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CoDsumption o[rpinac]r wirh higfi r)itral. and o\alxle colrtents Dta\-'e 
a ltrdr.h lr:uJro r.., iar,.,, iJ rJ-.t.. l l. .r..f r.,.Lr,rrr.. \r r -r -,.t

oxalie acid. !rhen gr.r'n in a soil rrith hleh NO, \ a\'aitahitirv
lh(r(,.r(. por ..\per ,r ,r $ r(.is.iL.(,i Jr.,ir! rtr. r",. .,,-...,.r,c
\ears C)l 2000 and:00t ro evaluar the clliqs ofrjiltcrcnr nirroscnous
..rj,/e.. .l\nri.il Jr.r \r , cr.'lrler, r. scllJ.l.rcr...Irt.,n.j.:urirux
nilratc drld o\alnte in spina.h One obiecti\,e oIlfiis sruil ras ro clevcl,rp
.r nrear forten;lialion iirrma\imu,n gro\\rh wilh usctl I conrponents anC
minimum njlrate and o)ialate conicuis l he triils irrrol\ert 6 appiication
ratios of the chcnicat lerritizer '.Sangrat" and rhe Lriri-lerrilizer--nilrotrine 0/0. 100,0. 75,':i., 50,/50. 1i,,,,--i and 0.i i00). R.suils indicatcd
ihat grcll{h (nrooilored b\ the nu,nber t]1_lea\cs. ieal arta- lieih and drq(i!ht., x,!. rnl'...^eJ *..J, fl.l|lr. ucr( fro\ r.leJ ,. rh , r i.,r-,...
chcmicrl and biolertiiizcr- compared uilh the conlrot or L,oth fertitizers as
!ingic lreatnlcnrs. Nitrale conceDrration \ras icducecl h] j0,/50 N_mixnr.e
conlparcd \\ith higher rarirrs ofrhcnricat tafiilizer. toieland kee oxaldre
in spinach leaver !!ere rcduced also b) Nrnrxilrc o150,,-i0 conrparcrl
t\ith no N or eilher \formak'ne.fhchi{hrst\uarnint\ir Bi.!it I}2.
\rr. r, "n.i.l(.,cr.,rr I lrr .. ..,r, Jrun.s rtJU.Jd .r.)J\.
lni.{ture u ith chemicai anJ bio ferlitizer airplicali\)n. I he data su-lrsesl rtrat
1eftili,.ation ofN as e mi\rLrrc ofchemical end bio lerrilirers (i0rS0 rario)

-143-



-1,11

irnprc,icLl planr gr'orth stxtus. Fxllhermore- nrtrobrlre is a prnmi\rng

lactcr tc mjrrinriuc hazarJotrs comP!)nents su.h as nitraie and oxelate end

ro ma.imizc lelLll corltpoiants :ilch as vitarrins and rrirleral elerl:nts rr

rpina.l.

Ktt t t)ldt l)iolotil;zex. bo-/d!iLircr itiirobin!. cho)i'al /erttizr'
' 

'152,r.{./41 i.ro] -^.oxulic ucitt. \Piflu h iSpt}k!'ir tit'rdcet l )

I.INTR(]}DT]CTTON

E\c!\sirc airplicati')n oi nit'ogcnous clerr'ical ier'-ilizcrs to

enhaD!. growth rairs and rieltr c1'croo!- is a ecrr:r:rol :glieultural

or,.r.. ,nJc'"t 'fl"\.'trrlr:(' l"i' r\ r'"rr( 1 1"1'l(r iflrrrrl:'r''f _

i-*,. r., 'r,. .rr. r'r':lrrr',, 
.r =n l<r'l' ' l rrr:r'r"r rn I'l'''rr '' '"c'

l(jrccn\rood arid Hunt. 1986) rnil gnrulrd \ator {\'icls anC Haqcmrn'

i,l;:). Higf, Igrcl! ')f nilralc ir dre di€l can irrdnecll-\ nrhibil o}lllliilr

iranspod ;) blrod. a n1L'.licalcondilion l(n(\\ir as nrelhcmoglcl'inenis ilr

int'anis because of ihe rcducii'rn ofnir!ate io lriuil' (t'-!'ons {/rl" lgt)-l)'

Nilrile! caD reaci ,\i1h ilrires rnd nal be conrerted ro nilrose amines

$hich usuall] causc .arrccr(\\Ihilie\ J/17/ 1990) Furlhcmrorc' 
'\alare

accurnulatiort $hich ma) lexd lf lhr linnl.ltion ofral'iurn o\ahlc 
'alculi

r r'l,e hidrr.\.,L, rr' .1,rr'. -,r i ."...ur.' Jr''!'crr'\ l; :1"{ LJ('' ri'n
humans lsc-hcnk r'l ,1- 1932) i' highll inilucnccd b) 

'\cessilc 
ritfalc

fe{iliaticn (Coh aud \itllikor. lr)E8).

The lcall \'3gc!at'le :pinach 1!'/'?in j'1 rturd(''l l ")'epr'sens :1

qooC srLrrce oii *oiits g :rn.l a a\ \!cli it! tnin'tL s"ch :1! lroi calciunr

ind mz.gncsiurn, hesiCe:i lirc dierllr\ ubers ailR( ' i9E'1'' li i\ 'o inoalr

LrieC in corsrderrble ar:r,rLrats. eithtr fic:L 'rr cooL'"'d it Sr'tjiArabiart

nl.als Ulrlirlui]telr. r!ch ,egc1'ablc recumullnei hi-sl! lc\el\ ofrilraici
rl.nrr rl ./.. i99-1i. ln this loEccrrr. eariicr itudic: ndicaled ihar' llt
rro'l importanl Jactor atlccliig \i)-i\ c'Illcrlls in pi:nr1s aplears lc b!

the fonn ol_apflied niif.,gcn i.Creen\rood an'1 Ihrnl l98ii)

ihe lio-fertllizcl r:rirrobiic) r"'rs lburd li' feduce nitratc

ac.umuleliorl jr plafl 1;-'!ll.s. h01 rna) nL)t |rcdnc' as thc rnL'Jr i\'lell 
as

ihe chc ;crl t:;i1;,rc: t!rlherm'rr. the possiililil ol chcrrri'ii leltrlrr'r

toricjt] 10 pla.is er'isrs -'rlcn x11\ lidiiirlrrs erc anrmcniacal (N'len*r1

?rd Kirkb). 193731
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The biofefitiizcr (.ilrobirre) cft-.a x \a] L. u\,e ltie .trcniicall(rrl ,,(r ,Jre,\ 't b.,', ,\ n. . 
"r,. "ri ..,: :r, , rt.:r : \- . j,. Jr,d ll ,.. j .rt-nrlLI l r.hL Urt,,..,.t .{...\',,t,.,-.. , , . I r..,.n ,rr,.. ). t. _

irrlir.ralion is available on lir..flict.f nit.obi.e n,"r ;r, .r-t", ,"i*n
applied $irh chcmical ranijizer\. t-trerctbrc. rh. p."."n, rru,ty ou.
urdenaken rLr c\.lutn. rhe irteraii\c c|:crs oidrechcmicai fb;it,,,er(Sangral) ard rhe bioJeniti^r (\itr.nrire) oi g.oi\lh and cirsrnicat
composnjons in the lcai. !elrerabte (spiDachl undrr.jifiir0.r la.llizarion
'!grmcs. Dcrermirxr8 rJrc nraxinj( I vield ar:c usetiLl conrpounds
(\narnirts and nrincrais) and thr rrirjnLrr: ac(uriuhridr .ri.hrarijo,rs
.lrii}ounds f.itra1. 3nd .r.riatel jri rla.i ira\.es n!s srur|td

2. ,VATTRIALS _,t\- D UaTI{ODS

ln a lemi-arid (nrdnlon. ]\r e.rrsun !:.r (rtrr,rt -s.uitj Arib;a). is
a lerr;arii rejrioi to.aled :6 j8 \ txrilu,l. rr,l 1l -,: t. lrugi,ud.
and altitude of7l5m above sea lesel. pot c\perjmcnts Lelrr cojr|juttetl i

t.
lo ten .li1+i-!!n1 nirrogen soLr.is .rnd ral.\ in Lh. ,*.cl,*ol ,tr.*- "i,]t,D,,(|-,z.r,i,,.',.,',e'fJ'.,'
rrr,l,[n 7aa !a,nnlerc d].t ,iero

tr. h - .c-..r,.. ,n,,,-.;,.y., ,.."....,,... I r.1 ttj.J\,.r-i,l*arl&\fl;ar'nr.Ln, \\ r lr, fo:.. in. L
Llianrelcr r: l0 cft depth ljtj.d \rith t0k!sarrd]-ct,t\ $jiiplij.j).ihe
chonicri arrd phlsi.at priDe!-r;r\ ot rhe roij arc sho"n r;1 Tirbt; it)
J;iReen da\. hre,. pnis \r.r. liiinr..i to r,i1.c rnrirl p;anLs pcr roiiflxrnljilel_\ Driol.e plarrir,g. p!r! ucrc tet;lizcrt ritn srrper irto..i.t,arL(15:1n P:(lr)i rr!d soit eiiher Jni\.J of nor r i1h rhc bi!t:,,iiiizeririirrbtre
iliF) a1 lhe reie ,)l ti)0 rIrS \gr soil (a! rc..l,-irerd..i h\ ttr. [1i]l-rtr\ oi\" r.,l "r, .r. IJ,c.r:L I J.,.,. ,'. .,1,.. ,,..,, .. 

",., 
r.. i ,, .,

"r'1.,n iJ...r,,t lel. ."...ir.\,. .,..,, .t,.... ..,
il :.rrir!. ." :,r'rt..n[..r .e, rt c ,( I r ..J.-., .,..j.. .,,d1,
. r l'". r. p.o\id. rt.. J. lt .\. .r! .i.Jl,.-nrLUi.
icontrol). (Lrl I rJ0t,,4 CF. 1c) 151.i, Cr.- _ :5ti tsI.. (dl 5t)f" (.1 + jn% ii,( j. , r" Br \D . {.,r.

!

t
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). Chemical ttrd Analyses of th€

Chemicalpropenies Ph!sicalpropcrties

DH: -1.30 Fractions (%):
Sand:

95.30

silr:
03.60

Clay:
01.10

ECe hns): 2.06

soluhle laticns (mec.,. ):

Na' I t.00
ca'7* 4.3 5

Nlg' 2.50

'lexnre: Sand) SoilSoluble anions (meq.L '):

co3'?- + HCOr 299
Sorr I1 70

cr 7.60

CaCOr 1.00"

o.M. a.234/o
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l abie( Soil.

3.1. \

._: r:

n,

,i.: \

Sangral lenilizcr consists .rf N 107.. P (P:Os)109/", K (K:O) l0%'

S 0.1-04.\,{g(NjgO)0.0:9,i..t-er-{rn]!r'kg.Znl+nrgikg.Cul6)ngr'kg,Mli
1: mg,'kg. B 12 nrglkg alrd \Lr 1'1 ]ngk.!

watcriig \\as .onlroiled ilr th.rl lleld caPicil' ollhc soil\:ts rx)r

exceeded and drainage lossci .ri' \ did no! occur' At 3Ppluenl nrarl\ct

naterir,y-- .15 dals atier plantr.rg. :prnach plinlls \'verc hrn erlcd \\ ith rh'ir
rnraci lea\es. Thc fcl]o}\ing data \.rc r..orded ai h:lncst:nunher of

learer. leafa.ea an<i lrcsh and dq 1at;0'C) wcighls Chernical anal)sti:
!,itrnlins Ul (Ihiamin) Bl irib(rlla' irl end ( (ascorbic tcid) *ere

nrcasu€d speclrophoLorncricali\ alcordingro Srld&\i\'an and \'{anickafi
(1992). fotal \ \\3s d.t.imined br the nrodified "\'licro Kieidahl"

appamtus as des.ribed b] Pregl { l9'15): P \\'a! dclcnrined

cobrimctri.all] as Jcscribe,l L.) Tr,rush and \1aler ( 19'i9): Ca' NIg. K

and Na b\: lla e phrtL,rn.h I and l'e b] alonric absoQtion as desclibed

b1 Joncs ar:d Sreln ilgll) Niiratc .'!rncenrnrion was lneasurcd

srvjclrophotoDetrl lollo$ing rh. rretilod of Ca$se 1 l96l).
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lotai anij ticc oxaiarei $L-re eslimercd in:prnarhleav.sbvthe
incthod ofOna\emi !n.i Nrvigwe (t9t7).

,AIl data \rere vadsticrlll arel\zcd b\ ar.rt)!;s ol.\iriince
procelrures accordrrc ro Snedecor aild Coch.an ( lq67) r! iiL the aid ol.lhc
SYSTAl conrp.rrcr progtn. Difli.ence-r \rere i,ra;.rr...i to f. .rgn;ilca,ri
rt a j9.'o jevcl and means we.c separatcd h), the LSlf icst.

1. RFiStTLTS AND I)ISatusst()11

3.1. Vegctatile groFth
ilatr recLrrded in labie(:)shrrrcdlhrlt grow{I. n\ reLlr.r\clied hv

thc nn bcr of learcs. lcai arca and licsh u,*f ar, ,r..,gf,,r.,,i:rfi,*.i
pla,lts \\'as inflnen.cd b] N applicarior. .lti,* 

"ifr.""* ,fCl.',,,:Si,
comparcd with &e conlrol pl.nrs. Fur.hennorc. rhe plants protlrccd ntore
blonrars rvhen )'J l\as applicd as N ,nixrLlr. rhar cillrcr i i_ or 8t:tbnn
ill .,e-- tr t.,,-.ro,,.r.rn :lr. r,., ir I ,, ,,. srh.... j ., ., tlr rt.c,, \1 .,e,' :l'"0 . i crl!- l!.n, i/l. t .r'1.. i (.. rtl|o,.::. $(t( t.r.c,, :lr.cJ-tr,
Ihe grorih cnhanuemcnl njlh \ ftillrrrc tirlitiTlr,rn pl.rrrr gro*th lr:ull5. <:rr'rreJ . , -. ..r,,. pl. r \ lr ;..

.onstit,ren1. ol _rnriro acitlr. pr.oieins. iltoplasrn_ nl(-iejc a.i.ij,chlotophril. and lrun! orher irrportanl subnarccs sirhi0 pl:_nL cclls(salisbury and Ross. tgst) In addiri,rn- ptarrs $ith higir nttl1r!,er
cortcnts had high t$els oi cndorenou. aLAin ln,,t i,trl iitfr..li;".
d. i' n Rp.rr,.,fdt r.c H.,, t,,-.i ,. . .;.. .. ....,. ;,.;,.,;'J
elongati.rn. increasc leat_ nuinb.r ai DrrxlLrle I sul:fi..icnL assinrjlariorrar.a fbr maxinur pholo,,\ nrJrcs is iC,rccn.roort and tiunr. J986).\,,1(.,\c].lh(herrc..,'r,..,,,'l.,,|/(,ll]'\'l',\Jlll
d'.. r<-. r.d h\ Fr,r.c, /-. 4X',ur. ,,.*1,. \r" ,
le_rt.< rrd \\" e dnr lt(r{.r,.!hr.r,,,t .. ,.b.,,;,. .r ",,..,j'fhe enhanccC gro!L,r| \! ilh N nrxLrrre rarher rha;r eiiher lirrm aiolc \\as
ailrjbuled 1() thr erhar.cnieui oi rlarrr roor; xnC ilcr.Jsed .\ioliriin
.erct, r\\ang .i..d Bct..,.. I.,,,,, \..,. .,,;.,., , . :,r",,i','..,"a ".
m:rllrrc rhrn ,tic r|t.ni ,1r. .,d. ,J.,. J L,t,nr. rr -,..r,r .-r. " th..rtu.
(Rickman 

"/ 
.r1. i985 r.

1.2.\irroqcn ac(umutarrrrn rnrl nirr[qen u.c cflici(nc, l\l f)(.,IcLri..trt '.,.1 ,,..,:.n:,1,..rut.'. ut ,-,.-.t,,t hi, t,-. rl
mixcd-ilriJiztr groln pl.rlr1s \ias-"ll addirional N a.curnuinliorl
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Dala displlycd in Iahle lli sh.\i ihrl\;i:r.:rLraii.,ll(i-lkg-l
d\1t) and accum.l:]lion {mg planr I ) ne.e nirrrihrrr i.r.onlrcl llairts'
Fe{jli7.'d plants (ilr Ci. Bl' or mired lorrn i shorr.d 3 : l.rtl.irnl incrcase

in thc conccnrmtion and accunruhlion .rfnilrog.n. k !\as cjeal lbal lhe

r.rrl N concentration incrcascd \\'ilL each ilcrcnlcrrt o, ferLilizcr

application in the foml oicl'. but rcac|cd &e highest Ie\cl ai the i'oint
of iertilrz-er applicalio! l.r $e mnriimunt lield \airh Bl' lorrn. ln this

respect. Wa g and llclo* (19961louDd thrl the lreiencc ofchcrricalN
fidilizer. eilhcr alcnc or rnircd \\ith olher fb'1ili7elc. ilcrcascd the

propodon ofN in \\heat \hools The saDre psrlern ol\ 
'ccrnnul'rridr 

wes

for-rml lor radislr shotrt. and rods gro\\ n undcr \ir il tt.atnrenls iMill\,'1
,:/.. i9r6).

'lable(z): Elf€cts oI thomic:rl and bio- Icrtilizsr-s on the numhcr of
le:rvN, lcaf aree, and lrcsh and dn $eights ofspinach

d

Fe11ilizcr (9ir)

CF BF
No. of I-eal'area

cmr/planl
lresh wcight

(E/DlaDt)
Dr1 *cighl
(!, planl)

Season 2000

t) 0 1.i 9ll r8.i 2.)
t00 0 9.8 120 12.6 3.0

15 25 10.5 !16 40.4 3.9

5C 50 1,1.8 ,-18 58.5 4.1

25 l5 12.7 ll l .16. i 4.1

0 100 9.3 t0u :10.2 ).1

ir'lean r0.i t59.3 I7.8 1.4

l-sD {5%) 2.1 i 0.5 t).6 1.1

Scason 200 i

t) 0 1.6 11.9 1.3

i00 0 8.6 t?8 30..1 29
75 25 10 ,l 169 19.-i 1.,1

50 50 i.r.0 210 J?8 -r.9

t5 15 11.8 _1: l 1.4

0 100 9.5 lll 16.i 1.5

N.lcan 9li l5s.l ir.5 1.1

r.sD i5%) 1.9 i9.(i t0.5 i.2
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Data ir Table (l) also iDdicar. that rirc incrensc in bio-ierrilizer
profx)rtion dcs.eased rhe concentradon ol'total N \\hen all or jj9; oflhe
nitrogen \\as supplied as Bl'lirnn Whcn Cl proporiion \\'as increase.l ir
thc llnilizer. N accrmulari(rll was significrnth higheras compared $ith
lhe control plants Thcsc llndirgs u,ere lrue in borl scasLrns.

Ir seems clcar that lhc prolluetion of lcaf ntarerials per each
nitrogen Lmit applicd to lhe soil (NLl-) as CF/BF mixlure (p liculariv ar
50/50 and 15 75 ratiosl uas murh ntore rhan that ofeirher lbrm alonc.
\hile unmixed CF o. B| fonns cave the lowcst NL:E rs corrrpari'd to
leriilizer mi\turc fomr. llresc resrrlLs ue|e truc in borh seasons. This
result emphasizcs rhsl the ctllc;cncl ol'N r-NLrE) apdied 1lr the pianrs
$as hieher in .irc presenc. of the biofeftiliTcr- nilrobirc. On the other
side. absorbed N \ar Lrscd nrosl slfi.ienth iD producin:: lor\ci \yhen CF
and RF rras rpplied in rnixrure faiher than separel.l]. In thls conccrr. ihc
hishc5t gro\!1h production $as obsencd a1 50r5{l lntio ( l ahtc 2).

lrble (J) : Eiteds orchen,i.aland bio- lertiiirt^ on \ ac.uDurition xnd vir.trri.
concentrations olsDinach leales dn

Fertitizer (%)

CF BF
vit. (81) vn. (82) vir. (c)

U .16.2 t0 tl I:O
100 L li.5 ti t4 :IO
15 126.9 lLi 't'! 1.10

i0 50 22. 2E :160

25 7i 80.5 t4 17 i20
0 r00 68..1 )2. il

9.1.4 1,1.5 16.3 t7i
L.SD (5%) 28.2 t.l 6.i 95

on l00l
0 C 54.: il 1.1 t:r

t 0L) i 137.2 11 t6 2.d
75 25 124.,1 ]S l9 415
i0 50 90.6 :i :9 500

'15 85.2 r2 I,1 12)
0 100 75.4 il tl 211

ti.a I75 _:29

t_sD r\%) 15.5 4.5 8
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,'\lthougi it is dislincri!e \\,h] this lca1-! .l.)D *r$ morr jllicir:nl i!r

Lrliiizing the Ditr\:rgenous lirtjlircl tor leavcs and lrafnrarerialprcdrclior.
ptrrticulad) ir the presei.c rl bioleniliTer. lr ii \rcll Irorir rirat ritiogtrr
source \{ith nilrilication !upprljssol erd'of biolLrgic.rl faiii,er \ouicc
requifes lcss crrrg-\ t'o. a,iiimilarr.n thnn does.hcrnical leftilirer al{rnc

(Peuke and Jcschke, 1991) Uorcotr'r miried l;nilirors 'icre ibund 1o he

assimilated immediatcl]' follouing uptakc irl the rirrLs. !\hicl resukj ;n :r

shiii in the dislrjbution ,)l firotdalsimilaics bcl\ieen shoot\ arrJ rtlots and

er.dllr qLanlll,(- .'if irl''o\ l' ln. ' ''.r-\\l',/ t.
lgEl: Pcuke. d Jesclkt lgill).

3.3. \'itamin co .elltrrtirlrs
Regardless of iirc dr.rrical and bio l.(ilj,'cr lreaunsrts. th( data

rerurd.d ir I abic l:ii irdi.xlc urat \ it. B I (lhianr;r€l- \ r!. Bl (ribofl3!ir\.
ard \ it. C (ascorhic aciijl corceiltrilliorrs *.rc g€rltraill hi3hL r in rir. lil\l
than in the s€cond scrson. ThaL nn\ bc tl,rled io ciinrniic Jilierelrces
drlring thc.ourse oltle lvlo cxperlmenls. Dau leFlrdcd if Lhe \anrc IaLilt

horied also ihr.rt nirroelr in !li lornl rrr.rcarei sigiriJiunll\ the

concenrralioi of rltarnirrs in spirr.rrh lcr\ci. vlorc()\cr.1h! bioled;li7er
ipplication c larlccd iIe lirrrnaliLrri ()1 1;larrrjlrs particLr].liL-\ !rrder]()'i
fF +j09rBllreailncr[:rrr).]er\\iiich\i1 i,rl.\rl B: rlrd (: in.Jrr.rscd b\
abo,Jl I1il9,i. lll%, llltl'l') arC l::0i,. iirl-o,i..:i0'r'r: i iheJlritandtie
second scaion- .especli\c1r. rs.orririred \\i1lr tlc coniroi plarlli. Irr fii.
conc.nr. Lloro\\ski inrd \lichal.li il99ll tintnd lir.ii \ilar!nr \\ere

in.reaseC siJrifilanlh iI Lhe ie;l\e.; o1-nrar. lcrl\.rcPinher N icrliiizcr

'\rs added in a mi\e(l laih,Jr thtt sir-ql. ie{1ii .,tr ii,rrr l'1,rco'..r. lrk.l,c
rt .r/. (1995)sbo*edthnL.rs.r,rbi.ici,il\il Cj i"-,rreascri \ il h rncrcasrng

mi\ed ninLrgrjll sl)LLr.(]! iri rh€ !ro\\Lh rr,.dr.r

i . ..^' \( . ,. r' ,,i r. :.i ...

e\pecl.d sircc \il. Ri xn,l \ri. iJl arc s\jlihc!i/.d rirLhcnalllr'ir\.,4
arrino erids. ghcirl. an.I aspanigilc 1l'lctzi.r. l9il)i \hile ih.
enhancemcnr ot !ll. a. \! hi.h is i.r.med ),r iirc Dx \r.ii oi glu,:'-rse. rtas

ascribed to th. stimuifii\. .fc.r ,)t nri\ed \.r I ir. 0hotoil nthetic

processes (Yamaguchr ard \\ r. i9l8i
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Table (.l):E ecls oI chcmical nnd bio- itrtilizeN on thr ete$eni:rl
concentralions iE spinAch lea\es during ttYo gro$ing

Fertilizer
(%)
CF BF

Fllcnlcrtal ccncartration a jr/ks d\*1
Ca l\,19 K P Na

?000
t_l 0 12 5 t0.i 6i s.6 ti 0.12
100 0 14.1 t26 g8 10.3 i0.5 0.33
15 25 I5.9 I4.2 1r) r1.5 t0.2 0.i1
50 s0 17.5 ii I t-t 8 9.6 t.37
25 15 13.7 r3.2 8l r1.6 9.5 0.-15
0 100 | 1.2 ll.8 7i 9.8 8.1 0.t0
\lein 141 I:l.l 138:: t 0.9 10.0 l.l.l-i
LSD (5%) 2,1 3.6 )).5 2.2. 0.5 0.1l

SeasoIr 2001
0 0 I1.5 1t.l tq .]',5

10.3 0.16
100 0 12.5 )-4.2 lt8 9.s ll.4 0.42
75 25 14.9 t -s.2 II: 10.4 103 0.4s
)0 50 16.,r 1',l.6 121 I L,+ 9.t l,r.)(l
25 75 12.8 8,- I0.!r 8.8 t..tl
0 100 ll.8 11.5 6E 9.5 ti.lj 0.t 0
N4eat t_'r : i:l 3 891 99 9.9 0..1r)

l,sDt5%l )6 1.5 :0.6 r3 1.1

J.1. Ikm.ntal ronrent.atilnrs:
Da!i1 preJenled ilr 't:i|1r (.1) ihLrl\ ilrt'. ihi con.iiririrltlrni ofi-x.

\1g. K. P- \a 3nd |. r!efe gen.rrltt hi3|er in nii!.jcir t!.ext..liir0r1
unireatcd spinach pla]ltj. \i1r)SC| trcalrr'.nL). t3rli.irlrrh i,i,,l9 ; ( t: -
-i09,i, Bl:). caLrrcri a rorircahl. in.rea\. ir rheclcr)renrri.r.!rc.ril.ati.,r in
\pi,rach leaics it ii woih\ !! lrc rion rhai rir. l.\cl ol .elioni su.h rs Ct
and Mg \\as lo$ a. the high polroni.n ol Ul,iirnr:nnrfarltl lo thal
und.r high prop.irlion oi I l. linn. This lo\v l!\el {rt b,-nh cj.ifcr[s *a\
ascribcd to thc' .oln p.rtil ir'c ,1epr c,s ior: by ihr prcssnc:.fnirroorn sr:rurrrc
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\\hich is rapidly taken up b) plani roots (\4cngcland Kirkb), lg8;a).
Moreo\er- K and Na increascd sigirificanll) u11der Cf and BF. wilb morc

amounts a. CF than BI: lin1lt ii lhis reBard. luerrgci and Kirkb\ (193;b)
indicated that bolh elemenls plal an importenl rolc in plant ph)\iologr"

TIe] oon'.ribut lo the osnoilc polsniial oI thc ccll and thus har.
positivc efTects on lhe $alerregimc alld hence- on thc g.o\lh ofpian6.
'l_he extent lo whioh subsritution beNleen both elelnents can occur.

ho*ever. depends much on the uptake potcnlial tbr \a+. Ihis dilTers

considerabl) hetReen plarll species. In lhis cor].. r. ipinach was

classified as high Na' nlclLrdcr. arrd other lc.r[ \egeiables such as

leltLroc and cailbage as tuediuurNa- rrcluder crops ( l\lcFg.l andKirkb),
r987b).

Data in the snnc tablr sho\! also lhal tlrt cohancing ell_eJl !)i
mixlurc N on ihe elcneotal .oncentralions becaffc rnore pronounccd ii ith
fie application of bioiirtilizcr b this rcgarrl. fic ercarcst irrcreas. ir1

elelnenlal concentratiox\ \ai ol'!en liund aL thc lr0atflrerii)f(j0% ('| 1

509; BI). This positi\,e ellccl \\as aiiribuled lorilc nrlrogcn cfficienc)
and recovcry which are attanied \\h.n ihe applied le(iiizcr is irol Iosl b]
leachinS or derritrilication: besidcs dre posrli\,e el'1e.t ol \ L,n nlinerai

absorplion and trarslocation trorn rhe roilto plaDt or:.:rrs (\lcrgeland
Kirkby, 1987a)

3.5. Il:l,lrrdous compound!
a - litfttk (:oncentrdtiott. Dala rrcordcd dLrrin! borh sea-..Jris

indicalc thal spinrch pl. ls accurrrulaled high amounts of11ilrel. \Jltf I f'
\\as do ir)aol or in higher p.oponion thatr BI finn (l3h1e -i). l-his rna]

be e\plained as IIF is verl sl.rrl] nitrifi.d so thar nirraie accumulatioD

tlould be lo\r irr plaur rissucs (\lenge1 ard Kirkb-\. 1987a) Ho!€\'er.
nitrate concentration (g kg-i dr, nt) in spinach \\as mu.l^' l'leh3r al CII

th3n ai BF treatnrents. flri\ diller.rrce nright be iiialcd 1o the leaf
thicklress. r.lati\el] Ij\\ \iii.er coiitcni. iiigh dr) rrtdlle.and, fb.emo\L
high N coflcenrratioD in spinach leaves a1 Cl:lhan ar BF lre:rlilenls

Darx prescirled in the same la'lrle shor., thar biotirilizer ticatncrls
.educed sigiificantl-,' the accun lalilrn ol nitratc. pa(icularl] \\hen thc

biofe(ilizer $'ar osed alorc or ir propd(ion of 509:0 and higher\\ith
respect to Cir. fhe nrosl rcduclicn in nitrate ic\el!$.sobser}edatthe
cornbincd CF & Bl' tiealmerl of i094 each. undcr rhi.h nitrare

concentratiofl ras decreascd. lheic fir(lings ttrc ilr hxnttonr *rthdrose
repofied earlier by Mills Jr .ll 1 197C) r ho indicatei thrl lh! use of nti\ed
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)-:":l::: l,ar,l, eiiminared sisnifiJanr nirrarc accumuta,ion ,n pianr
reav!si lrut nrtrdre inlre:tsed significand] u ith .i]l8lc \ \ource.

fnblt i-i)r Eftel:r ot chcmirat jnd tio- iiriilizers .,n Ditr.te rnd o\atarc
comenlrrrions of sDina.h le

.- r -t _.,.-_) ..t L)a., Jt, r.(J.r, t.hl. ,:rJr \Lt,ln
.,,-- p. (. .:..,t\ ..d, J ar. ie,J.. to,r,J.c .\l.r,r oL r,r(r- l:.j'.J ... .,,, ,,,plr , . ,f",,i,,. :;., .'.:,1",:.

erceeJeLi rhc romat iimii ii)r t]ralaics;r) spiiach lC.,h aird vii\ntoIrrlsr l, - .. r.,. l.r .i,.,ro , 1,,,,",,,,^",,^ ir..i-ilola; oral]te \rhilr srih 100,,.i ili-rhe i(,t.rl oxal:rt. rr.Ils rrn. iorv-'t'.' r..,.,t,..,,...,,,.,.,.;,i,,,i.,,i,
humiin h.aith b..!use ir reiluc.s rhc .xi.iunr .rri]ilalrilir_\ xf.l uuies
u.i!ui^ blaii.f jnue di.:easct tschet !.r;1.. iggl: \ljritncl ridl tgqill

Il' . : ....-..tc.' ..r..rt...nr,,. (n ,..!.\(J
uplake b! f laris a! i.o\\ jr aL,o\e I f ahle 4l l h jrs redirces i ee n\rlar.s ill

FreeOxalateFerlilizer a,r;)
CF BF tt/ks dwt)

T0tal Oralntc
(s/Lg d\t)

Fi
0 {l 2.4 .1.8 t.4

100 0 5.: 9.5 3.2
7_i 25 4.2 8.5 2.8

50 1.0 5.i 1.1
2_i 1.6 4,E 1.2
l) t00 ).5 4.5
l\'lean 3.1 6.,s t')
LSD (50%) i.2 il

Second season
0 I 2.1 ,1.I 1.2

r00 0 l0.l 3.5
7:s :i 1.8 B,] 2.6
50 i0 i.1 6,I 1.'7

2.8 5.1
0 lOal 2.2 ,1.8 t1
Mean .l.2 6.5 )..(l
LSD (i09!) 1.0 3.4 1.3
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plarl\ llrLiugh rhe lunnatrorl ol aa-o\alate comple\es (Virvakcrr and
Slandal. i989). aphlsiologicallt inactire comp,rund. l liese tindnrgs ar!'
in hal'Inonl *ith those reporled b] S.dti./4r al990landl-]ons?r./l
(1991). ln ihis regald. T:kebe rl a/. (1995j ibudd thai irisolub,c cxili.
aci{i ccnieDt increased sith increasing Ca.rK raiio i spjn?!ch ice\cs, uhile
$hrtrlc o:ialic acid conteni dccreared

In .o|chrsion- 1Lc cornbinatro0 (if Cl alrd tlF was niucir nxrre
desirable \\iih re$ocl rt) Sro\11h. rrlrric ,ccunrulal;or anJ lora1 \
c,rn.cnuation io lcal,! r cgcraL,lcs suc h a! sp inec h. as oppo,idd 1L) either \
source used singi). .1 ttj;lilizer iri\lur. .,150"; (ll: rrLi all'],; Bi: it)i rn \\ 3,r

thc besr .ombinariorr iiir marirrLrn gfo\\1h axi torul \ rs \.,ell as

oljninum nitialc ard o\rl.rie c.Dlcmrarion\ in plant tissues.
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