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oil conlcnl olcoriandcr plants.

2, }I-{I'ERIALS A\D Mf TH0DS

lhis e\pcrimert \!as oaried oui a1tho L\perimental Larm. Irac.

AEic.. Mosht{-.hor. Za-{azig Lluit., during l99li9tl and l9{)8199
seasons. Mcchsnicalard chcrrilel anal)ses ofrhe e:perinental soil are

preser1l,-d h Iable (l-a)an,l (l-b). Mcchanicalanalysis rias estimated
accordirg to thc mcthods ofJackson( 1973), whercas. chenicalanalysis
was cslimated alcordi g to the mcthods oltshck rt r.r/., (1982).

Table (l-a): Merhanical ,rnallsis ofthe experirneDtal soil.

Param€t€rs Unit Se&ions
1991t98 1998i99

Coarsc sand % 3.72 2.93
Finc sand % 18.42 t7.5?.

sih 1,1.91 11.68
( lla\ 1i 5t.89 56.87
Te{ural ciass clay

Tabl€ (1-b): Ctemi€al analysis of the experimetrtal soil.

Paramete$ Unit Seasons

$91t94 1998/99
CaCOr 1.21 1.49

Organic matte. aA 1.95 t.t'l
'l olal nitrogen 0.53 0.ls
Total phosphorus % 0.23 0.19

Toial porassiurn % 0.13 0.09
E,C ds.m' 0.ttl {).,16

PH l.t9 191

2. l. Nr-firiing itro(uhntlt
Non-synbiolio \r 1l \crs

. .alpirilltm hra:il( \! ) \\erc $e,1
$ere kurdl) pro\ided b) l1e Lnrll

l):alDhu(t* chtuocaccutit ?\rtl
as secd inoculenls. Ihcse strains

ot Xtcrobrolog),. Desert l{csearch
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Cenler, Nlatari4 Cairo . Eg,pl. Thc strains serc $owll on niodified

Ashbys meriiurn {Abdel'Ntalek and Ishac, 1968) and seuri solid rnalale

medium (Dobereiner, 1918), respecli\el), and incubaled a1 30"C for 7

a* ,,riii-,n" .*,t". 
"fbacteria 

rcacherl about 1xI0r cfu rrl '

2. 2. P- solubiliziEg inoeulanls
Dacilius negttthariutt |tt. tthos?hdticin (provided from the

Nlicrobiologl Dcp!.. Soil, \\ ater & Ln\;onmenl Rcs' Irst ' Agric Re!'

Centcr. Gi; E!]p!) *as 8R)un on Ilunt and Rovira (i955) mediunr

n dified bf AbJcL Hat!7 (1q66). then incubated at lo"C for 7 da"!s '
lvl;_corrhi;;rl spores ol G/omas ,,r,jre.'s \cre extracted fiom

onior rhizosphere bl using the *et sicvirl!! and decanling technique

((;edmann and Nicoisor. 1961).

2.3. Inoculatiotr
CoriaDder seeds \\erc \\'as,1ed. air dried and soaked in cell

.ucfe .h,r,ol'l-',rch.1t''ot LoI,'t,lt ' O' i<ll Inl 'lor rrr rlli'] '

Ar$ic gum (1611,1 was Lrscd as an adhcsile agel)t' Thcn the inocultled

sccds wcrc dividcd inlo rhree SrDups, thc first group tlas leh without

llrther inoculalion.The second group $as inoculated Bith Zrcil/rrt

Dte*ihofit]1) \1r. Phaljtutitto (10i cell lniL) in the santc rnanner

merrtil,ned :borc fhe lhird group $as prepared for culti\ation of

mrconhizal trealmenli Sceds ol uninoculated fcatmcnls \!erc treated

\trth N Cecili l mcdium r'ilircul 5j.lcflri .,llurr Bellre slsrlg'
nr\Junhr,/al ll(,r'r,<rl. \.-t( rr ' J(o .. lr : lnr.'lllal 'pu,.
.u:p.n.. n' lnrr_i00 'p"rL' rrrl .,r,C '!r' _on'i''l c' d ra e ol lu m r' 

'

rnd infectcd oBion root segmenli. lnoculalcd seeds $'ere air dricd a!

25-28"C for one hour. Alter so*'ing. soil \\'as inlnl.diatel) irrigatcd to

pro!ide a suilable moisture [or the inocu]a.

2. ,1. Expcrimentsl d€sign
{ randomized cornplete block dcsign \tilh four rcplicates $is

applied in the experimenl. Seeals o[coriander plans \1ere pla'ted in the

Urst \leek ofOclober in phts. the area ol each plot was one square ncter

nl1d i,rcluded ir.l. ro\\s v\ith an interrow dislance ol50 cm' Secds were

planted in each ro\ in hil ls w ilh a distance ol :0 crn. betwccn h ills The

seedlirrgs werethimed ore nronlh laicr to l\!o planls per hiil'
Lrcepr ior colrto] ncatmenls. aii piots \\cre ie iliTed with a haif
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dose (:10 kg,N ) of ammoniLrm sulphxle (150 kg/lbddan). 100 kg.
superphosphete (15.)% PrOj) and 50 kg. potassium sulphale (.18% KrO)
per leddan, added in 1$o equal doscs at 30 and 60 dals altcl solring.

2. 5. The €xperimenr iDcluded the follorlitrg tre{tmentr
L-L,ntreated plants iConlrirl).
2- 60 kg. inorganic N fcrtilizer.
3 ,4zonbatter chrooco.( ,r - l0 kg. N.
4-,4:atabdttrr .hrao(orcarr i0 kg. N. -P.S.B.
5- !1:otab&trr tJraoco..rr, - l0 kg. N., N,lvconhizae-
6 A:o!t)Dil!un b/,zJiirrsr - l0 kg. N.
1- .1ro\piriliunt tr,rrilurrrr :01g. N. P.S.B
8-.1:o\piril!unt Dr,arlrr\J - l0 kg. \.- \llcorrhizac.

2. 6 . Sxmplidg and Determinaiion!
At tle \ eseral;\c stage 150 da) sl .rnd 1]orering stage ( I 10 days)-

rhircspherc sL)il sxmplei olthe planrr lve.e laken to nricrobiolosical and

chemical deremiinariur.. Also. coriandcr plan6 at maturit\ stage qere
lrbtained ro delelmine the sro\{h pa.anrrers and chcmical analysis.

2. 7. Micorobiological analvsis
- Rate of rnlcorrhiznl inf_ection \l,as claluated according to Mosse and

aiiovanetti (1980).
- Phosphate dissolvine bacteria densiliej uere delennined bl thc standard

piatc method (Burt and Rorira medium, 1955 m.dified b]
Abdel-Hafez. 1966) .

Nihoeenase actjviq ras eslimaled according to ( Ilard] {, .ri.l9li).

2. 8, Chcmical analvsis
-Arailablc pilosphorus and ammoniacal and nilrale ni$osen rrere

delermined accordin.s to Ollen ,?r.rl. 195,1 and Bremner end Keenv.
l96i respecri\.1\.

-Nilrogen. phc,sphorus. porassiullr chlorophlll and carotenoids \!ere
determined accordinp to A O.,{.C. ( t980).

-Tokl carh.h\ drares coment oJ lea\.s was dctcnnined by Sn lh s/ d1..( 1 95 6).
-Essential oil content \\as dctennincd b) waler distillation follo\rin-q the

melhod described b) l-l$Uian Phamacopoeia (1981.) .
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2. 9. Gro$th parameters
Plart height (cm),Iiesh aId dn 'reighls ofplant (g). no. oflea\cs

lplanl. no. oi braoches ,plarl. root length/plani (cm) ard f'resh and dlv
$cights ofrools,'plant (g) $ere dclcrmjned at mntunt) stage.

2. 10. Yield and its compotretrts
At larvesl, no. of umbehlplant. no. of seeds (ftuiis)/umbe1. seeds

(fruits) vield (9 plant)- seeds llruits) )ietd (kg/tcd) and rvcigirt of 100

seeds (g) r\ erc rccorded.

2. 11, Statistical analtsis
(1rc!\1h parameter,r. \ield and chemical consdluclts ofthe plants

$ere slalislicall) aral!zed u\ing re!ised l-.S.D. test accordirg to the
procedurcs oullined b) Snedecor and Cocluar (1989)

3. RESULTS A]fl) DISCT]SSION

3. 1. Phosphate dissolving bacteria, m-Ycorr}iz:rl root infection and
availabl€ phosphorus

li.csults presented in l ablc (2) sho$' thc chanScs in the populatioD of
phosplrtc solubiliTing bacteria in coriander plants rhizosphcre. Densilies

ol phosphare solubiliTcrs were highcr at the flo\lering stage than the

\egetitile stage. Thc benelicial ellecl of root secrEtions during the

flolvering siage nra] e\plain Uis inlreasc- lfloculation of secds \tiih
non-symbbtic Nr fi\ers and recciving hali dose of inorganic N-fertiliTcr
gave higkr densities oI P-solubilizers than uninocuiated plants

sLrpplemented $ith fu l1 dose ol inorganic N-fenilizer.
The highest grpulati.rn ol P-solDbilizers \\ere obsened in lhe

lrcatments inoculated \lith aslmbiotic iiazolrophs and phosphate

solubilizing bacteria. Moreover, dual inoculatioD qith diazotrophs and

mvcorrhizae 1cd to an increase in deNides of P'solubil iTers compared lo
single inoculaiion with diazotrophs. lhese results cnnlirrned those

obtained b) Saad and Hamn1ail (1998) and Zaghloul(1999).
Data presented in Table (2). indicate t}at the combined inocul tirr

\\ith A.obbdLlcr or ,lzospb-illun aDd !esicula. arbuscular ft-vcorrhizac
(VAI )Cl.rr"r ,uorreae in tirc prcscnce oi hall dose of inorganic

N-tedllizer ga\e the highei ratc of coriander root inlecti()n |1 itlr
cndomycorrhiTae. These data are in aerccmcnt \!iLh tl',osc lound by
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Irarcs (1097) and El-Sau) eral--(1998) l-,r\ perccntage ofmycorrhiztl
rool inlcciiul ir the niroculated ooliander plallts indicared $a1 the

DalileV-{NI fungi are preserl in lhe soilbut in lo}! dcnsiry.

Data also shou thal dlc a\,aihble lhosphorus oicoriander plants

rhizospherc tvas remarkabl) iDcreaseJ in inoculatiol fearments in the

preselrcc of halldosc oiinorganic N-lerliliTcr compared lo urrinoculatcd

neahncnl and luplrlcmented \ith tull dosc ofinorgaric \-lenilizcr' The

increasc $as morc proninenl in ih. conrbined biL,Ic(ilized teaunent!

\i1h non'slmbiolic N.li\er ani phosphate solubilizcrs than il1 sirtgic

biofe ilized treal ert.. thii l :ghest \alucs ola!ailable phosphorus \\.re
recordcd NitI Azalohi.to lltrooca.cutll combi cd with phosphate

solubilizirg bacteria. This incrcase ma) be dlLe to thai the P-solubilizing

baoteria utiliTe organic compounds as carbon and cnerg-'r sourcc and

produce orgaric asids thereb) solubilize insoluble Phosphates (Gaur ?/

a/.. 1979). These results .l\ere co iinned withlhose obtained by Barakah

€r.?1.. (1991]) and E1-S.rlcd (1998).

3J, Nitrogenase actiYi8 and
rhizosp[ere
It is obvious 1l-om ihe dau in Table (l)1hat nirosermsc actiritr-

increased in coriander plarts rhiasphere thich recci\ed asy,nbiotio

diazoirophs and supplemenlcd uilh half dose ofinotganic N-fettilizer.
this ora! be duo to thc b* doses olN_1s(ilizcr $hich c couragc \1
fixation (Salch ?/ d/.. 1998). rNitfogexxsc acti!i1l incrcased to

consrderablc extent: ir dre prescnce of phosplat. tolubiLi.ucrs- The

highest ra&s of nitrogertase acti\il) \\ere obtaired \lth c.lnlbination oi
non-slmbiotic Nr ll\ers and VANl or ph.sphale solubilizirg bacreria al

flolrerirg stage in the nro seasolrs. sinlilar rcnLhi \\ere recordedbl

Barakah cr zri., (1998) and \Iikhaccl ?7 r1.. 41000) who found thar

nitrogenasc activit) iicrcascd b) dual iroculation ol the plants with
ou,/. rruphr Jnd \e\r.ular a'hu..ulurt'c -l',.e.

wilh respect to am oniacal and rilrale nitr'ogen- dala in Table

(i ) sho\v tlat annnoniacal and nitrate nilrc'Scn concentrations \rerc

apparcntly higher in thc llo\\eing siag€ thrlr lhe \egetali'le one ir lhe

t$o scasons. lnoculatior ofco.iander secds \llh nl)n slmbiotic Nrf crs

and phosphatc solubilizers gare the highesl \aluesofanmoniacaland
nrlrate nitrDgerr concenlratiors. lirese ircrcascs nra] be elfibuled lo

tho high values ol plosphate solLbiliTing bactcr]a densitics and

nitrogen foms itr coriander
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r)).t,rl,ljl rr., .r.t.iI..1 p<r.\Irdu( $j.rrIc.ime,rcr.rlrt.".
l;1,,1..'1.;1,ll,li,.,;'f:, ;,i;; ' :.'.' ". hea\.,,b, \^,

3 . J. Crowth characters
Ilata in Tabje t.i) ctcarll iho$ rhal all Eo\r1h characiers .jfcr'r,ur,dl. rldnr, .r_ r:- ,n.1, i p . \eJ -\ oi..l.n . zt;..r .,. c.;;oare.l\\ll n,nii'r,Je.l :,.,.. Dr.,t ir^(utali,,r $id, dia.rrrrph. arrJllr .plr:r L ,, ;t /( .ir l-.Jnrt\ i4Jrca..J Ero\t ,.n.,ru.,.|:, ." ,, ",,,nc,:jtL c d,t tr..h .r,rd dn seiiht.. nLrmh(I ,.t t.rr* 

",,a 
Ur_O,." n-.,

I!Jnr_ ro .r (r ,li .r J .rL.l ano dr] *ri_nrs or rou per planr romt:red r.!irr-rc. ,ro\L,ld ru..$r.r r....-brotic \ -,lsr, Ir sa. torLrJ r ) ,r r ,.,\.,. .x,rgro^d1 charactcrs *cre obscned in lreat ents iroculaied \\iti
i;!"1.:^,,,, -,"--.,, rnd \ \\rar rr .nr","_,r,o,ri,,,"u".,.|.,...
rr, 

(\e rcn \ trc rrr :rr<enrerrt srrh tltu.( uordi k,o h\ I ar(.., lao I anlrr-\J)cJ. ( ,)q8l rrh^.r.rtrJrlrrr ..rmbirrea,,o.r,.,,,nr"i,t,ai.r^,,,,ft,.
r.n,l-\ \\lr"d.apo.rrrrei,lc..lor,fta,rl-r a\rJr. t.(bcr,et .,",.,,.-,1 ,\ r\( \ .ll ltJtrt rrJstrr rnn hc :rn.jl- lcJ t"r ul tl t.,l.tr \ -t:\Jrkrnlr'l + i' . ,l.u ru rtr. I,ruJLcri ,, . I r,^.r . p,, n"r,'n1 ,",, "","'-' 

-'

", li) li- llll""l 
. ,J...r..,, ,F,\ ,h\rd,o qr-qz"si ,qrjorrirr. r, ,rI rnrpl{\ r'.nr i:,\.lr -,rJ ri.nul.,ls llen.rc,ut,i,rlJ(\e...Dnrlnr\\i,.,c_.. ,i,. ., '..r.ci a.pr,.rrrr " ..i..,u.ii ili''.,l')""

nh,\plt.rte ,Il,l.,,cr. .rrr,.r.\(.r i,\!rh pJrame.rr.. tn. .tllrrrldr ,nerr..I ..' tl.,t,lllr-..l"Lr ,/.r .-r D.. ,F;t,urLJ r,, ,Ir..,.u+,r,u IrLrr-r( rr. h) plrrr . +prc-h thJ.fno.u. r,. . .nil .. or..\r Li\
1".,.'- ,,' t-btc r-) (,,Jncr :no t,,,<r ( "-8r rar.,r r,,, rrre

:llcc')lrrl'", r Iltrrca.in. Dli,nr Dho.r,r-or.,, i..nrL..r o\ \ A \r r. tr .c. .rn

ii li,^l ::-lllf 
.r \ \ 

",\..ur.hi/dr ,.p.a. .,,.o.o,r..:rr! .,n...i i,, ,.
'uru .rne,l 

rrln.t .arr, rrrurt,eh \r u,:.t.-.Uulr I 6.-.rt-e ti.ic, air:,q

3. l. Chcmiql cotrstitucnts
lr'r nir..;- . l,lo. ,.Jr ,. a o -ut.,..r{.nr ..,n.(r.r. d. $(l njp,,lo.\tr".'!.-:,r.,,. oc;,Lr..h"u<d.imtt,.rrrr,d,r.,

jL,l ', ur.,n 1 . ..,a..r(, Lr. ti. rrr labr< 1.y r.ercaLo r.rrrtl: '-irz-: ., '. r-norr prd, r. '\rh,'n-.\.r,b^ri. \ -rt.(h,.-...dnlrrE., ..nrcnr rrJ nl,,rr.rnrlrr.i. c,utuctrri.tjJ.,,rorr rr.,r. .Lcconlrol. lhe hlghest\_ lJ anrl K contcnrs as rell as phoros)nthelic
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charaoterislics \\'ere recordcd with ,4zoI.rrld.re'- or '1:osPitillum comb:l.led

*ith VAI\4 or phosphale sohbilizing Llacteria. These results are in

asrcement $ith Barakar and Liaber (1998) 'rnd Nlikhaeel e' rrl" (2000)

Iircl strtcrl tl*t single and rnir'ed biof'enilizers siSnificentl) irlcreased

bolll mineral contend,md lealchlorophlll urncentration than the control

l'hese resulls are good e\planation to lhc obtain€d results 
'egttrding 

the

ta\orabl. rolc ol liofenilil2tnr on gro*th chamcters (Tablc 1)' lhe
availabilirr* ofN ard P fdr plant growth due to diazotr)phs and phosphatc

solubilizeis inoculaled lo large increase in the rate ofphotosl thesis b) thc

. drl. ul,i.h r-..rlll.,enl L '',pp^fl nldnl tr'$lh
r. .r in lahlcr5r,''u. i'ldira,ctl'arrctol: bol )JrLre$hosed$('a'nc

generai fend coriceming the beneficial €fl'ecL of dual inoculadon ol
ior-syml,iotic N:-lxers and phosphate so lub ilizers \i hich gate the highest

values oftotal carbobyrlralcs. I he enhancing eliect ollhe bioferlilizers orr

!Io{,th and photosynthctic characlers wilh rh' \anre treatments { lable J

and 5) ma) e\plein thc increale intotil carbohydraltjs'

3 . 5 . Yield atrd its conPonents
Dan presenterl in Trble 16) sho\! thel drcre sas significanl

iLrcreases inihe lield ralue, ii both seasons $hen dre plalts received

bitrleniliz€rs. \lr\i'nuln !ields ol coriander planis e\p'esscd as number of
umbels per plant. nurber oi sceds (ftuits) per umbel- seed \ield (liuits

yielttl pir piant and feddan. *eight ol 100 seeds aild essenlial 'ril
ol seeds \iere obtarn€d b]'using, dual ino.uladLx nilh 'lzotahctl| ot

A.ospirill m conbined \lith vA\f or P solubiiizing bacteria' Ihesc

results are in harinony \rith those obtained by Fdres (i991) and Zaghloul

(1999) $ho mentioned that inoculation ofthe plants with diazotrophs and

P-solubilizers significantl] improved ihe yield of thc plants lhese

increases mal he attributcd to &e beneficial effe.ls oI N._fixers and

P-solubilizors on plant lFowth. NPK conlents aod photosynthelic

,rhar?cteristics obseN-ed in this work ( Tablei 4 and 5).

3. 6. Essential oil constituents
Conceming the elTeci of bio:fcrtil izalion .n cssenliai oil corstitucnts

of coriander plents. ,laa in Tablc (7) rndicare 141 (lLC anal]sis 'I drc

\olatile oii ofseeds rc\ ealei ihe p.cjclrce old pineic linalt'ol' camphor'

mtrcene. bomcol. ner.rl. cis-ceraniolafd gerd) I acetate ' All treat ent5
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