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ABSTRACT

Two field experiments *ere carried out in a private farm in Abou-
Zaabal at Kalubia C ovemorate. during t\\ o successive seasons: I 998_99

and i999-2000. Borage planls (Borogo ofrlirull^ L) \\ere fettilized
$ith ammonium sulphale al 0, 1i0 and 200 kg/fed, and nitrobein (as a

biohrtilizer) at the rate of 0 and 5 kyfed [Part I], or \rith calcium
super-phosphatc at 0 and 200 kg/fed, phosphorin (as a biof€rtilizcr)
\rilh the rate ol 10kg/ f'ed, and sprayed with ad inosi ne - ,ri-phosphale
(A1P) fPart nl.

Data on plant height, number of both leaves and branches, dry
weight of leaves and wcight olseedyield $ere rccorded at different
soges c,I growth. Also. seed chemical constituents as totai
carbohydrates, c.ude protein and fixed oi,. besidethe fractions oflhe
lao! acids were determined ir the two seaso s.

Nitrogen bio-and chemical lertiliizatioll increased ihe plent glo1|lh
characle.! in rhe diflerent stages compared \\ith the control.
Bioleniliz.r f.atm.nt \ras the most ellective one. Also.lhe treatments

increased ihe toul carbob)draies. crude prolein end lrred oil in seeds.

Tle percentage of unsa&raied thtt] acids in seeds increased b)
oitrogen t'ertilization (bio and chemical) and the ratio between

unsaturated and salumted increased b\ aboul I ro 4 timcs. Also
nitobein ga\e the highest values
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Using various sources ofphosphorus (bio and chemical) as wcll as

ATP elTecti\,cly impro\cd thc plant growth characters and lhe chemical

constjtuents of sccds. ATP seencd to be the nlosl effectile amongthe
realll]cnts.

These treaameDts raised the ratie. ol'unsaturaacd to saturated l:try
acids. Houerer. some of lhem were undetected in phosphorin

Ke! wotds: ddenosi dti-phosphate. bio-l,rtilireL bttrage, Borugo

aiicindllis. growlh cottstituenls ilrobein, nitrogefl,
pho s p hor in. phos P horus.

1. INTRODfTCTION-

Borage plant lBorago o;flicinallis L,) famil,v Boraginaccae, is a

herbaocous annual indigenous tc, *lc Mediterranean region. ralive1o

Europe and North Aftica, $here il has spread to olher pans like Asia

minor and \_orth .America.

It has long been srolrn in gardens as a medicinal hcrb. and as an

L'xcellent source ol nectar for bces. Tlle flo*ers and leaves ofthe plant

arc uscd medicinali]. besides the omamental values-

Current interest exisls in borage as a seed crop, $'hich contains a

high percentage of gamma Iinolenic ncid (GLA) lcraig and Bhalh).
19641. an unusual fatry acid and prostaglandin [Traitier er .l1. 198'1-

Cutting 19E5, and Jorgensen 19881. rostaglandins ere invohed in

rcgulatinp many meiabolic l'unctions in rnammalian slstcms (Whhe r,
dl. 1978: and Willis, 1981). Linolenic aoid (LA) is thc precursor of
jasmonic acid (JA) and its meth]ljasmorate (MeJA) $'hich may delay

senesccnce and acts as a gol!1h regulator (Creelman and Mulie!, 1997)
'lhe constitueDts in seeds include tannins. saponins, mucilage,

silicic acid and minerals. Also, borage o,1 has anti'inflafiunatot), wilh
nild diuretic, diaphorLlic and demulceN properties. lt is also used as a

good general tonic. In hcrbal medioine. it is used in i fusions for
urinary inf'ecrion colds. bronchitis and rheumalic conditiorr. Exiemall].
if is uscd in cotnpresses for skin rashes (Slodola and volak, lr)92).

Fixed oils dnd fats are *idel! dislributcd and occur 1n bolh

vcgetative. reproductive organs and seeds. As lipids. and tats lorm an
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essential componeni of biological menrbranes (Trcase and Evans,

1998). Salurai;d farq- acids arc low in borage oil' its physical and

chernical characteristios are similar to those for commercial vegetable

oils (Oderinde ,rl ,1 1990). Borage seeds' the richest l(nou{ plant

source oi linoleic acid. contains (9% to 3l%) lipids' of*hich (31% to

6l%J is linoleic acid. whcreas the rest of the major faltt acids are

n"ln-ir:c ". d r lo . l80ol. 'leari. aciJ(80olo l''oorarrdolei' acrd

; " ro t00,...1 ,r ,..1. tovql lhc bordFe sceJs al'oronrain

-",lerarelr hieh ar]ounls of other minerals (Ca' Mg, No, Mn, Fe and

Cu) *hicir made lhem potenliall) usetirl as lbod supplementsl (Olaoie'

1q911

No$adals, 11 has become nccessarr- tll search for untraditional

fertilizers as iLrbstitutes tcr chemicaL nitrogen and phosphorous ones'

Remarkable ctJects of untraditionai fenilizers especially the

biofertilizers have becn reponed on go$1h and )ield ofpotato' lmam

and Bada'w1. (1978) found thn! fteating seeds with -{rolo'd'ler
cfuocttcani increasecl planl groBlh and,'ield and Produced compounds

detimcntal to pathogens or lhat act as plant gro*th regulators'

Azolobaclers io synthesi-ze stinrulatory compounds such as

sibberellins. ctokinins and inrlole aoetjc acid, \r'hich slimulate the

i',lunL ..tt "rprn',.n \\4,rnin. ls8l,. Ihc production ^lbiolog;cal]]
a,ri\L .ubctlnr<q bl thc ha.terra $r'lhc principa la'lo- rerpon:ible

for plant gou. h promotion.' 
Ph.i.phoru' pla]' ar irnponant r'rl' in nan] <n4mc rerclruni

depending on phosphorylation and energ) 
'onservation 

and transler for

a ,. ide *nge ol biochemical processes fWalker, 1980: Sler,enson'

1986r and N4arshner and Caknak. 19861.

Phosphorus nurrilion is doubl) c.itical hecause the total suppiy of
.l ,.nfr r., r- '. .' '. :,. r' ,o$ d'id ' n"r ,e'dil\ d\rrl"bl( Ior tce planl

,'. 'tf ., . rc ra...ol . noenr'.'e_lrio. 'old'rqlP Pencraling

path*a\ s. ,.. philopl',o:phonlatlon. gL)c'rllsis TClC-C-vclc' 
- 
and

oxidatiie phosphollation are reilricted Lllons and Breidenbach

(1990) and Oniz (1991).

ln addilion. slnthesis oi bioconstituenls, minerals uptake'

fanslocation and ielcntion proaesie! are dependent on the adenosine

lr..Dh\'.phJle \ A l nr .tlppll ' Venscl a_d I'lr[l) 'S8lr'' g",,a., Ln" i.turr.me, r ut AIP rn the .\slcm ol g<nc

expression and function, it is also direcill involred in gene (DNA)
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structure (Dashek, 1997) The A-MP (the hydro\tic derivative ofAfP)

is the main precursor ofcrlokinins (Jameson_ 1994)'"'"'il; ;i. of this investigation was to determine the irdividual

"tf"",.''of 

-"ii.og.n 
1evels agilnsl biol'rtilizer nitrogen (Nirobein)'

oi...""a"r"t*" oi-p*spt,ate ('lrp) a! a foliar spray' effeot againsl

i"'r[*1.- ""a b;opho'phoru' rer'l'/er {Phrrjph'rienr' un planr

],""1i- q""..1^*, 'c.a lield anJ 'h<rnr-al {nn'tiluertr' ol Bor'/s'

ilfc;nalils plant were investigated'

2. }L{TERIALS AND 1IETIIODS

this studY iocluded r-"o Partsi

Part I: Lffect;fBio and chemical nitrogenous lertilizalion tieatnrenti'

"ir, 
it, iif"", 

"f "i" "nd 
chemioal phosphorus fc(ilization end adino-

sine_tri-ollosohale treatments'

s".f' ot_ao^;, ' rtrrinalti' l ' ohtalned lrom \leJi'inal 3nd

Arornatic Planrs Re;rch Sectiorl, Ministry of Agriculturc Gizz \\'er(r

a"*ify-t"t* "" 
,r* l-<d ot'septembcr in the two seasons in fie field'

- .'-- 
i'Lt:.i."i and chemicai paramcters of the experim€ntil soii

anahsis are shown in Table ( l).

Seeds *ere sown io plots ( 3 x 3'5 m), in hiLls on one side offo
.,n ai.tun"..l"t ."n ,olrs and 30 cm between each hill (3 seeds / hill)

,f.it.. r".ating 
"r".g"uce, 

rhinning was oarried out twice' one seedling.'

hill \\as left.

2.1.'l'he taeatments w€re as follows

i.i.i. ,q.."rir. sulphate [(NrL)rsor], :0'5% N, at th! 
'are 

of 0 1 50

unJ zoo f.grta. aiainst Nitrobein as Biot'ertilizer cootaining

;;",,';;;,", 
-,hrrrorlu,n 

bacicria, (produced b) the \liristl'of

Tatle (1): PhYsieal and cherrical Bpalt sis oI the experlmcorll sorr'

Phvsical proPerties Chemical parameters

-soit 

tvp" : Gla))
Coarse sand I 3.15%

Fine sand : 28.89'0

silt :26.159
Clav :,13.68%

- H : 1.5

fq, u,ruUl.l'1,*og.n .25'2 PPm

,\vailable PrO' : 115 PPm

AvaiLableKro : 180 PPm
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ALrrLutture. Ciza. Lg,plr. Ammonium 'ulphale $as applied a1 rso

;-^";, ;;" nlon,tt ini.^u'. rhe firqr one rrasappliedaftcr 15Jal'

;"; ;. ;;"i rhinling while \iroocin u'a' added as a presorrrns

"or"rl',e 
rg.n, of seed: al lhe rate ul ) lg [ed

2.1.2. Calcium superphosphate i5 5% 
-P:Os 

at 200 kg/f€d' agajnst

:iil-"t". 
"- .. a Brolenilr,'er c('nldinrng Ba i/1ar eP'tth'r ttl

""i. 
rir'i 

"t"" 
r*o 

- 
ot Ihe Mrnisrr) o' Agriculture ('izd l g\pr\ \<'e

:::.t il"il" ii'- ono'pr'ar' ' 
\lPr P)o !vd' aoJcd durins the

:i:;"'"'t :,; ' ;.; ,rl"' pno'oh ri, ua- mrrcd rr ith rhc soir at rhc rate

Il:',i' "",.0 t.,r* 
pl.rrring' vran+nrle clP$a"ora\eJ r$;cerd'

Lr. u truel.at trace and l0 da\s aficr$ards)'

The reatments ol cach pal1 were aranged in plotJ' as a complete

.r',dorn r.6 og.,gn :0 l,ail- ed'll ll th_(\ r'r1:Lal(''

Ihe dald $ere r(''ldeo ar "gt''"te 
no"e' hudornP and

t.,"..';;.;;' rqtt ':o 'no 
l:u od!'rromp'a rrns re'pecr:!'l\j'

t..a-' ".t. *f f.",.4 I $ce\' rdler 
' hanc', ddle)'

-'"'ii"'r.-.a.a 
dsla '\erc: 

prdnr nerghr trm' number of Iea:e,'-

olanr. numhcrol bran:he. pldnt. d+ $cighl oilen\<r(8?lanrl-selgnr

Ii-'|"a.,o of.*,. I nc dara uere'ubjecred tothe'talr'lrcal anar)'es

i,.r,dinp i t,o'nm.z ,lo u"tTi'' '091),fr. roral Jarboh)orare, ar.l
\amnles \\ere taken tu determlne

-*d. ;1:ii;;.";,;,;in t"o"' 'na 
*"4' *'ordins to r lrerbrn er al"

;q"i:,:;;'; ir' e t 1lo's,c'pe.rr\er)' rorar liprd' in seeJ' $c'e

;. ";:;.; ;, ih. to,'.t',.p ddte' Ite pcr'enlasc oI rrirrogen *'t'
.:;'1.;;il, ;,:."'"*" ot c"oe p'ote''' b' rultrPl'inEb' (6'2<)'
' 'l; ;;t 'u'' p''pi"a rrom oir 'dmple'and 'rardaro

,."."1i1'"i..'I*,'."ii1'o 4c Unicurn 1ct'c) equipped with a d.al

i,-;..- '- r"t.'n D'recr'r rh"epardrr' n Jl 'am r''J metnlle'tcr'

l,;.--.,"r-;o'..,"'- .w,nr \P rr0 5'00'\anoprop\l phen\l

,,'- " 
t 

' )"-1_'. 'lLn,'sa'r'<d$rLhlenrpemrurc'progamor

iolC ,o rso'c mio' the injeclor and detector tempemturcs were

nu:nt.ined a i:0 \ dnJ :00'( re'pectirell' lhe prerure ol carri-er

''r_ lR ^a Lrn Th( relalr\e p€rcenBge rrr Eau'r

::;;:a=:,' '.1.r'.,.: ^.o'o'ne 
ro rhc peal arca b] variin4 r-0

't""L",",, 
",* r.ii""t' ;a*t'r'"Jul matchingrheir retcnrion tin'es

, 

'i;,";.:'"' 

-;;":. 
;-r h; aurhenric samfles a! dc\crioed b\ Klciman ,

d/. (1964)
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3. RISLTI-TS AND DIsCI]ssIoN

i.l.,lfltrJ..iil'!:"',X; 
"",f, 

icar nitrog..nous rerrirization

. \.rogen ren.rtra.ro.r J.aJ oo,tLrr
h.rg}r. nurnb.r 

", ,.,,.. ,." u'"ri'-r"l'e 
''!'nrir..fl (f'|ecr. on prar'l

or lea,ei. dnd ...; i ;: 
Jr-,8' pcl oranr' $ uel 

" 01 qe"rl
.rr. rea.ed rr,o r i .oo. ;;;;i,";.il:,.,1 l:;i "^ i[.fi:, liLl ;ti :rrcaMr(lt n n'tnrldl,rg tttL elo,rgat:,)n ol .,.* ,r"r.r."g i",l,,iinrimber ot lea\er and branqhes oier ol.r
.. r.. r r .or,,d ar.o 0. ..";; :;,,;:, l;::.lrl.Jk. ilj:r:::-jfJ\ame rcsponse to nilrobein.

... ,- 
t,:ro,,'-, ,LIpnJrc ( A.Sr ar 200 hts leJ ua. rhe .c.ondoerLctrcral treafineni. Ihi5 trend $as obsrgro$lh ar.ne r!t,, jra\.,n. t^"d In lh( d'lTrrenr idlc. of

..^. ,f"... results agree wilh those obtaircd b] Zaied (198,1) on'^altrnrr 1,larr": i"rnub I Iqq)r .,.r tn.i,, S"t,-_, i."-,',."" ni,ll]c-rrrn: Na.,rib..t dt. ttoqgt oI d;1.: dnd 
^0",,,.,rr,, ,.,o,,0,"l

l(ra:r""r Dldnr.. J hr\ rounJ rhir rr<arirrf L,t" .,.irh J,.oi,,b.crrr'a. aDro tertttrz(r in!rexsed plaitt slo$rh

3.I.2. Effec oo chemir", 
"o1,,,,r".,.j.i.j.l.,i"r?lJIt"t,,rrare. coor,nt in r.arc. aorJ..eri.

,...^ _ll- J",, -!" . ' r Iao e ,i rno...iq rd. \.r.flij./d.: ,nrrealment\, res-drdles\ ol il. narure lh6pcrcEnt:g( u,,..,.r, 
"r,"orr,,rr",., i,r.,. 

-' 
.or''<r i'"J r rrireocLo rne

.r,,8({ o, Lrosrh,.:0.;;;'i0','1.''( e\' rh<r ':J( r\.lLe' ,n a,l

| 1'::., :,:". ".,. e..;;*,," h i*r .:, ;"; :;: 1.";::::r::, i,,;:ril:icler,\ ^t \. comparcd sil,r thc (onrror at rlc .ame .. ,e; ( ,:.;".,;I /.) I '0. respactt\e).

, ., The abore menrirrtred resujts are in h
b.\- Hc r r a l 

. 

r r a 7, o n / i :;:, r,)i )i 
-.;,,',, 

;',' ;;;: jli,,lii;i :.HH.'ltldf,t, atho : lJ _ 5\d(h t)9961 on tl ha ,rrr,"-. i^ 
",jr^I lvu6)',n guar: and Abd I l-(a\\J r l9o9r on g.r:rnium olant,
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3.1.2.1.2. Seedr- ''-'-ifr" 
i"*1 " showed that Nitrobein gave the greatcst value of

-.f,ntrri*r.' I l'r'blool rolloscd b\ lrNH r 50 I ar '?00 kg/ied

i[",nrin1 1rfta""r. conpr-cd \^ill" ').-xI0, ror the co" rol plart'

(Table ,+).
' fi,"se results arc in agreemeni u'ith those obtained b) Oloafand

sanii f198E) on some food secds; El-Mos' (1993) on 
'rPi" 

r r€r'r'?is;

anrl Heial and Khalit (1997) on periwinkle- 
These results mal be duc to tlle improlenrent ofgrolrth which

led to the formation oicarboh-vdmtes in seeds. as well as lhe incrcas€ in

rhe synthesized metabolites \rhich in tum, improves seed p'oduction

3,1.2,2. Crude protein coDtent in ltaves and seeds

3.1.2.2,1. Leaves-'_'-'-nutu 
,tto*n in Iable (3) re\eal fiat crude protein percentage in

leaves ol borage plants increased as a resuh olusing dilTerenl source!

; nit oecn in-"o!1,pr.is{)n \\ith lhe contrcl lhehig:heilvalues$ere

"i*i""i 
ft"* the planls \\hich recei\ed \ilrobein al dilTerent gro$1h

strrges. The geates;\alues riere ll'41% and i2'll% in both seaso s a1

the'flo$er b"uddirg pJo\\'th stage comparcd with 25'55%dnd26'1i'

."*.-i'tAt, lhe .,nn,l flanl'. lhr'<re'u|t.dJeinagrcemenl$'l\
fl".. "trl*i \1 Heal' rl'r7-r'n H)o'r\rntu't tttt'u': /ctbe 

^ad
wild (1980) on Slnopsis alrd Plants'

3.1.2.2.2. Seeds

Clrua. protein ir seeds folloucd the samc uend in response to the

N lerlilizatio;. 'l able ('1) shorv that th(r values generall) ircreased'

;he hiqhest valre was tom plants received Nitrobcin (36 i2%) (2'85l

cipt-i), f"tto*"0 by the treatment of iOiH4):Sotl at 200 kgled

i:i.ceti, (l.ros g,prunr). These results \!cre obsen-ed h both seasons

.nd u'e in ugec..nt s th rhu.< ''btdineJ b) JA'ouDrloq5)on'\cel

0,. t ptnnr., una Snrfon 
' 
j00 , on trg, ror,.r 'i. rrr;a 'cd'

3.1.2.3. Fixed oil conteni itr seeds

The results recorded in Table ('1) show that fixed oil percentagc

signiicaniiy increased b) Nitrobein. A' S at I 50 and 200 k9 fed in

"."^n".i.on "irh lIe c^rrlrol. lhe De'l re'ull' v'cre obtarncd sitl

\ irrobcrn applicrllon a: a 'uur.e of bro_rrtr ogen fed ilile' $ rlh :8'51'!:

but dressin! A.S. (l50 ke/led) Save the louest improvement uhh
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2l-35%, compared with i1.28% from thc control. These results hold
true in the t\i-o seasons. and a.e iD harmony wilh those ofNour El-Dinc
et ./, (1983) on safflo$.er seeds; Ahrned and Zaid (1991) on fenugreekr
PTttl et al., (1997) on botlle gourd seeds; Soliman (i997): and
Nlohamei (1998) on black cumin sceds: and Shalai (2001) on
Le gerutr i d s ic a rar ia seeds.

3.1.2.4. !atty acid fraction
The relative percentages of fatty acids extracted liom brage seeds

lrealed with bio and chemical nitrogen fertilizers are prcsenled in Table
(5) and fig. (1).

Eight identified saturated fa(y acids \iere grcuped inlo thrce
classes. i.e., major latrl acids {mor€ than l0%), minor far!_u.- acids (less

tharl 10%), aDd traces one (less than l%)- Sofie ol]lhe iatfy acids whicll
are below 0- lo% hale bcen labeled bt, the syDbol(*). Borage fixed oil of
seeds contains Palntitic, I'almitolei,i,, Oleic. Linoleic and ii-LinoleDic
acids as main major components. (Wc.rcnsip e, dl 1990).

Accordingly, in all treatmenls the major sattrated falq acid was
Palmitic which ranged from (10.96%) in rhe plant treaied $ilh
Nilrobein to ( 19.50%) *ith A.S. at I 50 kg/led. and { 12.58%) with A.S.
at 200 kgrfed. compared \\'ith (il.?29'o) for control. The same effect
*es shD\rn eilh other \aturared fatt) acids. ie.. Arachidic and Behenic
whicl rvere classified as major saturared r'a11,1 acids. The results showed
a great decreaie in response ll] bio and chemical nitrosenous
1'crtilizalion treatmeDr.

ln the case ofthe unsaluraled lar1} acids, the results in Table (5)
show thal Oleic and Linolieic aoidi $ere the major co)rponents and
incrcased 6y all treatments compared *,ith confrol. It ranged from
28.21%, for the control lo l5.ll% at Nitrobein in the case oflinoleic
acid.

Conccming 6- Li oleic acid. the data show a sharp increase with
all treatments. Il is classified as a minor unsaturated iatB acid at the
contol trcafment I .i%, and \rith A.S. at I 50 kg/fed 4.25%. Whilc it ls
considercd as a maior unsaturated latq acid with thc other trearmcnrs.
having the ma-\imum percentag€ (21.66%) by the Nihobein application.

In additi{nr, from t}e data rccorded in lable (5) il ma} be
conc Iuded that Nitrobe in trcatme[t rcsu hed in the h ighest \ alne ol total
unsaturated latt\' acids (80.63%) compared w;th (18.719l0) for the
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Eflct ofbio- atrd chemical nitrogetrous f$iilization on fatt) acids frtction
in the fixed oil of

i:-=A-,lm;; *lpl"r" TII 
' 
a5 T."1 L nsaturared i I olal saturarcd ratio

+ Belowo.l%

conlrol. AIso i! led lo a lo*er lalue 01' loul saturxtcd fatl,v acid!

(1q.319/,) conpJed $ith (5S.68%) tor rhe coNrol

Iinall). Nitrobein lreatmenl recorded a marked increasrrrg efi;c!
on lhe ratio of T1,l TS gatuing 4.179lo comparcd {ith 0 659/' 1br rhe

'I hese rcsults coincide $ith lhose obraixed b] I alaat 'tnd 
Ylussef

(1998) or ,.rrrg., ofi.r),.r1 . Ho\cver, the seed oil iron other

Boraginaceae iamil) in general contairts con\iderablc rmounls ofother

uflsaturaled fatt) acids, besidc 5- Linoienic acid For cxample

Ambltt1.lus ftpesntrcpoied b] Isevcsuren and Aitzetmuller (1996).

The same obsenalions rverc recordcd by Huflubjscs',ll"(1992)on

'freatment Cotrtrol N A. S,050) A. S. (200)

Caproic C6:0 0.18 0.10

CaDrYlic C8:0 0.51

CaDric C 0:0 0.45 0.64 0.10

Lauric C 2:0 0.59 0.56 0.37

C ,l: 0 0.75 0.30

C 3312 i0.96 19.50 12.58

C 6:l 3.97 0.10

C 8r l 9.08 15.88 21.66 20.60

Linoleic C 8:2 28.21 t5 2l 32.58 31.81

C E::l 1.10 21_66 4.25 r6.85

C 8:3 0.12 0.61 0.1 t 0.13

C 8:3 12.18 4.39 t.78 6.00

llico3an-12- C20:l 3.22 .1.97

Beh€nic C22:0 11.79 2.28 1.4 11.70

Total identined 98 l9 99-91 ,9.11 99.91

Total unsatrrated (TU) 18.71 30.6i 6r.52 69..19

Tolal satu.ated (TS) ,9.68 I9.1,1 35_11 30 48

TLT / TS 06i 1_11 1.78
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Lemna minar and Balje€t et dl'' (1996) on th€ seods ofc'izdtid

3.2.nflect oftio- and chemicst phosphorus fertitization xDd A'T'P'

3.2.1. Effect on grotth charrcters- 
Ihe rccoided data in Table (6) indicate thal phosphorus

t 
"utn,"nt. 

i.p.or"d lhe estimated characlers compared *ith those of

unffeated cont ol. They showed also considerable diffe:ences among

,fr"." o""*r"no. The superiority was for exogenous ATP spraying

,ppl;"u,ior. fr*u, U"r"fore considered the mosl effcctive treatment for

in((easi nq !.'r"!\1h charxc(.-rs.

,; '"* r(flarLeJ lhaL planl nciShL rrumber oi learei and

branches, as well as dry *cight of leaves and seed yield per plant

increaied *ith Phosphorein treatment tltan dressing calcium super

,n"'O"i",t 200 kgied. lhc.e \\cre oh'ened aI lhe lhre< sLages o'
croMb irl boih seas(tns olthc e\p€rrment'
'- Th.r" results arc in hanaonl with those of Mcngel and Kirklr-

rlglt2r ,"\irh qlP lrcarr,ncnr: \lanin rlqSlr rrirh Bru-pho'phoru'

nut nioo, srf,"' rn,l kdbe.h t lrl88r \t;llr BiolenrlrTcr lho'phalc
lreatments on leDtil plants; Hauka el dl, (1990) on barle-'_ and tomato

olanLr. and Shaldfl (lLrol) on / dnge"rr'd \i i rdri'r llant-'
' v"r""lif.. dresing s.P rl ,00 ^g fed rec,rlted irr the lcr'l gro$th

o"r*"r.r. u,'d plrn, pirductr,'n. these re'Lrll: ma) bc anribul<d lo lhe
'r"i", t"f. ", AIP in acli\dling m!r\t pru(e5ic\ in plJnl metaholi'm

according to Mengel and Kirkby (i982)'

3.2.2, Eficct on chemical co[stitu€nls
3.2.2.1. Total carbohydrate colrtetrt itr le'ves atrd sc€ds

3.2.2,l,1.Leaves
Data in Table (7) show the total ca$ohydrates % in the leaves at

diliereni gro*ttr stages. It can be emphasized thai foliar application of

air ", 
s-o pp* .".iolt".t in th" hic;hest value oftotal carbohydrates

".*.;f,r ,i llouer buddirg (:l.or'o). Hoseter' in Ihc fir\r sea\on'

ili.':""' ^""ri"i"" ol s P. at 200 Kg led ted lo 1E -'9i ol

:;;;;id;:: ;;,.. orhcr hand. Pho'p-horein 
'rearmenr 

sate rhe

.""irr"!i. "r 
the least value (1525%) even less than the control

,li iq;", 1t".. resuls uere confirmcd in lhe recond Sea'on The)

l"tto*.d a 
'imilar 

ncnd as tho.c obtained b1 lerbe and \\ rld I lo80) ur

I
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Sjrdpslr irlro: El-Swae +\ (1996) aa Menth..t pipe-rla and Abd EI,Kawvr, qqa, ur geraniun.

3.2.2.1.2. Sceds
DcLa in lable rgrrcrral rhar lhescdlc.r \Jrucof,arholr\drare.

rn scels rcrul{cd fiom AfP tr(Jrnenl I J l8o d||d ra.8-",in brrh\ea\onrr. rollu\{cd b} 5 P.(200ru l-ich re.:,rc I r- , I0 -xo0 and 0qbo0.respeclively), rhe least value of carbohrdrates i,, ,."d; ;". ,;;;Plosphorien applic:tlion (6.3j% and 7.;t%l conpared rvith the contril(5.78 and 6.21%).

_ lhese findings are in accordance \\i1h the observations ofBish.and Vrrtarirn,lotr, ur,,r',,..,,.1..(eo,.o,oa,e a"drannirtgS8r
''n(omltrJreedc rl V..!1 r ,,.i l lupi-tl, kr- . ,c.d,
. I hcse resuks miahl be due ro rhe impro\emcnt ol growth lvhioh
'erJ. r",rrt rrmd,o-..r -a.-.I:: J,rre. i. ....r o. piun,.^;, 1_,,
'rote'\cd,r tle.\ntie../rd n-L.o l.t-5 $rr., rFtun irpro\(.the
seed producdon.

3.2.2r. Crud€ protein conteat in leales and seeds
3,2.2.2,l. Leaves

,- ..,. .?,,:- :::..::r, .rr 'aor< ' 
- -oii:r, .h.. \ I p appric.,{i,,nrc5umo n Utc h,ghc.r per.enks( J. .r-d( orolcr.r at ,ie rlo,^erfuoornP .!ru'{1h crapc rlj.lho. r-dr.o- -n borh.<r(. n.r. f,,l,ore,t

ll ln.:l^"_llnl|.:",*,rm< ,j, ^-oo-nd.ir.8: ". ,.,r..i1,.tr,. ir.roqr.L rrcredsrng \ulue. $ere r....,rd..t *ln \.p. r200, die".ingappljcation (28.24% and 28_76%l compa.ed !1irh the controlhcatncrlts (25.55% and 26.|9/0 in b;rh seasons)_ 
.fhese 

results are inagrcemenr with those obtained by Helaly (1977) on Hyorrroorru
rrzrr,, a,: Zrrbe ard \\ itd I tq8u ro S;apri, 

-/ia

3.2.2.2.2. Seeds

,^. f*ur9.'',t rte .ruoc pn.lei.r i.l lhe s(ed(. data presenreLl rn
r dr,r(r or tnot\are lidl lhL jonte4r r'l Crude prorein jnc.ea.etl a. a re,uh

:lL -Lr. 
rtu d;l,erenr .ourjes ot pho.Dnoruj in compariurr rr irh rhe .onrr,,t., r'i n'..J-e\t tatu( sd. obrarned tr^m \'I p apn.iJarion rr. J.{ g p.art),

Ilo1,1] ": 'n.-r1",ghor(ir rre.lr.,cl,: ir s pran,,. rr,. re,.r .o,rreni

"i L1"'l l'-1,!2u0"'oxo r pldn''|. .orpa.eJ q irlr 0.o2^g ptani.ri L c . rrrro t-eament Tl,e.c -c."lr, 
"cre, briou.,n both."ea,ons

E;.:

E

T
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and are in agreenent with thosc obtained b) I8e er a/, (198'1) on

soybean seed: Paul and Southgarc (1985) on some iood seeds: lacoub

(1995) on sweet basil seeds; and Shalan (200i) on Lage atii sicetdria

3.2.2.3. Fired oil content in seeds

Data in Tabte (8) revcal that fi\cd oil percentage and conteni

signilicantly increased \rith all treatments ATP at 50 ppm ral be

considercd the mosl ot'i'ective treatmenl lor increasing lixed oil 9'o and

lield/ plant. Ir resutled in 37.,1'1% oifixcdoil(3.864nr/planr.The
leasl yicld $as found with dressing calcium superphosphate al ]00 kg

teit (1.39? mllplanr). compared \rith the confol(0 401 ml4rlanll. The

resuks had the same oend in the lwo seasons These results rie in alose

agreement *ilh those reported b] Marshner and Cakmak (1936)on

cotton seeds: Wasudelar e/ al. (1996) on suni'lo\lcr seeds: Baljeel !1

dl.. (1996) on seeds af Guizotid !zrr'i\srri.d; Paiil etdl (lqgllr and

Shalan (2001) on bottle gourd seeds of(l,dgerdlr.r si.'claridr pLants.

3.2.2.4. Fafly acid fractiou
Tho relative percenlagcs offaty acids extracrcd liom oil sccds L'f

Bordgo ofrci dlis plants treated with Bio and chcmical phosphorus

lertilizer are recorded in Table (9) ard Fig. (2).ln all the treatnrents the

major saturated fatt) acids were polnitic. ll ranged fiom I07% \ilh
foliar ATP beatment at 50 ppm (lhc least valuc) to I 5. 19% and I 6.1i9 o

for $e Phosphorein and S. P. (200) kdGd applicatioos, respecti\el).
againsr 33.72% lor lhe confol (tbe highcsl recorded !aluc). Some

results \\'ere Iouod \\irh arachidic and behenic acids (as salurated fatl)
acids) which were ciassified as major fatt] acids (more than 10%) *ere
foLlnd in the conrrol (12.18% and 11.79% ). comparing wirh ATP,
Phosphorein and S. P. (200) treatments. Tley werc 4.13%, 4.58% and

5.48% respectively. l'hese arc consideted as nrinor fatty acids (less dlan

10%). N{oreover, there *erc tmces of saturated fatry acids (less than

i%) i.c. Caprylic, Capric, Lauric and ilryristic acids.

ln case ol the unsalurated fatt-v acids, the results obtained shoNed

that Oleic and Linoleic acids *ere found as a majo. goup (more than

10%) *hich increased greail) with phosphorein treatment (21.89; for
Oleic acid). As iar as linoleic acid. its value was 36.41%at ATP

I
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,^. LP = Adeiosi.e Triphosphaie
TU/ TS = io1al unsaturalcd i Toral Saluralcd t{atio

S l'. - Sutcr phosphare

trearmenl. compared $'ith 9.08% and 28.219'o for the control
respecdrel).

Concernirg a - Linolenic acid. lhe data .ecorded a sharp

i .reasing eieci $rth all trealments Llsed [he ma\imu]n percentage

\\as of ATP ioliar applicrtion (:.3.1894), follo\\ed bl Phosphorein

t ealnent {11.99;). and S. P. i:00).: (19.1.11;). shich was considered as

a mxjor unsalurated laE) acid. compared \\ith th€ control (l.i%). It was

ranged in minor goup
Ir addilion, ihe data sho$n in Table (9) and I'jg. (2) indicate that

,A.TP application resulEd in th€ highest value oftotal unsaturated farry*

acids (83.13%) and the least value of total saturated ones (16.83%).
'Ihis $as follo!\ed bt Plosphorcin treatmenl .wilh 79.6yo and 19.1'70/",

Table (9)r Effect of bio-and chemicat phosphorus fertiliZ,ation od fatty acid

fraction in the frred oil of L. seeds.

Treatmelrt
Comporents Y.

Confol
0

A" T. P.
(s0 ppm)

Phosphoreitr s. P.
(200)

Caproic C6r0
CaDrylic C8:0 0.22 0.is
Capric Cl0i 0 0.45 0.i4 0.2s

Lauric C12:0 0.59

Mvristic Cl4:0 0.15

Palmitic C 16,0 33.72 10.7 15.19 r 6.23

Palmitoleic Cl6r0 1.25

Oleic Cl8: I 9.08 16. r3 t1.80 15.56

Linoleic C18:2 28_21 36.-14 15.90 34.24

5'Linolenic C18: i ].30 2_:.18 2t _90 19.14

Linolenic Cl8j j 0.12 0.68 0.41

Arachidic C20: 0 12.38 4.13 4.58 5.48

,icosan-12- C20:l 2.84 2_15

Behenic A2:0 t L79 1_64 L88

Total ide.tified 98.:19 99.96 99.37 98.00

Toial unsaturrted (fU) 38.71 81.13 79.60 73.81

Total saturated (TS) 59.68 16.83 19.11 24.t9

TU /TS 0.65 4.94 1.0i 3.05
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respectivei), compared \ ith ihe control lvhich r€corded 38 71% and

59.68%, respectivel)''.
Finalll_. all irealnents used had a uarkcd increasing effect on the

ralio of TU/IS *hich ranged tiom 4.94% at ATP foliar spmying

treatmen! to l.05oi a! S. P. (100)- compared to the control $ ith 0.65%.

These results are in agreemcni $hh those obtained by lalaat and

Youssef (1998) on lhe fati] acid constituent of-Bo/4go ofrcindlis oi)

se€ds: l sevcgsuren alld.Ail7etmuller (1996) on the seed oils from other

Boraginaceae geneft ie.. Anblvon$ i'epes,,'ir seedsl Baljieet erd1.,

(19961 on seed of Guizotia o6-rltiir,.d piants; and llurtubise ,r1al

(199)) ar Lemna minar.eeds.

Recommcndations
From these results, it may be noticed that the Srowth characters.

seed yield per planr. fixed oil production and fatt-v acid componeflts of
Borago officinallis plant Srown in Ee}!l- can be inrproved by lhe

application ofsome efttctive, safe and of low cost treatrncnts. i.s.' llio
nitrogen fcrtilizatioD (Nibrobejn), Biophosphorus fertilii.ation
(Phosphorein), and physiological Phosphorus source(Adenosine-Iri-
Phosphate). Thcse ffeatments could b€ recommended for increasing

the produoiivi$ ot'Borago plarts under the conditions ofthis work.
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