Abstract :

The angiospermic root parasite Cistanche phelypaca L. Cout.
(Orobanchaceae) is an obligate root parasite, which totally depends its host for
water, minerals and organic nutrients. In Al-Ahsa Oasis, Saudi Arabia, it was
found to occur on a number of natural and cultivated plant species. The natural
hosts include: Arthrocnemum macrostachyum, Anabasis articulata, Salsola
baryosma, Seidlitzia rosmarinus, Suaeda aegyptiaca, Suaeda monoica, Suaeda
vermiculata, Zygophyllum coccineum, Zygophyllum simplex, Zygophyllum
qatarense. The cultivated species were Beta vulgaris, Beta vulgaris subsp. cicla,
and Atriplex leucoclada. However, Spinacia oleracea, a cultivated species, was
found to be resistant.

Introduction :

The genus Cistanche that belongs to the family Orobanchaceae includes 16
species. They form an attractive group of phanerogamic root parasites. The
occurrence of the genus is restricted to certain arid and semi arid regions of
Africa, Asia and the Mediterranean area including parts of Southern Europe
(Blatter, 1921; Agrawal, 1984; Musselman, 1984).

In Saudi Arabia, three species of the genus Cistanche Hoffmgg et. Link
have been reported: C. Phelypaea (L.) Cout, C. tubulosa (Schenk.) R. Wight
and C. violacea (Desf.) G. Beck (Collenette, 1985). The first species is the
most common and is distributed throughout nearly all phytogeographical zones
of Saudi Arabia (Farah, 1991). However, little information is available
regarding the ecology of these plants. Hence the present study was carried OUT
to investigate the occurrence, host range, and the effect of tha-noun (Cistanche
phelypaecavm on its host plants in Al-Ahsa Oasis, Saudi Arabia.

Materials and Methods :
Field Study

Several excursions were carried out to survey the occurrence of the root
parasite tha-noun and its host plants among the native plants communities
(natural vegetation) of Al-Ahsa Oasis (25° 22" N' latitude; 49°34' E longitude)
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The stimulation effects of nitrogen fertilization in clover production may
reflect the low nitrogen fixation under the hot climate area (Maheshwari and
Anand 2003 and Huang et al. 2004). The monoculture of oat fertilized with 45
kg N ha-1 produced the lowest fresh forage yield in all cuts and their total
which probably due to low nitrogen level of the soil (15.4 meq/L). Also, it had
been reported that N fertilizer depressed clover content in the mixture
(Davidson and Robson, 1986; Caradus et al. 1993). However, this trend was
often reflected under the high level of N fertilizer as reported by Frame (1992)
who used 250-350 kg N ha™! which was not reached under the present study.

In the present study, the increase in dry forage yield with the addition of
180 kg N ha'! in Egyptian clover was 13.8 %, compared with 45 kg N ha™,
while in oat was 20.0 %. Since nitrogen fertilizers affected the growth of both
Egyptian clover and oat differentially, it is expected that significant responses
will be appear in their mixture due to N fertilization. Berdahl et al. (2001)
reported that supplemental nitrogen fertilizers did not increase total forage
yield of the grass—alfalfa mixture in all cuts, but they reported that N fertilizers
favored the growth of grass components.

Generally, it is accepted that nitrogen fertilization stimulates the grass
component of grass-legume mixtures (Nuttal et al. 1991; Caradus et al. 1993;
Berdahl et al. 2001).
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Table (8)
Fresh forage yield (t ha!) of the Egyptian clover and oat mixture in response to the interaction
between irrigation intervals and mixing rates (Combined over both seasons)

.. Cut
N Rate Mixing rate First | Second | Third Fourth Total
45 Clover100% 5.828 15.941 15.588 4.251 41.609
45 Oat 100% 16.450 11.044 3.200 0.111 30.806
45 75% Clov+25% Oat 12.800 13.219 11.427 3.371 40.817
45 50% Clov+50% Oat 13.491 12.552 10.727 2.146 38.917
45 25% Clov+75% Oat 14.235 12.362 10.225 1.062 37.884
90 Clover 100% 5.870 16.228 16.942 4.246 43.287
90 Oat 100% 17.109 11.502 3.359 0.141 32.111
90 75% Clov+25% Oat 12.973 14.988 11.983 3.308 43.254
90 50% Clov+50% Oat 13.764 13.891 11.530 2.261 41.446
90 25% Clov+75% Oat 14.867 12.735 11.440 1.640 40.682
135 Clover 100% 6.043 16.449 16.827 4.425 43.744
135 Oat 100% 17.708 11.886 3.535 0.186 33.316
135 75% Clov+25% Oat 13.276 13.388 12.141 2.943 41.750
135 50% Clov+50% Oat 14.280 13.567 11.556 2.04 41.444
135 25% Clov+75% Oat 15.888 13.337 11.456 1.957 42.639
180 Clover 100% 6.471 17.158 17.692 4.568 45.890
180 Oat 100% 18.316 12.600 3.828 0.212 34.956
180 75% Clov+25% Oat 12.468 15.034 12.684 3.344 43.531
180 50% Clov+50% Oat 14.058 14.901 12.412 2.311 43.683
180 25% Clov+75% Oat 16.764 14.180 12.658 1.736 45.338
NLSD(5%) 0.917 0.838 0.628 0.571 1.024
Table (9)

Dry forage yield (t ha™!) of the Egyptian clover and oat mixture in response to the interaction
between irrigation intervals and mixing rates (Combined over both seasons)

.. Cut
N Rate Mixing rate First Second Third Fourth Total
45 Clover100% 0.699 2.328 2.697 0.791 6.514
45 Oat 100% 1.712 2.237 1.800 0.416 6.166
45 75% Clov+25% Oat 2.319 2.225 1.397 0.371 6.312
45 50% Clov+50% Oat 1.966 2.190 2.032 0.578 6.767
45 25% Clov+75% Oat 2.093 2.181 1.938 0.296 6.507
90 Clover 100% 1.365 2.269 2.439 0.482 6.557
90 Oat 100% 1.800 2.322 1.908 0.414 6.444
90 75% Clov+25% Oat 2.359 2.374 1.515 0.400 6.649
90 50% Clov+50% Oat 2.047 2.519 2.199 0.551 7.317
90 25% Clov+75% Oat 2.207 2.337 2.191 0.405 7.140
135 Clover 100% 1.460 2.427 2.670 0.591 7.148
135 Oat 100% 1.971 2471 1.918 0.449 6.810
135 75% Clov+25% Oat 2.561 2.495 1.581 0312 6.949
135 50% Clov+50% Oat 2.168 2.364 2.263 0.554 7.350
135 25% Clov+75% Oat 2.537 2.406 2.205 0.413 7.561
180 Clover 100% 1.596 2.633 2.833 0.669 7.732
180 Oat 100% 2.062 2.627 2.018 0.461 7.169
180 75% Clov+25% Oat 2.548 2.563 1.708 0.431 7.252
180 50% Clov+50% Oat 2.110 2.595 2.422 0.554 7.682
180 25% Clov+75% Oat 2.580 2.598 2471 0.455 8.104
NLSD(5%) 0.276 0.284 0.248 0.218 0.396
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Table (6)
Fresh forage yield (t ha!) of the Egyptian clover and oat mixture in response to the interaction
between irrigation intervals and mixing rates (Combined over both seasons)

Irrigation . Cut
intervals Mixing rate First Second | Third | Fourth Total
7 Clover100% 6.701 18.016 | 18.852 | 5.568 49.137
7 Oat 100% 19.111 | 13.009 | 4.024 0.219 36.363
7 75% Clov+25% Oat 15495 | 16.369 | 14.285 | 4.124 50.272
7 50% Clov+50% Oat 16.005 | 15.856 | 13.635 | 2.857 48.354
7 25% Clov+75% Oat 17.360 | 15.394 | 13.564 | 2.186 48.505
14 Clover 100% 5920 | 16.718 | 16.797 | 4.272 43.707
14 Oat 100% 17.725 | 11.686 | 3.327 0.156 32.895
14 75% Clov+25% Oat 12.817 | 14.551 | 12.035 | 3.208 42.610
14 50% Clov+50% Oat 13.910 | 13.921 | 11.493 | 2.064 41.388
14 25% Clov+75% Oat 15.607 | 12.974 | 11.261 1.563 41.404
21 Clover 100% 5.538 | 14.599 | 14.639 | 3.277 38.052
21 Oat 100% 15.351 | 10.579 | 3.091 0.113 29.135
21 75% Clov+25% Oat 10.327 | 11.554 | 9.857 2.393 34.131
21 50% Clov+50% Oat 11.780 | 11.406 | 9.541 1.647 34.376
21 25% Clov+75% Oat 13.348 | 11.093 | 9.509 1.049 34.999
NLSD(5%) 0.791 0.727 0.539 0.510 0.887

Table (7)

Dry forage yield (t ha™!) of the Egyptian clover and oat mixture in response to the interaction
between irrigation intervals and mixing rates (Combined over both seasons)

Irrigation .. Cut
intervals Mixing rate First Second | Third | Fourth Total
7 Clover100% 0.826 2.654 3.251 1.026 7.758
7 Oat 100% 3.095 2.430 0.828 0.047 6.400
7 75% Clov+25% Oat 2.149 2.807 2.590 0.827 8.374
7 50% Clov+50% Oat 2.320 2.765 2.528 0.587 8.202
7 25% Clov+75% Oat 2.608 2.717 2.603 0.461 8.390
14 Clover 100% 0.779 2.571 3.005 0.806 7.162
14 Oat 100% 3.015 2.248 0.700 0.034 5.997
14 75% Clov+25% Oat 1.917 2.499 2.262 0.678 7.357
14 50% Clov+50% Oat 2.127 2.416 2.203 0.431 7.176
14 25% Clov+75% Oat 2.437 2.323 2.216 0.336 7.312
21 Clover 100% 0.811 2.435 2.661 0.631 6.539
21 Oat 100% 2.729 2.063 0.667 0.026 5.486
21 75% Clov+25% Oat 1.706 2.079 2.049 0.524 6.359
21 50% Clov+50% Oat 1.988 2.098 1.972 0.363 6.422
21 25% Clov+75% Oat 2.296 2.074 1.987 0.236 6.594
NLSD(5%) 0.239 0.244 0.217 0.187 0.343
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Table (4)

Fresh forage yield (t ha!) of the Egyptian clover and oat mixture in response to the

interaction between irrigation intervals and nitrogen rates (Combined over both seasons)

Irrigation Nitrogen Cut Total

interval Rate First Second Third Fourth
7 days 45 kg N/ha 14.240 14.857 11.651 2.765 43.514
7 days 90 kg N/ha 14.570 15.482 12.685 3.185 45.922
7 days 135 kg N/ha 15.257 15.891 13.170 3.029 47.348
7 days 180 kg N/ha 15.670 16.684 13.982 2.984 49.321
14 days 45 kg N/ha 12.459 13.013 10.079 2.125 37.677
14 days 90 kg N/ha 12.945 13.68 10.992 2.164 39.782
14 days 135 kg N/ha 13.663 14.297 11.219 2.293 41.472
14 days 180 kg N/ha 13.717 14.889 11.640 2.427 42.673
21 days 45 kg N/ha 10.983 11.200 8.970 1.674 32.828
21 days 90 kg N/ha 11.235 12.445 9.476 1.608 34.765
21 days 135 kg N/ha 11.398 10.989 8.921 1.608 32.916
21 days 180 kg N/ha 11.460 12.750 9.942 1.892 36.045
NLSD(5%) 1.063 1.022 0.935 0.798 1.338

Table (5)

Dry forage yield (t ha™!) of the Egyptian clover and oat mixture in response to the interaction
between irrigation intervals and nitrogen rates (Combined over both seasons)

Irrigation Nitrogen Cut Total
interval Rate First Second Third Fourth
7 days 45 kg N/ha 1.981 2.482 2.059 0.521 7.043
7 days 90 kg N/ha 2.098 2.601 2.277 0.628 7.605
7 days 135 kg N/ha 2.293 2.781 2.469 0.612 8.155
7 days 180 kg N/ha 2.428 2.834 2.635 0.599 8.496
14 days 45 kg N/ha 1.841 2.181 1.858 0.419 6.299
14 days 90 kg N/ha 1.940 2.315 2.076 0.440 6.772
14 days 135 kg N/ha 2.208 2.531 2.128 0.467 7.335
14 days 180 kg N/ha 2.232 2.617 2.247 0.501 7.598
21 days 45 kg N/ha 1.811 1.936 1.733 0.341 5.823
21 days 90 kg N/ha 1.872 2.201 1.876 0.331 6.280
21 days 135 kg N/ha 1.970 2.060 1.816 0.344 6.191
21 days 180 kg N/ha 1.977 2.405 2.047 0.408 6.838
NLSD(5%) 0.318 0.332 0.247 0.265 0.378
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Interaction effects:

The interaction between irrigation intervals and nitrogen fertilizer levels
had significant effects on fresh and dry forage yields in all cuts and their total
(Tables 4 & 5). Shortening irrigation interval to 7 days with the addition of 180
kg N ha!, produced the highest fresh forage yield (49.321 t ha™') and dry forage
yield (8.496 t ha'). On the contrary, the lowest fresh and dry forage yields
(32.828 and 5.823 t ha™') were produced under 21 days irrigation interval and
fertilizing with 45 kg N ha™!. However, the increase in fresh and dry forage
yields under 21 days intervals and 180 kg N ha™! was lower compared with 7
days irrigation intervals and 180 kg N ha™! which indicates a significant role of
frequent irrigation in N absorption and utilization.

Fresh and dry forage yields were significantly affected by the interaction
between irrigation intervals and seeding rates of Egyptian clover and oat
mixture (Tables 6 & 7). The highest fresh forage yields in all cuts and their
total was noticed with the mixture of 75 or 50 % Egyptian clover with 25 or 50
% oat under the irrigation period of 7 days. Monoculture of clover and oat was
relatively equal in their response to water deficit. The reduction in forage yield
in the monoculture of Egyptian clover and oat under water deficit (irrigation
every 21 days) reached about 29.1 and 24.8 % in fresh forage yield and 18.4
and 16.7% in dry forage yield, respectively. This trend was also reported by
Al-Khateeb (2004) on monoculture of clover and ryegrass. Therefore, it is
expected that mixing Egyptian clover and oat will not be affected by drought
probably due to the high rate of compatibility of both crops under drought
conditions. However, Thomas (1984) reported that clover was much affected
by drought in the mixture of clover and ryegrass.

The highest dry forage yield was obtained from the treatment of mixing
clover with oat and from the monoculture of the Egyptian clover when irrigated
every 7 days. The monoculture of oat with prolonging the irrigation intervals to
21 days showed the lowest dry yield, and this tend was noticed in all cuts
(Table 7).

Fresh and dry forage yields were significantly affected by the interaction
between nitrogen levels and seeding ratio of Egyptian clover and oat. The
highest dry forage yields in all cuts and their total were produced from the
mixture of 25 % Egyptian clover + 75% oat when fertilized by 180 kg N ha!. It
was followed by the mixture of 50 % Egyptian clover + 50 % oat and
monoculture of oat with the addition of 180 kg N ha™.
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Nitrogen fertilizer levels:

Fresh and dry forage yields in all cuts and their total were significantly
affected by nitrogen levels (Tables 2 & 3). Each increase in nitrogen level from
45 to 180 kg N ha'! was associated with significant increases in fresh and dry
forage yields in all cuts and their total. Total fresh yields also increased from
38.006 to 42.680 t ha™!. This increase in fresh forage yield represented 12.3 %.
Dry forage yield was increased from 6.388 to 7.644 t ha™! as nitrogen level
increased from 45 to 180 kg N ha™! (Table 3). The corresponded increases in
dry forage yield with an increase in nitrogen levels from 45 to 180 kg N ha'!
was 1.256 t ha'!, representing an increase of 19.7 % in dry forage yield. The
increase in forage yield might be attributed to the active role of nitrogen in
enhancing mixture plants growth and development. The nitrogen supply to the
plant increases the amount of protein, protoplasm and chlorophyll formed. In
turn, this influences cell size and leaf area, and thus photosynthetic activity
(Gardner et al. 1985; Salisbury and Ross 1994). Increasing forage yield of
mixture under N fertilization have been reported by Frame (1992), Schenk et
al. (1997) and Al-Khateeb (2004).

Mixing ratio:

Significant differences were found in the fresh and dry forage yields in all
cuts and their total due to the variation in the evaluated mixing ratio of the
Egyptian clover and oat mixture (Tables 2 & 3). The monoculture of oat
recorded the highest fresh (17.396 t ha'!) and dry (2.946 t ha™!) forage yields in
the first cut, while it recorded the lowest fresh and dry yields in the second,
third and fourth cuts and in the total. Similar finding was observed by Ross et
al. (2004). However, the monoculture of Egyptian clover produced the lowest
fresh and dry forage yields in the first cut only, while it surpassed all tested
mixing ratio in the second, third and fourth cuts as well as in the total fresh
yield/ ha/ season. Mixing 25 % Egyptian clover with 75 % oat produced the
highest dry forage yield (7.437 t ha'). While, mixing 75% clover with 25 %
oat ranked the second in total fresh and dry forage yields (7.363 t ha).
However, fresh and dry forage yields of mixing Egyptian clover and oat with
any ratio significantly surpassed the monoculture of oat. Holland and Brummer
(1999) found that adding oat to clover increased total crop biomass and forage
plant health. This trend was also noticed by other working with other grasses-
clover mixtures (Bassal and Zahran 2003; Al-Khateeb 2004).
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Table (2)

Fresh forage yield (t ha™) of the Egyptian clover and oat mixture in response to
irrigation intervals, N levels and seeding rates (Combined over both seasons)

Treatments First Second Third Fourth Total
A_Irriaation intervals:
days 14.934 15.729 12.872 2.991 46.526
14 days 13.196 13.969 10.983 2.252 40.401
21 days 11.269 11.846 9.328 1.696 34.138
BLSD(5%) 1.285 1.217 1.134 0.895 1.761
B. Nitrogen Levels
45 kg N/ha 12.561 13.024 10.234 2.188 38.006
90 kg N/ha 12.917 13.869 11.051 2.319 40.156
135 kg N/ha 13.439 13.726 11.103 2.310 40.578
180 kg N/ha 13.615 14.775 11.855 2.434 42.680
BLSD(5%) 0.608 0.594 0.542 0.457 0.772
C. Mixing rate
Clover100% 6.053 16.444 16.762 4.373 43.632
Oat 100% 17.396 11.758 3.481 0.163 32.797
75% Clov+25% Oat 12.879 14.157 12.059 3.242 42.338
50% Clov+50% Oat 13.898 13.728 11.557 2.190 41.373
25% Clov+75% Oat 15.439 13.153 11.445 1.599 41.636
BLSD(5%) 0.458 0.418 0.311 0.289 0.512
Table (3)

Dry forage yield (t ha™) of the Egyptian clover and oat mixture in response to
irrigation intervals, N levels and seeding rates (Combined over both seasons)

Treatments First Second Third Fourth Total
A lIrrination intervals-
7 days 2.200 2.675 2.360 0.590 7.825
14 days 2.055 2.411 2.077 0.457 7.001
21 days 1.907 2.151 1.868 0.356 6.283
BLSD(5%) 0.208 0.200 0.228 0.191 0.382
B. Nitrogen Levels
45 kg N/ha 1.878 2.2 1.883 0.427 6.388
90 kg N/ha 1.970 2.372 2.076 0.467 6.885
135 kg N/ha 2.157 2.458 2.137 0.474 7.227
180 kg N/ha 2.212 2.619 2.310 0.503 7.644
BLSD(5%) 0.180 0.189 0.139 0.148 0.218
C. Mixing rate
Clover100% 0.806 2.553 2.973 0.821 7.153
Oat 100% 2.946 2.247 0.732 0.036 5.961
75% Clov+25% Oat 1.924 2.462 2.300 0.676 7.363
50% Clov+50% Oat 2.145 2.426 2.235 0.461 7.267
25% Clov+75% Oat 2.450 2.373 2.270 0.345 7.437
BLSD(5%) 0.138 0.141 0.123 0.108 0.199
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Table (1)

Temperature, Relative humidity, RH (%), rainfall (mm/month) and transpiration rate,
TR (mm/day), over 2000/2001 and 2001/2002 seasons in Al-Hassa area.

Month Temperature RH% Rainfall TR
Maximum | Minimum | Average mm/month) - mm/day

October 38 22 30 52 0 12
November 32 17 25 60 0 8
December 26 12 19 66 6 6
January 21 9 15 65 9 5
February 24 12 18 64 12 7
March 29 16 23 55 15 10
April 34 20 27 48 3 14

Results and discussion:
Irrigation treatments:

Fresh and dry forage yields of Egyptian clover-oat mixture in all cuts and
their total over both seasons were significantly affected by irrigation intervals
(Tables 2 & 3). Irrigation every 7 days showed the highest fresh and dry forage
yields in all cuts and their total. Total fresh forage yield decreased from 46.526
to 40.401 and 34.138 t ha'!, with about 13.2 and 26.6 % reduction as water
deficit increased due to increasing the irrigation intervals from 7 to 14 and 21
days, respectively. Also, increasing the irrigation frequency from 14 to 21 days
resulted in 15.50 % reduction in the fresh forage yield. The dry forage yield in
all cuts and total showed the same trend of the fresh forage yield which was
significantly decreased from 7.825 to 6.283 t ha' with increasing irrigation
intervals from 7 to 21 days (Table 3). The reduction in the total dry fodder
yield was 10.53 and 19.71 % with increasing irrigation frequency from 7 to 14
and 21 days, respectively. The reduction in dry forage yield due to the increase
of irrigation intervals was much pronounced with the increase of water deficit
time. The reduction in dry forage yield under 21 days irrigation interval was
13% in the first cut compared with 40% in the fourth cut. Such effects were
also noticed by other investigators on grass-clover mixture (Lucero et al. 1999;
Al-Khateeb 2004).
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Soil samples from the experimental site were taken at random from the
upper 30 cm of the soil surface for physical and chemical analysis. Results of
soil analysis showed that the soil was sandy loam in texture (sand= 55.2 %,
silt = 36.0 %, clay = 8.3 %) with pH 7.5, ECe = 4.5 dsm™ CaCOs = 20.8 %
and organic matter= 0.11%. N, Na, K, and Ca contents were 15.8, 13.7, 20.4
and 10.4 meq L', respectively.

Temperature, rainfall, relative humidity and transpiration rate readings at
the experimental field site during the experiment period are shown in Table 1.
Seedbed for the experimental field was well prepared and the field area was
divided into experimental units by constructing alleys and shallow irrigation
channels.

Seeds of the mixture with the aforementioned seeding rates were hand-
sown in 10 cm apart rows. Seeds of Egyptian clover (Trifolium alexandrinum
L.) cv. “Meskawi” at the rate of 75 kg ha™! and oat (Avena fatua L.) cv. “Coker
227 at 120 kg ha! were used. Sowing took place during the last week of
October in both seasons. After sowing, all plots were fertilized with 50 kg
P20s ha'!l. Nitrogen in the form of urea (46 % N) with the previously
mentioned rates was added into 4 equal portions, 30 days after sowing and
after the first, second and third cuts. Four cuts were taken. The first cut was 60
days after sowing, while the other three cuts were taken at about 40 days
between. In each cut, fresh forage yield in the inner 2.0 m? was estimated to
the nearest gram and converted to record fresh yield (t/ha). Plant samples of
forage yield were dried at 85 °C for 48 hours to determine dry matter content
(DM %). The dry forage yield was estimated by multiplying fresh forage yield
x DM %.

Data of each cut and their total in every season were statistically analysed
using the technique of the Analysis of variance of the split split plot design
(Gomez and Gomez 1984). Thereafter, the assumption of normality and the
homogeneity of variance of the experimental errors was checked according to
Bartlet method which showed an appropriate homogenous of errors variance.
Therefore, the combined analysis over both seasons was done using the SAS
version 8.0 (SAS, 2001). The treatment means were compared using the
Baysian Least Significant Difference (BLSD) at 5 % level of probability
(Waller and Duncan, 1969).
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Water soil deficit reduced the productivity of legume-grass mixture
(Lucero et al.1999; Al-Khateeb 2004). If the component of the mixture is
different in responses to drought conditions, the response of mixtures
productivity will be substantially disturbed (Lucero et al.1999).

Numerous investigators found advantages in forage yield and quality for
mixing clover with oat (Ghaffarzadeh 1997; Holland and Brummer 1999;
Thorsted et al. 2002; Bassal and Zahran 2003; Ross et al. 2003; McAnderws et
al. 2004; Ross et al. 2004). Grass-clover mixtures have been reported to out
yield clover or grass in solid planting (Ghaffarzadeh 1997; Al-Khateeb et al.
2001; McAnderws et al. 2004; Ross et al. 2004).

The grass/clover relationship is highly affected by nitrogen fertilization
(Davidson and Robson 1986; Caradus et al.1993; Shareif et al. 1996). Frame
(1992) reported that increasing level of nitrogen fertilization on grass/white
clover sward increased total herbage production linearly up to N rates of 250—
350 kg N ha'l. However, 90 % of maximum herbage production was achieved
with only 50-60 % of the nitrogen needed to attain the maximum production.
Al-Khateeb (2004) showed that increasing nitrogen levels up to 180 kg N ha’!
was associated with marked increases in fresh and dry forage yields of
Egyptian clover-ryegrass mixture.

This study was aimed to evaluate effects of irrigation frequency, nitrogen
fertilizer levels and mixing ratio of Egyptian clover and oat on fresh and dry
forage yields.

Materials and methods:

Two field experiments were conducted at the Agricultural and Veterinary
Training and Research Station, King Faisal University, Al-Hassa (latitude 25°
21" and 25° 37' N and longitude 49° 33' and 49° 46' E) during the winter
seasons of 2000/2001 and 2001/2002. A split split-plot in randomized
complete block design with 4 replicates was used. Three irrigation intervals, 7,
14 and 21 days with 500, 650 and 800 m®/ha/irrigation, consuming water of
13000, 9200 and 7600 m> ha!/season, respectively were assigned to the main
plots. Four nitrogen fertilizer levels, 45, 90, 135 and 180 kg N ha’!, were
assigned to the sub plots. The sub sub-plots were assigned to the following
mixing ratio: solid Egyptian clover or oat (100%), 75% Egyptian clover + 25%
oat, 50% Egyptian clover + 50% oat and 25% Egyptian clover + 75% oat. The
experimental unit dimension was 2.5 x 4.0 m.
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Effect of Irrigation Frequency, N- Fertilizer Levels and Mixing
Ratio of Egyptian Clover-oat on Forage Yield

Al-Khateeb, S.A.; A.A. Leilah and S.S. Al-Thabet

Crops and Range Dept., College of Agric. & Food Sciences
King Faisal University, Al-Hassa, Saudi Arabia

Abstract:

Effects of irrigation frequency, nitrogen fertilizer levels and mixing ratio of
Egyptian clover-oat on forage yield were evaluated in a split split plot design with
four replicates. Three irrigation intervals, 7, 14 and 21 days consuming 500, 650
and 800 m® ha'! /irrigation with water consumption of 13000, 9200 and 7600 m?
ha! in the season, respectively were assigned to the main plots. Four nitrogen
fertilizer levels, 45, 90, 135 and 180 kg N ha"! were assigned to the sub plots. The
sub sub-plots were assigned to the following mixing ratio: solid Egyptian clover
or oat (100%), 75% Egyptian clover + 25% oat, 50% Egyptian clover + 50% oat
and 25% Egyptian clover + 75% oat. Combined analysis of data over all cuts in
both seasons showed that irrigation every 7 days showed the highest fresh and dry
forage yields ha!. Increasing nitrogen level (180 kg N ha!) produced the highest
fresh and dry forage yields. The monoculture of Egyptian clover produced the
highest fresh yield/ ha /season. However, the mixtures of 25 or 75 % Egyptian
clover and 75 or 25 % oat produced the highest dry forage yields ha'! in the
season. The interaction between irrigation intervals X nitrogen levels, irrigation
intervals X mixing ratio and nitrogen levels X mixing ratio had significant effects
on forage fresh and dry yields. Mixing 25 % Egyptian clover with 75 % oat seeds
and fertilizing with 180 kg N ha! under irrigating interval of 7 days showed the
highest dry forage yield under Al-Hassa conditions, Saudi Arabia.

Introduction:

The sustainability of grass cropping system could be improved by adding
legumes. Egyptian clover (Trifolium alexandrinum L.) is one of the most
important forage legume crops in some world countries particularly that has
long winter season with cold-moderate temperature. In the Kingdom of Saudi
Arabia, Egyptian clover has been introduced with special emphasis to the
agriculture sector as untraditional forage crop. The importance of this crop lies
on its low irrigation water requirements and the high forage productivity and
quality during winter and spring seasons (Al-Khateeb 2004). It can be grown
during winter seasons to overcome the water shortage recently appeared in
Saudi Arabia. Recent studies have been done under the Saudi Arabia
conditions to evaluate the cultivation of Egyptian clover and grasses mixtures
in terms of forage quality and quantity (Al-Khateeb et al. 2001 and Al-Khateeb
2004).
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Table (5)
Repellency of essential oils to T. castaneum.

Plant Oil Repellency at concentrations (%) Means
0.125 0.25 0.5 0.75 1
C. camphora 27.84 40.57 38.95 37.04 54.35 39.75¢
C. winterianus 37.17 34.72 43.4 49.41 42.77 41.49 ¢
M. chamomilla 75.26 72.31 76.83 73.71 84.73 76.57 a
M. viridis 18.11 24.49 25.34 21.33 22.34 22.32d
P. amygdalus 47.07 63.25 62.21 65.55 55.2 58.66 b
R.. officinalis 37.69 33.13 46.83 44.71 45.12 41.50 ¢
S. chinensis 41.49 37.31 41.78 47.74 42.26 42.12 ¢
Mean 40.66a | 43.68a | 4791a | 48.50a | 49.54a

Means followed by the same letter (s) are not significantly differ at 5% level of probability
LSD (5%) for oil x concentration = N.S

Also, Tripathi et al., (1999) reported that fruit oil of Piper retrofractum
exhibited high repellency against T. castaneum (52, 76 and 90 %) at 0.5, 1 and
2% concentrations.

Pasccual-Villalobos (1999) screened wild species of 21 botanical families
and reported that compositae species had a tendency to induce either growth
inhibition (with or without mortality) or repellency on T. castaneum.
Moreover, Abubakr et al., (2000) reported a repellent and antifeedant
properties of Cyperus articulatus against T. castaneum. From These results it
appeared that, complete mortality of O. surinamensis was achieved by M.
viridis, M. chamomilla and C. camphora at concentration more than 0.5%,
While, 1% of P. amygdalus or C. winterianus gave complete mortality of T.
castaneum after two weeks of exposure. Therefore, one can conclude that
these potent essential oils might be useful for management control of stored
product beetles.
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Table (3)
Toxicities of the essential oils against O. surinamensis and T. castaneum
at different concentrations of essential oils and exposure time

Mortality (%)
Treatments - -
O. surinamensis T. castaneum
Plant oils
C. camphora 72.8 b 52.2b
C. winterianus 66.7 be 49.7b
M. chamomilla 69.7b 327¢
M. viridis 92.0a 47.1b
P. amygdalus var amara 56.3d 61.8a
R. officinalis 42.7¢ 17.1d
S. chinensis 613 cd 47.0b
Concentration
0.125 % 50.8d 28.7d
0.250 % 60.1 c 35.6 ¢
0.500 % 66.4b 46.5b
0.750 % 73.8 a 51.0b
1.000 % 78.5a 579a
Exposure time
24 h 49.8 ¢ 204 ¢
48 h 67.7b 34.7b
72 h 80.3 a 76.7 a
Table (4)
Repellency of essential oils to O. surinamensis.
Plant Oil Repellency at concentrations (% Means
0.125 0.25 0.5 0.75
C. camphora 39.35 28.46 38.79 39.55 39.46 37.12 ¢
C. winterianus 30.52 41.32 45.55 45.94 43.33 4133 ¢
M. chamomilla 74.15 68.67 69.22 64.9 81.94 71.78 a
M. viridis 33.63 34.23 31.04 31.93 33.99 3296 ¢
P. amygdalus 42.35 41.27 68.46 68.72 67.84 57.73 b
R.. officinalis 40.45 45.79 48.44 69.97 61.78 53.29b
S. chinensis 14.13 32.97 44.92 48.78 64.66 41.09 ¢
Mean 39.23b | 41.82b | 4949a | 52.83a | 56.14a

LSD (5%) for oil x concentration = 18.40
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Table (2): Toxicities of the essential oils against T. castaneum.

. Concentration Mortality (%) after
Plant oil (%) 3 Days 1 Week 2 Weeks Mean
0.125 15.0 283 76.7 20.0
0.250 35.0 1.7 56.7 344
0.500 20.0 533 933 63.9
C. camphora 0.750 333 317 90.0 60.0
1.000 333 617 933 62.8
Mean 323 23 82.0 522
0.125 5.0 133 783 33.0
0.250 183 20.0 733 372
o 0.500 133 333 80.0 )
C. winterianus 0.750 383 51.7 983 2.8
1.000 417 75.0 100.0 722
Mean 233 397 86.0 497
0.125 5.0 1.7 633 26.7
0.250 16.7 83 333 19.4
. 0.500 5.0 233 833 372
M. chamomilla 0.750 33 75.0 %83 38.9
1.000 6.7 26.7 90.0 411
Mean 73 19.0 717 327
0.125 6.7 17 333 15.6
0.250 317 20.0 70.0 20.6
o 0.500 233 45.0 96.7 35.0
M. viridis 0.750 133 61.7 100.0 383
1.000 76.7 66.7 85.0 66.1
Mean 53 10.0 36.0 7.1
0.125 133 16.7 95.0 117
0.250 45.0 133 95.0 611
0.500 133 617 100.0 60.0
P. amygdalus 0.750 1.7 70.0 100.0 60.6
1.000 60.0 967 100.0 856
Mean 297 377 93.0 618
0.125 5.0 5.0 36.7 15.6
0.250 50 6.7 25.0 122
L 0.500 50 83 35.0 16.1
R. afficinalis 0.750 5.0 133 36.7 183
1.000 6.7 16.7 46.7 233
Mean 53 10.0 36.0 7.1
0.125 6.7 15.0 61.7 278
0.250 33 16.7 733 344
o 0.500 15.0 383 100.0 311
S. chinensis 0.750 15.0 333 100.0 378
1.000 217 433 917 530
Mean 15.0 283 76.7 0.0

LSD 5% (Oil x Concentration) = 13.8

LSD 5% (Oil x Killing time) = 10.7

LSD 5% (Concentration x Killing time) = 9.0
LSD 5% (AxBx C)=23.9
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Table (1) Toxicities of the essential oils against O. surinamensis.

. Concentration Mortality (%)
Plant oil (%) 3Days | 1 Week [ 2 Weeks | Mean
0.125 25.0 46.7 333 33
0.250 35.0 61.7 883 633
0.500 90.0 96.7 100.0 956
C. camphora 0.750 60.0 65.0 783 67.8
1.000 86.7 86.7 933 88.9
Mean 633 713 837 728
0.125 317 35.0 90.0 33.9
0.250 33 60.0 66.7 36.7
o 0.500 367 683 733 594
C. winterianus 0.750 70.0 85.0 883 811
1.000 367 85.0 90.0 772
Mean 477 70.7 817 66.7
0.125 16.7 35.0 883 333
0.250 25.0 61.7 86.7 378
. 0.500 35.0 66.7 80.0 60.6
M. chamomilla 0.750 75.0 9383 100.0 91.1
1.000 65.0 933 9383 856
Mean 33 75.0 90.7 69.7
0.125 36,7 783 833 728
0.250 95.0 933 933 97.2
o 0.500 86.7 983 983 944
M. viridis 0.750 96.7 100.0 100.0 93.9
1.000 96.7 96.7 96.7 96.7
Mean 863 943 953 92.0
0.125 217 317 833 322
0.250 217 45.0 633 45.0
0.500 217 417 783 472
P. amygdalus 0.750 333 733 86.7 64.4
1.000 46.7 90.0 817 28
Mean 29.0 503 79.7 563
0.125 133 417 367 372
0.250 233 417 80.0 433
o 0.500 417 55.0 717 56.1
R. afficinalis 0.750 25.0 333 35.0 311
1.000 383 35.0 433 40.6
Mean 2383 113 383 7
0.125 283 45.0 40.0 37.8
0.250 35.0 0.0 66.7 472
o 0.500 46.7 33 65.0 517
S. chinensis 0.750 66.7 86.7 933 )
1.000 75.0 90.0 9383 87.8
Mean 503 61.0 727 613

LSD 5% (Oil x Concentration) = 1.51 NLSD 5% (Oil x Killing time) = 11.7
LSD 5% (Concentration x Killing time) = 9.9
LSD 5% (AxBx C)=26.1
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insecticides against T. castaneum and O. surinamensis has been studied. Those
beetles have shown susceptibility to plant-derived chemicals (Jilani et a.l,
1988; Tripathi et al., 2000; Kim et al., 2003). Owsu (2001) on the other hand
reported that, extracts of Ocimum viride leaves at 0.1 mg/ml proved to be the
most effective in the control of T. castaneum and S. oryzae after ten days of
treatments.

Repellent action of essential oils to O. surinamensis

The repellent action of the above mentioned essential oils was also studied.
Data in (table 4) showed that M. chamomilla had strong repellent action
(81.94%). Moreover, the statistical analysis revealed a significant difference
between this oil and the other oils. However, M. viridis had less repellent
action (32.96%). The rest of essential oils had a moderate repellent action.

Repellent action of essential oils to T. castaneum

The repellent action of the above mentioned essential oils was also studied
against T. castaneum. Data in (table 5) showed that M. chamomilla had the lead
in repellent action where repellent percentage reached 84.73% at 1%
concentration. Statistical analysis revealed a significant difference between M.
chamomilla and other tested essential oils in their repellent actions. Mentha
viridis had less repellent action (22.32%) against T. castaneum. The rest of
essential oils had moderate repellent actions between 22.32-76.57 %. In
general, M. chamomilla had strong repellent action and M. viridis had a weak
one to both insect species. Similar data were obtained by Owsu (2001) who
reported that extracts of Ocimum viride leaves at 0.1 mg/ml showed strong
repellent activity and deterred T. castaneum feeding after ten days of
treatments.
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significant was used to compare treatment means (Waller and Duncan, 1969).
Computations were done using SAS (1996).

Results and Discussions
Efficacy of essential oils to O. surinamensis_

The insecticidal activity of the following essential oils: C. camphora, C.
winterianus, M. chamomilla, M. viridis, P. amygdalus var amara, R. afficinalis
and S. chinensis were tested against O. surinamensis (Table 1). The data
indicated that, C. winterianus at a concentration of 0.125 % was the most toxic
oil followed by M. chamomilla, M. viridis and P. amygdalus where 90, 88.5,
83.3 and 83.3 % of mortality were achieved, respectively. Simmondsia
chinensis was the least toxic essential oil among the others (45% of mortality).
Complete mortality was achieved at a concentration of 0.75% of M. viridis and
M. chamomilla or at 0.5% of C. camphora. The highest concentration (1%) of
S. chinensis gave 98.3% of mortality followed by M. viridis, C. camphora, and
C. winterianus where 96.7, 93.3 and 90% of mortality were achieved along two
weeks of exposure. Mortality percentage increased with exposure time of the
same concentration. Statistical analysis (Table 3) revealed that M. viridis had a
significant efficacy to O. surinamensis than other essential oils. Moreover, O.
surinamensis was more susceptible to tested oils than T. castaneum.

Efficacy of essential oils to T. castaneum

The insecticidal activity of the previous essential oils against T. castaneum
is shown in (table 2). Data of the accumulative mortality of T. castaneum adult
along two weeks of exposure to essential oils revealed that P. amygdalus was
the most effective essential oil against the adults that gave 95% of mortality at
0.125% concentration and a complete mortality at a concentration of 0.5 %.
Rosmarinus afficinalis was the least toxic essential oil to T. castaneum where <
50% of mortality was achieved at 1% concentration. Complete mortality of T.
castaneum was achieved at concentration of 1% of C. winterianus , 0.75%
of M. viridis and 0.5 % of P. amygdalus and/or S. chinensis. Mortality was
increased with increasing exposure time. Statistical analysis revealed that P.
amygdalus along two weeks of exposure had a significant efficacy compared
with the other tested essential oils. Data also revealed that R. afficinalis was the
less toxic essential oils to both insect species (table 3). The effectiveness of
many plant extracts and essential oils as repellents, antifeedents and
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Contact toxicity

Five dilutions of each oil (1, 0.75, 0.5, 0.25 and 1.25 % w/w) were prepared
in acetone. Aliquots of 1 ml of each dilution were sprayed on twenty grams of
wheat by using Potter Precision Laboratory Spray Tower (Burkard, Co.
Limited, Rickmansworth, Herts, England) to achieve homogeneous distribution
of oil. Wheat moisture content was 12.5%. Treated wheat was placed in 250 cc
flasks. After acetone evaporation for an hour, ten unsexed adults of O.
surinamensis or T. castaneum were introduced to each flask. Flasks were
covered with a piece of muslin by the aid of rubber band. The control and
treatments were replicated four times. Flasks were kept under laboratory
conditions for two weeks. Insect mortalities were determined and calculated
after 3, 7 and 14 days from exposure, according to the formula of Abott (1925).

Repellency

Pervious concentrations of plant essential oils were also assayed for their
repellency to O. surinamensis or T. castaneum. An apparatus consisted of two
plastic pipes (5 cm dia. and 25 cm long/ each) was designed. The two pipes
were joined together with a T-shape pipe to form one 50 cm long pipe with
three openings. Two polyethylene bags contain treated and non-treated wheat
was tied to both ends. Groups of twenty newly emerged adults of O.
surinamensis or T. castaneum were released in the test arena between the two
joined pipes through converted T-shape tube ( 2L ), then the upper end closed
with a piece of muslin by the aid of rubber band. The control and treatments
were replicated four times. The apparatus were kept under laboratory
conditions for 48 hours then insects were counted in both treated and non-
treated bags.

The repellency percentage (RP) was calculated using the method of Jilani
et al., (1988). All repellency assays were conducted in the laboratory. Insects
that died during experimental period were replaced by the same aged adults
from the same treatments.

Statistical analysis
Collected data were statistically analyzed according to Gomez and Gomez
(1984) method. The Least significant difference (LSD) at 0.05 % level of
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attention and several were of natural products evaluated for their insecticidal
efficacy. For instance, Singh and Singh (1991) screened 31 essential oils from
different botanical sources against the house fly Musca domestica L., and
reported repellent and insecticidal activities against this species. The
effectiveness of many botanical oils against stored grain insects has already
been demonstrated (Su, 1990, Dunkel and Sears, 1998 and Tripathi et al.,
2000). Many types of spices and herbs are known to possess anti-insect
activities (Tripathi et al., 1999) especially in the form of essential oils (Shaaya
et al., 1995). Also, it may be possible to use botanical extracts, edible oil
and/or develop environmental manipulation strategies for effective insects
control (Evans, 1987; Jacob and Fleming, 1989; Zewar, 1993; Xie et al., 1995;
Trematerra and Lanzotti, 1999). In the meantime, the repellent, deterrent and
biological effects of some plant materials against stored product insects have
been studied by many researches (Harish et al., 2000; Tripathi et al., 2002;
Kim et al., 2003).

This study was initiated to evaluate the toxicity and repellency of some
essential oils against T. castaneum and O. surinamensis

Materials and Methods
Insect

Tribolium castaneum and O. surinamensis cultures were reared under
laboratory conditions (27°C and 70 + 5 RH.). Adult insects 1-3 weeks old were
collected and used for the bioassay tests.

Plant essential oils

Seven commercially available essential oils were tested in this study. Four
of them were obtained from Shanghai Chemical Industrial Co., Shaanghai,
China (Mint, Mentha viridis; Camphor, Cinnamomum camphora; Citronella,
Cymbopogon winterianus; Hasa Luban, Rosmarinus afficinalis), one from
Human Provincial Native Co., China (Almond, Prunus amygdalus var amara)
and two from Givaudan-Roure, France (Babonj, Matricaria chamomilla and
Jojoba, Simmondsia chinensis). These oils were assayed against
O. surinamensis and T. castaneum adults.
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Toxicity and Repellency of Seven Plant Essential Oils to
Oryzaephilus surinamensis (Coleoptera: Silvanidae) and
Tribolium castaneum (Coleoptera: Tenebrioidae)

Ahmed M. Al-Jabr
Plant Protection Dept., College of Agricultural and Food Sciences,
King Faisal University, Al-Ahssa, Saudi Arabia

Abstract :

Seven essential oils of Cinnamomum camphora, Cymbopogon winterianus,
Matricaria chamomilla, Mentha viridis, Prunus amygdalus var amara,
Rosmarinus afficinalis and Simmondsia chinensis were evaluated in the
laboratory for their toxicities and repellent effectiveness against adults of saw-
toothed grain beetle, Oryzaephilus surinamensis (L.) and rust-red flour beetle,
Tribolium castaneum (Herbst). Five concentrations of every essential oil (0.125,
0.25, 0.5 and 0.75 and 1 %) were tested. Adult beetles were exposed to the
treated wheat for 2 weeks. Percent of mortality was recorded after 3 days, one
week and two weeks from exposure. The repellent action of the previous
essential oils was also studied using same concentrations used in toxicity tests.
Results showed that complete mortality of O. surinamensis was achieved by M.
viridis, M. chamomilla and C. camphora at concentration more than 0.5%.
Although, 1% of P. amygdalus or C. winterianus gave complete mortality of T.
castaneum after two weeks of exposure. Conversely, R. afficinalis was the least
toxic to both insect species. The rest of essential oils gave an adequate toxicity
to both insect species. Pronounced increase of mortality was observed for most
of essential oils with increasing time of exposure. Tribolium castaneum was less
susceptible to tested oils compared with O. surinamensis. Moreover, M.
chamomilla exhibited high repellency 81.94% and 84.73% at 1% concentration
against O. surinamensis and T. castaneum, respectively.

Introduction :

Stored product insects are a perennial problem in retail stores, where they
damage and contaminate susceptible merchandise such as food products and
animal feed. In stored grain, insect damage may account for 10-40% of loss
worldwide (Matthews, 1993). Oryzaephilus surinamensis and Tribolium
castaneum are the most common species attacking stored grain and other
products. Insect control in stored product relies heavily on the use of gaseous
fumigants and residual insecticides, both of which can pose serious hazards to
warm-blooded animals and environment. Natural products are well known to
have a range of useful biological properties against insect pests (Arthur, 1996).
Recently, research on natural products in the form of extracts has received
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Standard Algorithm Genetic Algorithm Classification Algorithm

Image
Rate Quality | Time Rate Quality | Time Rate Quality | Time

Boat using 8x8
decomposition 17.06:1 23.95 db 28m 35s 17.06:1 22.93 db 16s 17.06:1 | 2291 db
schema

Im
10s

Boat using 4x4
decomposition 4.2:1 31.95 db 16m 28s 4.2:1 30.88 db 36s 4.2:1 31.12db Im

schema
Boat using
QuadTree 114851 | 3201db | 1:10:11 | 9.88:1 | 3325db | 42s | 973:1 | 30.05db | 2T
decomposition 55s
schema

Conclusion :

It is clear that the best image quality is always obtained using the standard
schema, but its computation time makes it unpractical. So we must accept less
quality in favor of quick compression. The Fisher’s approach was proposed to
satisfy this constraint. Our main goal was to accelerate standard compression
schema, without greatly decreasing both image quality and compression ratio.

The results presented above prove that the genetic fractal compression
algorithm seems to be the best. Further more this work demonstrates the
genetic algorithm ability to solve complex problems.
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RMS Limit | Execution Time | Quality (db) Compression Ratio Ranges count

0.0 2m44s 35.66 db 4.29:1 4069 block
2.0 1m56 s 35.03 db 6.35:1 2770 block
4.0 49 sec 34.89 db 9.28:1 2023 block 1792
5.0 43 sec 34.80 db 9.82: 1 block

8.0 36 sec 34.5db 9.95:1 1768 block
10.0 33 sec 30.5db 10.05 :1 1750 block
15.0 21 sec 22.33 db 13.66 :1 1288 block
20.0 14 sec 19.36 db 19.34 :1 910 block
25.0 15 se 19.01 db 26.25 :1 670 block

Figure 10. Different compression results of Boat image while applying different values of
RMS error limit

Image Quality (db)
1

n
Tel—mea

-

\

T T
10 15

RS error limit

Figure 11. Boat image quality variation
according to RMS limit values

Compression Ratio

T
o 5 10

T
14 0 24

RM S error limit

Figure 12. Boat image compression rate
variation according to RMS limit values

Figure 13- Original Image of the Boat

Figure 14- Image of the Boat after
restitution RMS=5.0 (Ratio 9,14:1)
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4x4 Decomposition :

High quality is always obtained in this schema with all proposed
algorithms, but the genetic algorithm increases greatly compression speed. The
compression ratio is very low. Figures 8 and 9 shows decompressed and
original image of Lena with RMS=5.0. Table in figure 10 gives results for
genetic, standard and classification compression schema applied to Boat image.

Figure 9- Decompressed Image with 4X4
Figure 8- Original Image of the Boat decomposition scheme using genetic
algorithm

Genetic Algorithm With Quadtree Decomposition :

The QuadTree schema is the best way to decompose compressed image,
and to make range blocks suitable to the image content. The major problem is
the high computation time. The quality of the decompressed image
depends only on RMS error because different size of range blocks can be used
according to the current image area. Genetic algorithm, used with this method,
improves compression speed. If we decrease the error limit, we obtain good
image quality without greatly slowing the compression process: this is the main
advantage of our implementation. The following table show different
performances with different value of RMS error limit using fixed value for
other parameters: population size=100, mutation rate = (0.1, crossover rate =
0.7 and maximum generations count =20. figures 11 and 12 shows that image
quality is inversely proportionate to RMS error limit. And compression ratio is
proportionate to that value. The compromise value of this parameter is 5.0, it
gives very acceptable performances.
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Tests and Results
Genetic Compression Algorithm With Regular Partition

The decomposition schema is a regular partition with 8x8 and 4x4 block
size. The genetic algorithm optimises the domain block search. Results are as
follow:

8X8 Decomposition

With crossover rate fixed to 0.7, mutation rate to 0.1 and population size to
100. Figure 5 gives results for genetic, standard and classification compression
schema applied to Boat image. It is clear that genetic schema greatly reduces
compression time without significant loss of image quality. Figures 8 and 9
shows restitution of Boat and Barb images. Figures 6 and 7 show quality and
compression ratio variations for different RMS error.

RMS =2.0 RMS =5.0 RMS =10.0 RMS =15.0
Standard PSNR=24.25 db PSNR=23.95 db PSNR=23.12 db PSNR=22.62
Algorithm Results Time=35m 18 s Time=28 m35 s Time=21 m 69 s Time= 18 m32s
Genetic Algorithm PSNR=23.56 db PSNR=22.93 db PSNR=22.51 db PSNR=22.01 db
Results Time=24 s Time=16s Time=12's Time=9 s
Classification PSNR=22.11 db PSNR=22.11 db PSNR=20.01 db PSNR= 19.66 db
Algorithm Results Time=1m 56 s Time=1m 09 s Time= 56 s Time=44s

FigureS. Results for the three presented algorithms with 8x8 regular partition
Applied to Boat image.

Image Quality {db)
Compression Time (sec)
L L

RMS error limit
RM S error limit

Figure 6. Boat image Quality variation for
different RMS error

Figure 7. Boat image Compression ratio
variation for different RMS error
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Parameters inherent to the genetic algorithm:

Population size;
Crossover rate;
Mutation rate;

Number of generations.

Parameters inherent to the fractal image compression schema are :

The range blocks decomposition size (used with regular partitioning);

The lowest block size used for ranges decomposition (in the case of
QuadTree schema);

The number of flips and isometrics applied to each domain block;

The decomposition error limit, this parameter is introduced to improve the
QuadTree decomposition schema;

The RMS error limit fixed to decide if a given transformation is accepted.
The number of bits used to quantify and code luminance and contrast
parameters, fixed experimentally to 5 and 7 bits respectively.

Population Size 100
Maximum generations 20
Crossover rate From 0.7 to 0.8
Mutation rate 0.1

RMS limit 5.0
Decomposition error limit 10.0
Flips and isometrics count 8

Figure 4. Optimal set of parameters

The values of range blocks size and lowest decomposition level depends on

the used decomposition schema, they are fixes in the case of regular
partitioning. For the QuadTree decomposition, we set the lowest block size to
4x4 pixels to achieve highest reconstruction quality, and to 8x8 to obtain
acceptable quality with high compression ratio. In the following, we present
the obtained results for different decomposition methods and with different
parameters combinations, A comparison with both standard and classification
based algorithms is also presented and discussed.
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Rand([0,L]) Yaom| Flip

Random

value R Xiom | Rand([0.W]) | Flip

Xdom Y dom Fl lp —_—

Xiom | Yaom | Rand([0,7])

Figure 3. Mutation operator schema

Selection Process :
To avoid the premature convergence effect, linear scaling is applied to each
individual fitness. Then, the Roulette wheel method is used as a selection

process.

Termination Criteria
When applied to a given range block, two criteria can cause the genetic
algorithm termination:
¢ An individual with an acceptable fitness is found;
e The last generation is reached (either by setting up a finite number of
generations or a fitness limit (.99) as criteria to terminate the search
algorithm).

Genetic-Compression Algorithm (Input | :256x256 gray scale image, Output W: Coded IFS);

Decompose the input image into range blocks according to the decomposition schema;
For each block R in Ranges(l) do
- Generate a random population of chromosomes;
- Compute fitness for all individuals;
While (No optimal domain block is found) and (last generation is not reached) do
- Generate a new population:
{Use selection process,
Apply Crossover and Mutation operators};
- Compute fitness for all individuals of the new generation;

End While;
- Write obtained transformation parameters to the output W;
End For.
End GCA.
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Crossover Operator :

The crossover operator combines two individuals (the parents) of the
current generation and produces two offspring individuals. According to our
chromosome specification new schema of the crossover operator is proposed:
the offspering individuals coordinates are
obtained by a linear combinaison of the parents
coordinates and the offspering flip value is randomely choosen from one of
the parents flip value. The new offspring coordinates are computed according
to the following formula:

For the first offspring :
Xdom =a* Xdomp1+(1-a)* )(dompz
Ydom =a* Ydompl+(1 -a)* Ydomp2

For the second offspring:
Xdom :(1 -a)* Xdomp1+( 1 -a)* )(domp2
Y dom =( 1 -a)* Ydomp1+( 1 -a)* Ydomp2

13 ”

Where the constant is a random number in the interval [0, 1]

Parent 1 Parent 2

| Xaw? || Yoo | P | | X | Yo | Fiip?

h———ay

p2

a* xdm\p +(1- "}* de)m P2 a* YJ( »m +( l-a)* Y I:m 5 (1-a)* }(d““ (1 a)*)(d”,, = (1-a)* Yy mnl 1-a)* Yd -

Offsprings

E I Yo || Rand(Flip?", Flip™) | EX | Vi | Rand(Flip?", Flip™) |

Figure 2. crossover operator schema

Mutation Operator :

Xdom, Ydom and flip are changed with a random generated value
respectively in [0, L],[0, W], and [0, 7] intervals. The figure 3. illustrate the
mutation operator schema
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The Fitness Function :

The fitness function assigns to each individual in the population a numeric
value that determine its quality as a potential solution. The fitness denotes the
individual ability to survive and produces offspring. In our case, the fitness
is given by the inverse of the RMS error
between the coded range block, and the domain block.

Mutation operator modifies the chromosome genes randomly according to
the mutation probability. the genes

determined by the transformation co-ordinates Xdom and Ydom, and
transformed with corresponding luminance and contrast values.

The smaller is the RMS, the better is the image quality. We normalize the
fitness to 1 by taking the inverse value of the RMS, so that the quality is best
when fitness is close to 1.

The RMS equation and the fitness function and the transformation
parameters formulas are given in the following, where ai are domain elements,
and bi denote the range elements :

Fitness function (T)= 100 / (RMS(Ri ,T(R1))).

RMS=%{ibf+S(S.iaf—2iaibi+2.0.n22:ai)+0.(0n2—2ibi)}
i=1 i=1 i=1 i=1 i=1

nz.(iaibi]'{iai]{ibi]

n2 n2 2
n3a [z]
i=1

S =

i=1
and

0= %.[ibi - Siai}
n i=1

i=1

Genetic Operators :

The crossover and mutation operators ensure the production of offspring.
These genetic operators must be defined according to the chromosome
specification.
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image, not in exhaustive way as standard algorithm does, and without omitting
any possible block (solution) as classification schema does.

In this paper we use genetic algorithms (GA) [Dasg2000] to satisfy such
goal and to optimize the domain blocks search.

This is feasible by the fact that: GAs act randomly, are implicitly parallel
and are directed by the fitness only.

This paper presents essentially the GA implementation. We have also
implemented both Bernesly standard algorithm [Bans93] , and Y. Fisher
algorithm based on classification schema [Hutch81] , [Saup94], [Venc94],
[Shon91].

A performance comparison between different algorithms is also presented.
Section 2 specify the GA characteristics, section 3 deal with regular
partitioning and QuadTree genetic implementation, tests and results summary.

Standard Schema With Ga :

GAs are used to improve compression schema, principally to accelerate
coding time. For each range domain Ri, the set of all possible domain blocks is
genetically browsed until we find an appropriate solution.

The GA search space parameters are the domain block coordinates and the
isometric flip.

The luminance and contrast (S and O) parameters are computed as done in
the standard algorithm.

Chromosome Codification :

According to the search space parameters a chromosome is constituted by
three genes : Xdom , Ydom the domain block coordinates and the isometric
flip. Xdom, Ydom and flip are integers.

Xdom € [0, L], L is the image length.
Ydom € [0, W], W is the image width.
flip e [0, 7], eight isometric flip.

Xdom Y dom Fllp

Figure. 1. Chromosome representation
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These various research papers emphasize essentially on how genetic
algorithm-based techniques handle tradeoffs on compression ration or
compression time versus image quality.

In [Alan95] , authors propose a bibliography of GA's in optics and image
processing.

[Kim2002] focuses on unsupervised image segmentation using a distributed
GA.

In [Xuan96], the author used a modified distributed GA for image
segmentation by adding the capabilities of fuzzy systems to overcome contour
effects.

[Redmi96] and [Mitra98] propose an improved GA for solving IFS code of
fractal images.

[Beret 95] proposes modified and improved GAs for fast search in fractal
image coding. These rarely take into consideration constraints on image
parameters, image decomposition and segmentation schemes. This had instead
proved affecting substantially image overall quality.

Fundamentally, the fractal image compression problem can be defined as :
“given a Ranges(I), the set of all ranges blocks obtained by the decomposition
schema, how to construct the set of all possible domain blocks Dom(I) such
that it exists a transformation T : Dom(I) — Ranges(I) ; T must guaranty
Vi, 35/ T(Dj ) = Ri ”. The compressed image is constituted of a set of IFS and
Dom (I). A transformation is associated to each Ri, it codes the Dj coordinates
and the specific parameters of the transformation T.

The image compression problem put forward three major requirements:
speeding up the compression algorithm, improving image quality or increasing
compression ratio. The compression ratio depends on the size of Ranges(I).

Fundamentally, the compression algorithm speed depends on the manner of
exploring the search space to determine a block domain Dj.

The image quality is not absolutely separable of the previous two criteria.

The main problem of all fractal compression implementations is the
execution time. Algorithms can take hours to compress a single image. So, the
major variants of the standard algorithm were proposed to speed up
computation time. But most of them lead to a bad image quality, or a lower
compression ratio.

For example, the Fisher’s proposed classification schema has greatly
accelerated the algorithm, but image quality was poor, due to the search space
reduction imposed by the classification, witch eliminate a lot of good solutions.
Then, the main problem is how to explore all domain blocks presents in the
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On Improving Processing Speed of Image Fractal
Compression Using Artificial Genetics Techniques

A. Gafour, ML.K. Feraoun & A. Rahmoun*

Evolutionary Engineering & Distributed Information Systems Laboratory
University of Sidi Bel Abbes, Algeria
* Faculty of Computer Science, King Faisal University, Saudi Arabia

Abstract :

Artificial Genetics tools have been for decades a subject for intensive
investigations. From Genetic Algorithms and Hierarchical GA's to Evolutionary
Engineering tools such as Genets, these tools have proven their efficiency in
search and optimization problems in multi-dimensional spaces.

Fractal image compression has also been for decades a challenge for
researchers facing the emergence of new web based technologies and applications.

Several works have been proposed in the literature of GA-Based Fractal
compression emphasizing on Compression rate-Image quality tradeoffs.

In this paper we propose a dynamic Genetic Algorithm to improve
performance of Fractal image compression based on local IFS. An adequate GA
coding is used to address the different image parameters. The algorithm is set to
fit all possible decomposition schemes regardless the range block size and
position.

Furthermore, to avoid premature convergence, a linear scaling is applied to
each individual fitness, then a roulette wheel method is applied for selection
process.

Such modified GA is intended to speed up the coding phase by varying
coding period through tuning GA parameter settings according to maximum bloc
similarities.

Several computer simulation tests have been performed on Fractal images.
Results show a major reduction in processing time during bloc-range search
process without major loss of image quality .

Introduction :

The tremendous advances of information technologies as well as the
emergence of new web-based technologies have created new needs in dealing
with multimedia internet-based information and applications.

Several works in the literature have investigated ways to better
compression time and ratio without loss of image quality.
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