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The Response of Protected Tomato Producers to Market
Condition Changes in Riyadh Region in Saudi Arabia

S.H. Al-Kahtani and S.M. Ismaiel
Department of Agricultural Economics, College of Agriculture
King Saud University, Rivadh. Saudi Arabia
(Received 3/2/1416; accepted for publication 22/6/1416)

Abstract. The purpose of this paper is to decribe and estimate tomato cost function for tomato production in
conditioned greenhouses in order 1o detrmine economic production levels, to analyvze the economic of scale,
and to derive long term supply function in pretected tomatoes. Thus, the response of tomato producers to
market condition changes is used however to explain protected agricultural ability of tomatoes self-
sufficieny through wvarious strategies. A cross-section random sample of 28 projects of conditioned
greenhouses in Rivadh region was drawn.

A cost function approach has been utilized. The results show that: the optimum project size 1o produce
tomatees in conditioned greenhouses is 47 hectare; the minimum level of production costs at the optimal
size is estimated 1o be 1469 S R./ton. thus, the net return is 1283 thousand Riyals per year for each hectare;
there is increasing returns to scale go along with increasing farm size, and hence production level increase
up to 720 ton per ycar: the price supply elasticity is decreasing from 688 at farm price 1469 S.R. to 407 al
farm price 4000 S.R.: the total conditioned greenhouses and traditional tomato preduction in Riyadh region
can be obtained from 126 projects with total area of 592 hectare and tomato self-suflicient can be achieved
using 480 projects with total area of 2880 hectare.
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Production and Cost Functions For Table Eggs
in the Central Region, Saudi Arabia

Essam A. Abolwafa, Mochammad H. Al-Qunaibet
and Abdullah M. Al Othaimeen

Department of Agricuitural Economics, Coliege of Agriculture,
King Saud University, Riyadh.
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Abstract. This Paper studies the most important factors atfecting production and cost of table eggs through
the estimation of preduction and cost functions,

Results showed that the most important factors affecting table egg production are feed quantity,
veterinarian and disinfectant supplies costs, and management.

The logarithmic form outperformed other forms in representing the production function with R? of
93%, preduction elasticity of 0.911, marginal proguct of feed (MP) was 0.27 ton and the value of marginal
product for feed (VMP) was 1249 Saudi Riyal; therefore, the ratio of VMP to MP for feed is 1.58
indicating an efficient use of feed and the possibility of increasing its use to maximize profits by equating
VMP with the price of feed.

Also the logarithmic form outperformed other forms in representing cost function of table eggs
which was derived through the duality concept from the production function. Average cost of eggs was
estimated to be 3000 Saudi Rival/ ton and it was equal to marginal cost of eggs indicating that unit cost
does not change with production variations. It was observed that the price of eggs exceeds its producticn
costs in all projects indicating that the producers are realizing profits.
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Demaud Analysis Of Domestic and Imported Chicken in
Saudi Arabia Using Beotstrap and Separability Candition.

Abdulia A. Al-Kheraiji and Allen M. Feat herstone*
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Branch, College Of Agriculiaral and
Feterinary Medicine, Buraidah, Saudi Arabia
* Department Of Agricultural Economics
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Abstract. The objective of this paper was to estimate chicken import and domestic demand using Saudi
Arabian data for the period 1971 to 1992. The results indicate that; the LA/AIDS model works well in
analyzin8g the demand system for chicken. Moreover, the assumption that home sales2 and imports are
separable was rejected. Chicken consumption projected 1o the year 2000. Finally, the net percentage
change in the quantity of imported chicken that importers would be willing to purchase in response 10 a one
percent change in the real price of imported chicken (Tariff) is —0.46 for Brazil. —0.1} for France. 0 42 for

the U.S., and ~0.55 percent for the R.Q. W.






el @gle






(AVARY/BVEWV) LU0 Y ADNAY (o e (YD Ll plal S 9 g lladi Dol dlons

ey PPN | PRCVRVC TR N PESPES IPURIC PR MR N1
Moringa peregring (3% O3V 8,0 550 2

*Jeﬁjbﬁim.ﬁéjij.—all nL.U'IA.;J.aT
(Lradl oLai Vi Liidt) iy fomninadls ol 1 oL2 s Y i
Do pacd! Ly o] DLl s inly o0 s Lot vl el 5 LS e L e S p gl ad ™
(AVEVW/A/Y Y 3 o2l 5, ¢ aVEWV/N/YY 5 il a3)

iyl . Moringa peregring (D) QLI 30 e L0t sdos g ol Zondt Jasle
ol L1008 AYAY s 5 gl e e (o e DL S, o gl ddpll ks
R g gen DI 550 382 555t LS LT 0% A (oatll £33 OW 30 G b 5,0 A
Body G0 g B aeS 3 gl gy L 08y ¢ Bl LV o el DS Le
G gyt idodly el g g ramesdly Al 5y B0 ge g Le sl g5 5 DL
DS olalonty (8 gy g5 5215 B e 158 5 (e ol 50 O 35
S8 JUibl Dl Lam ¥ T3S 318 s g5 VY Uil e o e OF i 3 gyl il
b U8 g 1y ol o gteedlp a5l et S e o g L AUy e plel s
-C & gmalt 35 B0 L o lisul Ll oo gl LSl -3l Ol lea ¥ 4318
ol g m OG0y b 55, IVE N el )l @ agll L0055 (3L 4) PER
(i pmondal a3 oo L2350y £A ) (e 31 a5t o3l s Ol gl
oo AoV S B s s Sl 1Y) (s p e/ @ 5 Jade BLES B 5 0 .0V) ey 530S

D A e T Y e el 3 0L G el e LU

YAY



ot et 3 el dibice ol WA

eJall

d> g S La:.au\)uas‘wL_‘;uujggbijb;m@sglﬁxm ixl> Ula
Lot 181 F A5 Ol 05 (3 Lage by ol OF S A1 3Lt sy )
dmd on I S STy DI gy S pa e B, obiall s
okl oda 53l e udl J) st 1 el galt

St 3 ey O e il rn e 2] i e UL i O
LI polall 35 e @b Jly claezstlodos L il 5N S jolas
e g Il 55t LeS (A p bl el jadbes L OF Y] Aoy
e il gl ol ya ¢l o) g LD [1] Antinutritional factors £,Jaal) 33Lae Lel 5o
wholias ol ¢ Apdaal 5oUall fel galt T35 & godd gz e 6 pad UL 0da
LS 05 e 3T e AE 25 e 5 Sy G 5

sdoa 22 s Moringacease dste ) Moringa peregring (V) DLV 6 el jaz3
—YAAJ‘:J‘:UT]@JJMJ1QJJHMLJQJ-1L&Q;H};?JJL¢_‘:QEﬂv_.iJ!
gt e S el o bajpdy (9285 < Sl Jlad (345 Janty s [TAS
Ll e wi Il VIO il pdd L oo S, sy ezl
JEPARE D PO CTEPICA WS PR TR DUCIN PR-EPRIN PPV E1S (P 3 JENEY PR VS
e 7 25 3Lkl DL AV jal ISy« LSNAN Lgzedd 0 ,al Lgde ol
W‘J:J.l V"lfi e [0} L’;;Lla.m.ﬁ.!! Al el Chymotrypsin (o 5 sa S s Trypsin

o Oy OLuwi¥t bl L5 de (g ol A3 Al e
U N PRESVEC X VP S0 U P EPUIU PR S pp e LT
U2 i sdn e DLVl i SUS BMe 5 ¥l o pemll | SLaSOl ool
ol e\ (U 53l B (gaa g Gl Y

Lo (s G b Bde Ay SIS u_\_’jjeg'y'r_a'.!l&_:bﬁﬂ.&.-uig
s Josk ey J) plad s 1S B oda DTV el DUl pom altsen
A A Ay b Lty e 0,0 SSIIAIN a5 ,50 G el S
PRV N UNTY ‘_?:._H 5 Calculated protein efficiency ratio (C-PER) & yust (ni g )y



YA RN NES PSR Py U E PR T

Y A5 [V in vitro @edHt o s (550l ean alasy :.__..,Ljuué@m Jegves
oS ¢ aad S5 3 oty ¢ duslaal Ly, g 580 Anadadl Dl sWY (3 Y 5.3 3yl oia
- [V 885, sl 3l e 5 3 (5 5y G801 0 e By e g
BA N O U g, e JUl ek g2 5 SN Gl lamy 3 OU1 5 e jLassY
x5 Al B Bl o il DU 5 1y ) TN Al 5 Lol L
1 5 By 55080 g T e 35 (C-PER) Ay

Laghlis

St 3y 31
() OUI Hsd

3 5&_,J| ode (e Moringa peregring ot = O j0y e Jy ad ¢
o Logds S, 55 L M e A M el D el A Al S O e Jlal
el by e sl 60 mesh ke s 3 d s A3l 68 Lmdat o
Loldiwad (b 078 dr > e IR a8l a3 A2V 3 Ll m i «

Al o i ¢ 5

b Ui 135 ¢ ooall Dl s O 51 8 e ol 55 o3
Lol o8 5 o ¢ ol Ldas e aSL (50 Lol o) S5 ¢ [A] el
Gty gm0 Bl i of cdel Y8 SALEAJQJIEJlﬁZ?JJUL;@
&?J;x;@lijla&iartp_-)g}w.kyi;:dhﬁé}j ¢ 80 mesh Lo e
Sl Lzt gk 27

cANY & 5l 3By OUN sy 8 A liald gnﬁ._.@ guee)
ST sl My s (1.0 x g 200 g,y £ M s oyl
el AR )b sl by a5 U B0 3 IS5 O 5,0 3ds 3



Sl da 5 3am y k] il ol Y.

&KJEJLQMQHJJ.}_};JQ|QJ.@\3[VAA& LQ]&MHE;L:A.‘QZ?MJM
égﬁﬁswtgwlﬂ__mL;wlgujﬁtwtwcﬁé)il
Ve e

OLdt ) gdod tdalt Aol

Amino acid analysis Ammey) o gt il

bee) et g g5 DU G500 585 (3 ) 2 gadhl JS i) Ll sl £
Yéaul(e N);&L“Ulsjﬂﬁﬁumrlmgwg%&l Ml (Ol 5z 208
0@ o2 Al dledtl it e Wi aedtig ll Lab 2"V e 2ol
Sl ot Aadd g ool e a3 O g 21 i el [V v av-1 e 4
Y OAY o ¢ 8] L & ol il (NaOH)

S Sl pladr s (Olb gt ue) &V o 5 ot e A5
-3 3 Hewlett-Packard Amino Quant Series Il analyzer (Germany) 31..:;?'. 0P }Q.L’l
VT 0Ty 6l Tl 3yl el gt 006 s

In vitro protein digestability ‘,,..,-L,-\ o o 9 ! s LB s

i VAV o 8] Judodl S T M e D8 b coniind
Loall G g J) Al U1 e e Ve il el 5l 05 ) e LG
@S (PH ) A e s s il lgad) dano s (ol 0 V.Y 0 &adl (3 0, 55 )
I3 ) ety G S5 g il i e ity Ve il
Dracde ool @3 383 Vsl e ¢Ye B2V iy e 2l ey il
Vesade®oo e ol Sleabes 3o &l 0,0 el e 2
pldsely (3285 ¥ ) izl doyg wadl 5 g g oegdl @3 31 s ¢ 51 3365
. (Orion research digital lonalyzer/501) _go- g et V1 b3 Slea
A LY r bl o 03 oyl e 28

(L) ¥Y .01 YYE AL = o2 il /



' e ey e e (g1 A Sy il 23

plascl el e 833 Y I pdoedd oo gl W91 (0) 36
Chymotrypsin type 11 3 i b5 oo Trypsin type 1X S i_ujdll L:)LI__}J:Y'!
Protease type IV 5 5 il xsl oy Peptidase type 111 5 ;Y| S e
o &S5 s »;JLEJ'_QSH PRV (" J—3a s Streptomyces griseus 'y

(Sigma Chemical Co., St. Louis, Mo.)

Calculated protein efficiency ratio (C-PER) &y (5 9 pd} Jlnd 3

it e Lgde faseld zo alsely C-PER (n5g ) Dlad & o
G2 go Rt e A e O 585 5552 e ¢ )5 L, l0 B
o2 02 Al Jd e ST e et D) b U3y ¢ Ll 4l
(Animal Nutrition ob;.u Ldas ol g oilS ity [V rAASY Y
.4 lasll ANRC Research Council Casein)

Trypsin inhibitor activity assay Q}_--UJ" f_}ﬁ ks bl AT

VY 5 0V 05,5y uSUS iy ol Ui (o Al o5l ot b5 3
ORI TR rU&@QHJﬂCJPOL:J*ZJ.L!MJLL:QHR 'O Sl
Lo o e AaB Yo S0l Ll oS o g (pH — 4.6 ,0.05 M) bt g ndl J g
=S iads Y sl (e /1 “.0'')L_gJ‘,SJ.a.\_)_l:-l_,Jg;J.q-!(«.l~ &3 a5
Y @, D) e 5 59 by 3301 Uyl

SV oy Sy e ade el LW L g0 oy 20 ol pded
-N-benzoyl-DL-arginine (BAPA) Jelat 350 ¢ Trypsin type 111 from bovine pancreas
(Sigma e v 8,5 0 Lagde J o i £ (A5 pnitronilide hydrochloride
3l L& o 5 28 e il w3 LS il Chemical Co, St Louis, Mo)
Vi 2 e gl Yy e v Y Wi LslanaYl 3 5 5345 Ly (e 2
.a_gﬂjm_m&;@ﬁ?gubmsu&wwp;y& Vel



jﬁjbﬁiMSPJ@_.J-ldu_;dﬁ Y4y

et date BLES i) Al g 5ie DL G50 (353 Axad aliol @ i1 pdiualy

a— Chymotrypsin Inhibitor Activity Assay O 5 oS! gt 3l Jata BLES s
JGAN el S e ale Laamll TS0 £ gl {5 3 SOY @ 31 izt
(BDH ;S 7\ 5 (Sigma Chemical Co., St. Louis, Mo.) Type II chymotrypsin
N PO | J.'l Ll ,aad Substrate jelad) 35LSChemicals, Poole, England)

iy fall o oy 3 e BLES iy [V Y] 0095 ASUS i ) L
I3t e e €0 alaseialy el 6 3 Ll s e+ 10 oVl Lk
Jpdg o sy (2ads Y sul a0l 08 o (pH = 4.6, 0.05 M) @laill oy ol
J)_Lé'lc._wj‘:_g cAads Yo sl (ags/ad 800 +) (38 A 3 dall sty 331,
et 3 50 S oo 5 LS B s 23,8 (Y @3 OUL) gl 5 By sy G
HU Vsl gl YVo sl v oY s eslan¥iaasy B ol Ll
At sdoa Lgd ool o1 O il e f Jeliall byl e o V0 plisadly
oyl Ja e LS i sl g g 5e LN 5y 3 o a3 i

Al ey 7 e S b 5 S éigu_éf- Mg ¢ (a3 gaSJ

Lall jelius 4 o Y s

Lok pldsaly @dadl g m i J s Lali b ol (3 55,0 )43
(Sigma bovin serum albumin D,__...M s g} \"'t_;':“”b [YY] Q}J_-:-'Z, L_ngﬁ
.L;..JL:EH s>el! Jes Chemical Co., St. Louis, Mo.)

AN E g5e O Bkt 383 b et 730 g L 11 15T (Gt 8 01 A1
Thermal S$tability of Trypsin and Chymotrypsin Inhibitor Activities
el g padt J gl alise iy OLI Hadd paadl e g 3ld Lall ol
£ oY oY o Ve sul QLI A o o adseudl ey (PH = 4.6, 0.05 M)
Sl A A ] Lol gl ol e ()1 A ) i Ll (2ads 00
GAESY s Y s Ve aaly e 5,0 A B s Conddutiad A (e 5 5 S o 3l 2k



14¥ ot S0y b o A A A )

SIELS 2 b G o 2 w3 e DSyt Ll LA Gl ot
VYT 0 5Ts 5SS Ayl Ui (v 3 508U @3 Jaite BL23 5 [VV] 05T

gril..a.rji‘_},‘buﬂ!

J gl Ol Azl S e ol S WM Lo Y1 ol el ) £
e A gadd Bl osd Ly [V E] SASUALN(LB:._,‘:;JL_JMLE:U}L;;LWAJ
CLYAATNAY o o 0 V0] 1S05 Lt alusenady collaw 2l

ity mdladt

() O B a8 I

5 Gt O 30 SO S (V) 3, i o,
(R SPUPEININE POVA V. SRV IRYISY PSEI IPRDS SV S SN P U5 JCO R E
33 55k e VN A 3 g g g e Gy Tt (pe e e DL
[T o e « VUUYEY) s ol J gty emnandtsy (ZYY V) e 2
Lede Jowam ANt e el 3l 0,01 & OT YLDIWVI (/Y E Y 8) el
Lomd iy 3} O ) 53 [£] 05 T5 Jlosaally IY] e sl s Slamill 0 IS
SN § UM S e U85 ¢ QI e LYY N G TYY VA oy
dimi S LS Lol S A0 B 52 b 53l 5l 6 1 g b e as
-Q_L_J_L_gujt_,\,ajw_,_ag;ﬁéy)fu Lo dd & e V) OUI 5y 3 05,0
(5l M Ldean () QWG 00wl 1 (Y] /0N T8

el e J.'L-LULMWGAJ/Q' ﬁ(le)uU\aJJ;L;uJ1w;~gL
(Yoo, .l)(o_....n.wjll‘g(/o\)M‘J!}JJ}L&J&FY‘MJ'; BYSSSI RN
=l wb\smubmau%;g__,‘,n@wlsj.[\‘k](/zv,\)gbj_.dwynj
e S [8] 05,515 Jlagealls [¥] e il glamll ey o Lgde Juamdld
o A 3Ly It e F08 Y 5 A0 A gy i L iy 30U 5
.[W](ZH,\'Y)@L_lefifc,w[r](l\q,V)li}aJldJé;dJous,jJeL}



by G 3 e s k] ks el Vad

* A gy 01 Bpke By OUN8)A) o 01 JlasSI S (V) By Jpe

LT FT I ER (i) 01 83 S S

(5 st U + Jow by (§ sl Lt & Jaw il %
IEE-A E RE-N WV LaTelE YA gk
RS A Y AVE RN <o
rraviEoTve VYO EYAYS Al oy
NEYEES AR & S Y21 AR CAPRWRR L[
LYY L oAy LAOTT L YAS sla M
000 VYAV SAYAVE £ Al LY

=3 o el e T

et odin deaiy 7Y ¢ AL D) O i B i 5 SOV A cid
w\c,dw;siw@g@(m‘\\)L,\,.ﬂjtdj_b_a_guﬁw
(7¥0 . £8) Lol 5y (35252 sll aSTH il o 315 [ 7] gl J g3 (3 62 52 ol
ader e 5V AP eddt 3 Oder 5 S Bl e el 28 ST, YY)
CVNCEALR) s gudl gty (£ 8) ety (LY XD et g

QA.L!\&J};@OL_MB)J.;L;JJJ@M\%{}J\
) O 0ds e e o Shbmasd e OF (V) 05 J gt 0 ey
A0 e g M s Uiy 10T A JULYA Y e g, i L)1 ) o
G SIS YN T TN 8 e Oy g SO gL A Y J) T
O 330 3B e JS 3 Ut et Lo s Alae b odn (3 050!
¢ YY) Al edsy [V (Vo ,2\‘);,.MJ\C_,}»L_,\,,,,:JMJAJ(ZoV.H)(M|)
Jie ol de s 3 o Y A sddl 385 3 Oyl s e e IS LS
Qs [V E-V8 o o OATCLEN ) el 5y (FE1.A) eeddl Jlss sy
3 om i by [V 00 o o NAT(HER V) gl Jadl
Ao ] o e ) Lo L e o LY X ol g5 O 550 30



V4o ot ey e Y A Sy s R

Ao B0 85« a5 DL ) 5ds 5 e 32 Ll o 3 o ye 0l
O.A.UlG‘};_»Lu‘aj'ld\,_éé:é‘:Qaﬁy}mu&m@}u&;ls)i{&;:(}@j!
Sl g5 OLINE L0 580 3 el 4 GOl SUIS ¢ 1] Ll Bl B3,
R g et )l Hadn e (6 AN RN 5 0d ) 38 52 g il &)l
gl;ﬂldﬂlosmgswj[w]a_".pubj.iﬁ[\~z—vqu.aup‘\A]
(e O pde 80 3 o SOl A s . MYV 10 o o (V4]
sjgggggﬁﬁij__;wu#‘,mmw@)xnrwﬁm@};ﬂ
LS5 [Y] (Y'Y Y o) cpault far—e byall dgb jodes (AYY £7) alll fa5e Ol
(VI E 07D addl o552 2l 5,00 535 3 Ol ko 50,S01 dd e e ik 2y 5

y.m&,}-..ouxsj.‘q&;wgm A1 Al

Be 1 o gad!

S Lty 23 el () OUN 5y o a3l o) ¢ 2l I gl Zd 00 am s
,,';jz.__.ﬂuym__;,:wuby;us;(mr)w,ongaﬁyj@‘m&fg
el jlast (Gl Al e DU L0 385 055 3 s e 2l
goyn DL 8500 5283 Ol 5 a5 gl 138 1 Bl L1 o padt ik
LWt gk po day 5015 Histidine s ol ool jaadly Le ol
DAl fan o5dd 5> 3 et Mo 58 5 il 485 S Ll 0 Y
AY el jadn e Jsdda&ljjfd}mﬁﬂﬂmjuu}j&\n/f}\‘ Yo
3 Ll 035 5 0L 5 5ds 3 cpdied! 555 56 LS (Y 0] (£Y £) jaedly VY] (1Y
S BB @3, Jpd D VY] a0 0 g o 0 e il bl iy )
D 55 5 08 5 G 52315 ) o B0 158 5 e O 5y gt 2
Voed) Jpad) (VNS 55t 3 LensS 2 e el ol 299 3 ek
uL,.njlMuuubuulﬂ.@du;.x_m.‘.lijwﬂjfﬂl}udulfsjﬁm,
dLaJ'.M\«.@_g@JLYb«.;!JJJluh&LprJJ\ul}L@wLmbw&d\
Methionine + {ntacudly ol stll 5.6 5 00S LQS-(Y(Qﬁ_) Jgdat) susl fg.a}’l Lasl 5
J_j.l_d...”u:a_:.“;;a}_SJ‘_ga_;JLaﬂjJTH-Ul&J}—&OL_J'IJ}J_:MJQC}’SﬁnE



.\
T sty il o o ey Jacily Gt S g g AL pddty B ) pdh amy O 5 5ds ) Bl sl o gadt (Y) @by Jgir
AQ.:.G&.ﬂCN Yo ‘_{w....s_raw.ﬁw_\.vm.rvﬁ_._ W-m_ u:\_Y.umqu_ irealt dataiay H....rwt.u

ey Yy o ikl e i S Sl A WL el Jp i Bk e il ot
(1) damalt a1 dmstr y LLbal) donnalt ) R Hyn ) 4] T i Sl (y e
3] Ak ) M 33! e L
2
b Sk hl\\__ cgg proweins ek chich pes okrnseed  soy bean groumd um colion seasue
— bl pruicins profein uul Nower seeil
|Uu enract seed
..,\“. (A 2,A 1, ¥, VoA 1A 1,47 a,r T, Y vy i,r 0 satven P
.M oA Yot 0, £,Y £, T ¥4y L] Y0 YA T,y T, J...H:)\. ,u.cw_..._q
\r L] 0,4 1,0 1l YA [Eal 60,3 t,70 [Ba 1A X e tear ells
e.” v 1,0 Y o,y r,r Vit Ty 1,t Ao Lo 1,1 ryxe a0ty Y ip e
vo %3 1,4 L, a,t [N 1, AN Y AL YAy 1) rage vvkora o
M ‘A 1,0 oy AL 4,0 Ay 1,A0 ¥, 1,0 AL P ve srikv,ey sl
.!ﬁ [} iur ¥,Y r Ve,Y Y,r A L] Ve IAD oLt 1¥o Y = o Y07 S VR
L.f + sl
.” ey
v,0 9 v, VY ot - T, 1Y Vb 100 %1 [RE vty by
1,0 1,0 11 1,1 T¥ 1,1 A - - - - EEEEEINR T of 8 5 atam
(bt Wkt £ s pdigaduhi it *
[vv] Bryant e af, 1988 () [va]l  Bewschan e al, 1975 (V)

1¥ -] Paredes-lopez eral, 1991 (=)

feh]  FAO/WIIO/UNU 1985 ()

[vat Okeetal, 1975 ¢7)
Iy ¥} Waggle and Kolar, 1979 (v)



VAV ot A Sy e 2 il (5 Sy 1 el

AN E g (el OUIY s s 3 Al pb s Y1 o el () o3 J gk

G e Ve gl ozl Lokl b iiaa¥1 o gadt

(n=3) @ tall a3 + b
COVVEENY Y Arginine s
*Nost o e Aspartic acid <l LY Jaax
SR A LR RS Serine e
e BT Glutamic Acid Lot yldt aen
A AR SUY-N- N Proline AT
ARETENR A Glycine M
PAVYY L Lo v Alanine et

i Gl ool O 50 3 s £ 20 5055 s (X i)
e dnalor 5 LA Aol daiin s LAY, Lo )30 fadite L5 08 R BRI
.[T\](Y)@de&lgc;ayywcs.kﬂ'u
e QL B a6y e LI 5du 585 (3 Leucine (o ol 5.8 5 Ll
e 33 el s INVIY 00 o o N syl S il 35 5 e
J.atul.SuLJl”.uLgoJSju\ VW[V 8- Vi o e VA emaly
s N Gadly ok 005 5 [8Y o YYI gl U 3 5 s 50 Lt & jlie
:,.:_H_g ol E.H)Jllwgdlﬁam ol ()LJUJ.LQ Leucine {pw s 3.8 5
Phenylalanine + Tyrosine (g 5 ldf 5 (! et 58 5o (Y)r&ﬁ) Jad Yo g
oI la0 s el g el 0ds ol L_;o,SJ_JaJJLuLw...»uU! BESTR
S Upmiand-l o 58 5 (O e @l Mo (Y o Jpad ) [V e £ “VA Lo Lo VA
sl iyl o 15 JUb Y sl Y 2318 s 58 el STV O 5,
LysineM)U':Oi(T)‘c_B_)de_;.-O__»C_,.}a:i.(Y)(«_EJJ)J__J_J@WJLU
R ETEC RNy §o7 O a,00 585 s Tryptophan Ol 5 25 Threonine (s g0 3l 5
Laie b el e D158 5 S G Al W W o e s pesl i
ooy 13 el O e BN sy, e 3 15 e O 08



L}y}yii&‘iﬁ}wiﬂbi%ﬁdﬁi YAA

3 a3 el o) o padt ST 401 (o el odin dis (Y a5 JptdD)
. [Y¥] Most limiting amino acids 45L.J) LS g,
6322 OV Ol x5 0 3 o2 g 0dop 528 53 3 gl sl ol Y1 e g
vl dalite, 2Ny dely P daie 23 50 ids (Ul lar by Lz OUIN 05 5
Bk B3 sy 2 Ol gy WL TYNVT(Y) 68 st (3 oo sh st sV dnsler 5 21N
3 et Sl ek Sl g ety e sl 5 SN e a5 52 O
bl o 8 S (e JS anbiinly s (o g 255 (VY Bl 0 ol 22 O g
Ja_asL_,a;ouﬁdﬂbwlj@xﬂ\,@}ﬂ_ﬂb@:ﬂwlwoyf;d P
LA it bty 08915 el 1 Ladae 73 padd Ui SlUd g « Sl il Ly
IYVIOYR3) J g (3 e sh 3ol a1 sl

(C-PER) i p! (5 3 p01 A0 Gy ! - 415 i) 200

e\ g sV dad g in vitro @ ad) s el L A2y )k S
Ga @) ny yodl Bl s (C-PER) &y gt 03 ) Adlad Sl o i 5200
U el G b o g g B lall o wnST LS clis o 0 25101
LB A s [V ] gl o) deddetdd Ao 5l 5ot 5 el s Lo A
(8 0By Jpa ) AVE Ve addl g 550 OIS )do G invitro eudt) 2 )l @zt
[V €] p oIS £t bt L3N Gnf g0l olaally u3SO0 &5l Laibia 2 2
SIS 5 ([YO] LAY & 4 adel g emia 1 MG ooy ) LYY s
s D EYY 5 Y e d g Zaladl 5,000 e Zalesdl 20000 poliall fhles alslad
(8 o3,

ol g g 5me O B30 in vitro el 2 ) ol AL d 2a3 BB
I il A L 38 Ly ¢ el U sty el e JSO 200 38
) ) e N G A o el g 50e DL 320 i vitro e
(Phaseolus vulgaris L.) Red Kidney Bean (LEL': L U pwldl Oyt in vitro
o8 e in vitro{g_..l_-t@t_a-r.;a.gti._lgwl,..suzuﬂ@ﬂﬁ}.(i @3y Jyadh)
sl aio Ll ool 5 Aatlt el Aol $pdis llate 592y J) () OUN



Y44 i Sy e gl g A A 2
Z el LB L Bl Bk e dan g5 ¢ Trypsin G ) ot late Je
le +Laadl 5f i) i A Ll it Lganl e ol 5200 3 o
YA Ldsall cslias

G55 iy 2 3 (C-PER) Ay gt (53 y pdl ddloh i g ) 7 1t il &l (8) 0By J gt
ASUIY 9ty R J 50 dd1 g ol § g e (edl) O 85

L_,.._éiJgMJH,lwa_.. H\C)\:-F_QME:JJG

C-PER %A)
R CEEVE A Valia,d s
AN-E - *QJ_J"LS\M
oy AY ¥ ialadl sl
C va o ‘ Vi i
Y AA At A AR
\ o AT Y R
1w vo v AW U
Y.vo AO A Vgl J b 3
Y.oeo vV A Y ks, 3ds
+AY Ae .0 ¥ el 5, 38
+ VY VY, T
VT VY Y LA WAR
Y AE AT Y ¥ et 5
YA 48 3 E (Sl ol Dy jmed k] 33
A £Y.Y O Akl ol kit U o\l
(sobealt Ukl £ Ja bt} U1 2t i
(Y +) Paredes-Lopez et al., (1991) (¢ Y Wolzak et al., (1981) (¥

YAl Williams et al., (1994) (¢ [Yol Sawaya er al., (1984) (v



Sl dat ey pedl e Ll Yoo

oAl g5t OB, 355 05 g ) (C-PER) dggnstt 05, 2000 £ 2y
bty [Y7] (Y ,0) (Sl 45 e aisein Lad oy (¢ ey dadz) N o
s IS IS (& @) JgAd) Ly g A2l 5,000 oo (5 2 V1 A5L1 Ay )
Sesame P_.M..Jl By 3 & ylie dzase OLI (54, (C-PER) L‘}...él o gt ddlad
Chick pea aed! 33> 3 Micelle protein isolate Lfi_.«..l'n syt Jgsae butter
e % i lis el LS DL (15 5,08 (C-PER) Ay gttt 55 3t b s O V)
Phaseolus 3 Red Kidney Bean alUkl LUl L 5ol Lo g 5 Al 20 I Y
(C-PER) & gl (3 g, db 1 Al B )8 Ly (8 ) Jad>) vulgaris L.
iy oty 80 (€ @B D) ety el (15 0 e IS 08 OLI (g
g, A £ed U jlie aze g - [T 8] V.Y gy (C-PER) g ganst] (3 g, 00 &dlad 4
ULy LML&! et Al gt i g, ol () DL (C-PER) L gt
G, oy LT e landt Lga DAL partpdh o g5 [Y01CY,T9) Jodlt ke 4,0
F LS o AR oy bl @y - glall ol @y pU et 54k
i e YV Y 8) Y 88 ol sdoa 3 (C-PER) &yl (55,1 &30
555 B (C-PER) &y (55, 206 & (3 22T s o o B85 [Y4]
DU 2 L bV 2l o podl o 1eS (VAR ) () DL
AR Vitro e o 5l el LB Lt Y1y cOb eyl (oe Al

AN § g5 OBk 383§ et ey e 1 5T e
zA,zw;,_amt_,j;_muu);_;é.;;q_:jﬁgwﬂa&;i@}_gﬁ@
Mqum@pxjmufwﬁj‘L-,_\;Uéds)wsmg;uamsbj
‘;J.h.«\.”&J}A(J.»:J'I)OU\BJJQ&':QJQ:}‘}:\O.&JSU,\F@‘JJL}[o]gwlw
SCSSUCH TP S W JUES S PRSP O UPW RS PE I S NS PP
gy w8 S ad 30 ke dadi o a5 LS (S e s o8 SISO @Y
Bte 4ad OTYLIT ] i p o I ooVt date bliddams £) iy A1 ot
Faya lugmall b 335 s ey Bbhe Laiinin b DU Ui 2 G Lt ) i



AR ot ey e ot (0 A Ay A Ll

Ll g3 land gl Y10y of IS0 e Jade BLiisam s V1Y)
0% S Y late BLes st s V0V 0 J1 Ve A Cle Lgnedd iy oy Radsild
800 G0 5 3 ) @l Jarte (5 952 Ly SN VT o 5 05 [V 0] 05
ARIETYST GISIS ad 35 [0] glamell dsd yo 5 dsl )l 0da (3 ool 5 50 DL
Sluoly Jeladl isley LoMsawi slscnll @bl e 5 g 1o sde LY
OF e [PV] S5 18T e 1S ST i L2 1 o g Ll g el pdd Bouien b ot
ASH(ed) s Jany Citrate buffers <y mudl elate J ghons @391 e o Misenl
«alzZ Substrate e l& 33Le and ) & [e] g.'.l.b‘jll 2] f_;JYlJa,i»JaL_.J
IS R PP VLT FRESIRE R ES - PEUNE BPTELIN U CIPE RPN
N-benzoyl-DL-arginine-P-nitronilide hydrochloride 35\s &addel (no L_; Jelad
ol daie @ OT [V 10,515 ASS usT 55 2t il ol 3 e\ 351aS (BAPA)
doe @l e AT =Y 0 gouy Lelii 23LeS BAPA aliseial e (43) 37 g
s sl Bl DT [0] SUamall 63 LS. feliall 5518 -3\ PNEE
ol e OLINE 00 385 L st oW date blis 03 e Sl e
Y fate LU U 5 0.0V 058 5 3y iy (33 @3l Jae e L]
e g yrem 4SSOV 8 )y BB g Ul i dad a g (g et (SO
Llilsasy oV Yy 5 Y)Y Ao LA.L»;_,._;JLU\}Q_A.\MCJ}_A Lsmadl J 58 5.8 (pig s
el e i wilS ety ¢ (P e Sy e L S0 s s,
R e T Uas A1 SR VE > (Y NEPRTS SVPWH S P W JONS

ot G & L J oSl g e WY (50 a1 alalt i
AN g DL

S (e e 3 Gl i) 1 A ALl 2B (1) @6, IS s gy

g7 O350 383 s 0 3 U5 5o L 1 51 a2 LS e Tk

o 144 ‘Y@éﬁ\dk)}_gjjlfx}ji@ﬁhibb{;}jowmﬁ 33U ol Lyl

i gae oSS @) Gy, OF V1A 0 5l OLAIL L)l > 350 dlelas e oLl



sl Aag B e el e L Yer

vee 0
o Ly y 11 s T ke
A X et gDt 3l nde
h h—
a
5
)
i- -
-
{\ ‘c b

(Z.i,_j;} i) S P -

e WY 56 s e LAl 20 5l LN L 3 s ot At p3U (V) by S
(AN E g e Bk 0 s g S e 5 eSSy

Jte e ans i adany dads 00 Yl e e SULVE b asl ) O (p< 0.05)
tj‘;.»buu).i_,&_j:u»ux;&wwmz,w&E;Mt_,;wjf:snﬁg‘\
5315 Om (P £ 0.05) ayyine 555 @3 3p, 800 OF W1 Lo T o 2l OLIAIL Lt oo
Clalas doad T G S et date o S0 2335 ¥ J) Y e DL G
ot e8I e darte LSS e Aol 31 Za8s £+ 5l DAL Ll 331
OB ds 385 3 Lt 7 yasSs Lt P (581 (n U5 e 0] D51 (S0 <oy
\_&_.\1‘_}_%:&,-41G:L:;JlC_Acbs@_,.ad_)%uwwwu&w\@y
OLs Ll A delaal) ol Tl (oa ) CJ}AQL_JUJ.;‘_-,,_S;U.L;{::] '__,;L)a'.a_ajt
Sl e dgdadl 28T [0]  Jlasmt 2 ) 3 J bl Bl A Ahaladl ey O



Yy NS SO L PRI S RN SRRV PR ACT N

a8tz ¢ ol el dl Sl 3V cllaie e eliaall o) 40 il Ll
o ) 45 O 31 (3 (PER) (55,0t b i OF e [YY] b5 S 0o IS
Ldady 3505 45l iyl el it U yaadl O b L8 dlelas e V8 1Y Y e
Ao [YAT O ,—5T5 )Y uSTs 5,1, 40 Jelall o U gaall J sl &5 lie g 012200
Lehatns day Ul (3 7 A= iy ol 1B invitro ek z b @t Al o
Ut ) @31 Jate oo Sl OF I YY) Sk sy Commige 00 IS 815 .
e S e B eIS AR Y sl 27 Ve 5 e g e el gl 5
e Ggline Sl s ey SV e el Y5 Y iy el DT [TE] ol 55 e
s R LRI SICE T IS P OSSR,
ot im byl 5ol o il s Je Phaseolus mungoreous 3 IV Ay ) 0
YU dm ZAT & g Phaseolus aureus 3 (et a2l oiad il OIS Ly <" A
OV[Y0] eiss O Ay SIS 25> €05l 2" AY i 3 e el (o Tol
Fji@ﬁhﬁ"ggﬁjidfo\\"i?Jsg;lsAutoclavefjall{L“)l}l%bl':
55 S5 IS Bean J 3 51 Beans AL 52 s dall Sl g 3 (e )
(;Imaranthzxs' hypochondriacus) Amaranth  5d_J io VA0 LU O[] 0, NP
o Jate Bl e AY 0 e i il Vs e e e olel Vsl
R vy | ) WPV PO PUN FP¥ I BV JERCH WA U
sacit o Saly el eyl i o aliedi s el gid ol g 550 B8 SUI

G5B Ve sl s W 3 elien AV OULG 1T Y i Jalh s LLES

ol el DU Dt ] pimlly SCady DU U oy - eldy ST
et S0 ] Lagilnel s Low S edae Ly LS Ll 1 U Lgas il 32
shele (pn dedd UL aaddl e S A fng &g S e 3 ilall
4 U o oy ol Chs St L 4203 5 gad ) £ Sl SR

Bdelas e



jyﬁyi&&;\}a}}wj-'lm‘“&di

c_,_-b,u

Weber; C.W.; Berry, J.W,, and Philip, 1. "Citrullis, Apodanthera, Cucurbita
and Hibiscus Seed Protein," Food Technol., 31 No. 5 (1977}, 182-183.

Al-Yayha, M.A; Al-Meshal, L.A.; Mossa, J.S.; Al-Badr, A.A.; and Tariq, M.
Saudi Plants. Chemical and Biclogical Approach. Rivadh: King Saud Univ,
Press, 1990.

Al-Kahtani, H.A, and Abou-Arab, A A. "Comparison of Physical,Chemical,
and Functional Properties of Moringa peregrina (Al-Yassar or Al-Ban) and
Soybean Proteins." Cereal Chem., 70 No.6 (1993), 619-626,

Somali, M.A_; Bajneid, M.A.; and Fhaimani, $.S. "Chemical Composition
and Characteristics of Moringa peregrina Seeds and Seeds Oil." Am. Qi
Chem. Soc., 61 No.1 (1984), 85-86.

-Al-Kahtani, HA. "Some Antinutritional Factors in Moringa peregrina (Al
Yassar or Al-Ban) and Soybean Products.” J Food Sci., 60 No.2 (1995),
395-398.

Hsu, HW.; Vavak, D.L.; Satterlee, L..D.; and Miller, G.A. "A Multienzyme
Technique for Estimating Protein Digestibility.” J Food Sci., 42 No. 5
(1977), 1269-1273.

Satterlee, L.D.; Marshall, HF.; and Tennyson, J.M. "Measuring Protein
Quality." /. Am. Oil Chem. Soc., 56 No. 3 (1979), 103-109,

El-Tinay, A.H.; Nour, AH.; Abdel-Karim, S H.; and Mahgoub, S.0. "Aqueous
Protein and Gossypol Extraction from Glanded Cottonseed Flour: Factors
Affecting Protein Extraction." Food Chem.29 No. 1 (1988), 57-63.

AOQAC. Official Methods of  Analysis. 15th ed. Washington, D.C.
Association of Official Analytical Chemists, 1990.

Devries, J.W.; Koski, C.M.; Egberg, D.C.; and Larson, P.A. "Comparison
between a Spectrophotometric and a High-Pressure Liquid Chromatography
Method for Determining Tryptophan in Food Products." J. Agric. Food

Chem., 28 No. 5 (1980), 896-898.

(V]

[Y]

A

[¢]

[¢]

[

(A]

(4]

[Vl



Yo e Sy I kgt Ly AR e

Kakade. M.L.; Simsons, N.;and Liener, 1.E. "An Evaluation of Natural vs.
Synthetic Substrates for Measuring the Antitryptic Activity of Soybean
Samples.” Cereal Chem., 49 No. 5 (1969), 518-326.

Kakade, M.L.. Swenson; DMH., and Liener, LE. "Note on The
Determination of Chymotrypsin and Chymotrypsin Inhibitor Activity Using
Casein. Anal. Biochem., 33 No. 2 (1970}, 255-258.

Lowry, O.H.; Rosenbrough, NJ.; Farr, AL.; and Ramdall, N.J. "Protein
Measurement with The Folin Phenol Reagent." J Biol Chem., 193 No. |
(1951), 265-275.

SAS. S48 User's Guide, Statistics. Cary- N.C.; SAS Institute Inc., 1984,

Steel, R.G.D., and Torrie, J.H. Principles and Procedures of Statistics. 2nd
(ed). New York: McGraw-Hill Book Co., 1980.

Ruth, E. and Lewis, J. Nutritional Values of Australian Foods: Food Tables.
Camberra: Australian Government Publishing Service, 1991.

Bryant, H.l., Montecalvo, J; Morey, K.5.; and Loy, B. Processing,
Functional and Nutritional Properties of Okra Seed Products. J. Food Sci.,
53 No.3 (1988), 810-816.

Betschart, A.A.; Lyon, C.K.; and Kohler, G.O. "Sunflower, Safflower,
Sesame and Castor Protein.” In. Food Protein Sources. N'W. Pirie (Ed.)
London: Cambridge University Press, 1975.

Oke, O.L.; Smith, RH.; and Woodham, A.A."Grount Nut." In: Food Protein
Sourees. N.W. Pirie (Ed.) London: Cambridge University Press, 1975.

Paredes-Lopez O.; Ordorica-Falomir, C.; and Olivares-Vazquer, M.R.
"Chickpea Protein Isolates: Physiochemical, Functional and Nutritional
Characterization," J Food Sci., 56 No.3 (1991), 726-729.

FAQ/WHO/UNU. Energy and Protein Reguirements. Report of Joint
Meeting. Geneva: WHO, Technical Report Series No.724, 1985.

Waggle, D.H., and Kolar, C.W. "Types of Soy Protein Products.” In: Soy
Protein and Human Nutrition. H.L. Wiicke, D.T. Hopkins and D.H. Waggle
(Eds.) London: Academic Press, 1979.

]

(YY)

(VY]

AR
Yol

AN

[VV]

[YA]

(YY)

(YY]



sl dat § ey pedt dllie Ll

Kakade, M.L. "Biochemical Basis for the Differences in Plant Protein
Utilization." J. Agric. Food Chem., 22 No.4 (1974), 550-555.

Satterlee, L.D.; Kendrick, J.G.; and Miller, G.A. "Rapid in vitro Assays for
Estimating Protein Quality.” Food Technol ;31 No. 6 (1977), 78-88.

Sawaya, W.N.; Khalil, LK.; Al-Shalhat, A.F.; and Al-Mohammad, H.
"Chemical Composition and Nutritional Quality of Camel Milk.” .J Food
Sci. 49 No. 3 (1934), 744-747.

Wolzak, A.; Elias, L.G‘.;\_a‘nd Bressani, R. "Protein Quality of Vegetable
Proteins as Determined by - Traditional Biological Methods and Rapid
Chemical Assays. " J. Agric. Food Chem., 29 No. 5 (1981), 1063-1068.

Sawaya, WN.; Muhammad, A.; Khalil, J.K.; and Al-Shalhat, AF.
"Chemical Composition and Nutritional Quality of Tehineh (Sesame
butter)." Food Chem., 18 No.1 (1985), 35-45.

Williams, W.U.; Kunkel, W.P.; Actony, M.E; Wardlay, F.B.; Huang, Y .;
and Grimes, L.W. "Thermal Effects on in vitro Protein Quality of Red
-Kidney Bean (Phaseolus vulgaris L.)." J. Food Sci., 59 No.6 (1994), 1187

I191.

Laurena, A.C.; Rodriques, F.M.; Sabino, N.G., Zamora, A.F.; and
Mendoza, EM.T. "Amino Acid Composition, Relative Nutritive Value and
in vitro Protein Digestibility of Several Philippine Indigenous Legumes.”

Plant Food Hum. Nut., 41 No. 1 (1991), 59-68.

Abu-Tarboush, H.M., and Ahmed, S.B. "Studies on Karkade (Hibiscus
sabdariffa). Protease Inhibitors, Phytate, in vitro Protein Digestibility and
Gossypol Content." Food Chem., 56 No. 1 (1996), 15-19.

Ikeda, K., and Kusano, T. "Isolation and Some Properties of a Trypsin
-Inhibitor from Buck Wheat Grain." Agric. Biol Chem., 42 No.2 (1978), 309
314.

Collins, J.L.., and Beaty, B.F. "Heat Inactivation of Trypsin Inhibitor in
Fresh Green Soybeans and Physiological Responses of Rats Fed the Beans.”
J Food Sci. 45 No. 1 (1980), 542-546.

[(YY]

[Ye)

[Ye]

[Y3]

(YY]

[YA]

[Y4]

[Y]

[Y3]

[Y'Y]



Yoy e Sy e a5t Ay RS L

Boonvisut, 5., and Whitaker, J.R. " Effect of Heat, Amylase, and Disulfide
Bond Cleavage on the in vitro Digestibility of Soybean Proteins. " J. Agric.
Food Chem., 24 No.6 (1976), 1130-1137.

Gupta, K., and Wagle, D.S. "Antinutritional Factors of Phaseolus

mungoreous (Phaseolus mungo var. My_| X Phaseolus aureus var. T1)." J.
Food Sci. Technol., 15 No.4 (1978), 1-133.

Tan, N.H., and Wong, K.C. "Thermal Stability of Trypsin Inhibitor Activity
in Winged Bean (Psophocarpus tetragonolobus)." J. Agric. Food Chem., 30
No.6 (1982}, 1140-1143.

Koeppe, S.; Rupnow, J.H.; Walker, C.E.; and Davis, A. "Isolation and Heat
Stability of Trypsin Inhibitors in Amaranth (Amarathus hypochondriacus)."
J. Food Sci., 50 No. 5 (1985), 1519-1521.

[Y¥]

[¥¢]

(¥2]

A



Gt b gl det e y il dilis YA

Nutritional Value and Thermal Stability of Trypsin and
Chymotrypsin Inhibitors in Al-Ban (Al-Yassar) Seed Protein
(Moringa peregrina)

Amal A, Al-Housein and Hamza M. Abu-Tarboush*

Department of Agricultural Extension and Rural Sociology (Nutrition and Home Economic
Section), and *Department of Food Science , College of Agriculture, King Saud University,
Rivadh, Saudi Arabia.

(Received 23/1/1417: accepted for publication  /  /1417)

Abstract. This study was conducied on Al-Ban (Al-Yassar) oilseed {Moringa peregrina), Data
showed that Al-Ban oilseed contained high percentage of protein (28.3%) and oil (30.9%). The
defatted flour of the seed contained high percentage of protein (53.8%) and all the essential
amine acids. The cencentration of histidine in Al-Ban was higher than that in okra, bean, milk
and egg proteins. The amount of wvaline, isoleucine and histidine met the amino acid
requirements for all ages. However, its content of phenylalanine and tyrosine was adequate for
preschool children and adults, where lysine, threonine, methionine, cystine and tryptophan were
adequate only for adults. Calculated protein efficiency ratio (1.0} as well as in vifre protein
digestability (74.6%) were low in Al-Ban and the defatted flour of the seed contained trypsin
(48.46 enzyme inhibitor activity unit/mg protein) and chymotrypsin (5.57 enzyme inhibitor
activity unit/mg protein) inhibitory enzymes which were greatly inactivated by boiling water for
30 and 20 min, respectively.
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Effect of Interaction between Fe and Mn on the Growth of
Barley Grown on Calcareous Soil

A.S. Modaihsh

Department of Soil Science, College of Agriculture
King Saud University, Rivadh, Saudi Arabia

(Received 13/11/1416; accepted for publication 10/2/1417)

Abstract. A pot experiment was conducted in the green house at the Educational Farm. College of
Agriculture, King Saud University to study the interaction between Fe and Mn on barley grown on
calcareous scil. Combinations of four concentrations of Fe (0. 10. 30 and 90 mg kg-1) and Mn 0, 2, 4 and
6 mg kg-1) in the form of sulfate. were applied to soil at the beginning of the growing season. At the
filling stage (35 days after sawing), shoots were harvested and roots were separated from soil and dry
weights were recorded. Soil content of Fe and Mn were determined at the end of the experiment. The
obtained results indicated that Fe applied to each soil caused significant increase in the dry weight of both
shoot and root parts. However, Mn applications udner all levels of applied Fe did not cause a constant
response.  Iron uptake by different parts of the plants, significantly increased due to Fe appliation. On the
other hand, Mn addition at all levels of applied Fe led to significant decrease in Fe uptake. The data also
demonstrated that increasing the level of applied iron and/or maganese to soil substantiatly increased their
extractable amounts. However, there was no noticeable interaction between them.






	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

