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ABSTRAET

filo expeniments were undertaken on the Exper. Field
on tomato cv. U.e. 97-3 at Fac. Agric. Moshtohor. Zagazig
Univ. in winter season of 1987/L988 and 1988,/1989 to study
the effect of three different levels of P and K fertilizers
in cornbl,nation with seven seed-cold treatments on plant
growth and ehemieal 'composition of plant foliage. Obtained
results revealed that keeplng tomato seeds at -3oC for
24 hours .showed the highest vegetative growth as well as
Nr P and K content of tomato plant foliage when combined
with the second used level of fertill.zers (99 kg N + 48
kg P2os + 48 kg. K2o/fad..l .

Ilowever, redueirg, non-redueLng and total sugars content
in plant foliage were at their highest values in plants
ferti.lized with the same level of fertilizers and the
seed-cokl treatrnent of -loC for 24 or L2 hours

TNTRODUETIOil

Tomato (lveopgrslco-n escuLentpm, Mill) is considered
as one of the most impcrtant vegetable crops from which
165826 Fad, dr€ grown in Egypt in the winter season of
1988. Many faetors affected tomato plant growth and chernical
composition of plant fcliager €specially when tomato is
grown under short season conditions in winter.

Among the pathways followed for 'improving tomato plant
growth and increasing the chemical constituents of tomato
plant foliage to be in a hardened state, were the seed
cold treatment within PK soil application. ft has been
reported by maiy investigators wortcing on different vegetable
crops that exposing plant organs to 1o\ temperature helps
plants afterwards to endure frost injur)', (Belousova, 1972
& 1973; Abdalla et. al.r 1983 on €ome Jolanacious crops
and Zaki et 4., J9Az? Shafshak 1987 and Eid et a1., 1988
on some legume crops. '.
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The favourable, effect of pK applicat-ion on the veqeta-
tive growth of tomato plant has been indieated by Gupita
& shukla (L977It El-sawah, (19s1); El-Beheidi g! al., (1988)
and El-Sawy ( 198I ) on tomato and Farag ( l tg-4 ) on sweet
pepper.

The . promising effect of the interaction between
seed-cold treatment and the . fertilization level on theplants vegetative growth has been reported by zurawlcz
and Stushnoff (L977 ) on strawberry and Eid et al., (1999)
on broad beano

The seed-cold treatment had a farrourable influence
on the chernical constituents of plant foliage (Abdalla
g! al.r 1983 on sweet pepper and Eid et al., l98B on broad
be3n) as regaqd to N, P and K; r,edov'skii and Bondarenko(1974) working oD tomato and pollock and rloyd (19g?),
on pea as regard to reducing, non-reducing and total sugars,

PhosF.,hatic and potassic f ertilizers levels had a
pronouneed effect. on N, P and K contents in plant foliage(El--sawah, 19et and El-Beheidi e-t 4., lggg both working
on tomato anc Farag, 1984 on "*r.F p6per ) as welJ- as . redu-
cingl norr reducing and total sugars (Farag, l9g4 on sweet
pepper ) .

The combined effect .of seecl cold treatment wrthin
PK fertilization had the most pronounced influence on themineral eontent of N, P and K in plarrt fotiage ( zurawicz
& stushnoff , Lg77 on strawber{y " arrd Eid et dl., lggg onbroad bean ) Fs well as recucing non reeGiil and total
sugars (ieaov'skii. and Bondarentr,ol 7g74 workin! on tomato
and pollock and Lloyd 1987 on pea).

The aim of this investigation is to elueidate the
effect of seed cold treatment and pK soil application on
the vegetative growth and chemical composition of plant
foliage.

n|IRIALS AI|D IIE"EODS

Trro experiments were carried out at the Experimental
Farm of the Fac. of Agric., Moshtohor, Zagazig Univ. during
l'987/1989 and lg}g/Lggg winter seasons. seeds of tomatc,(Lvcgpe.rsicon e:gElqntunr Mi11. ) cV. u.c. 97-3 were soakedLn distilled witei - -fd' 4g hours before the exposure to
the used cold treatmqnts. Seeds were then sown in the nursery
on November Lst i987 and October 25th 1989.
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Transplanting took place on December 5!h and 9!h 1987

and 1988 respectively. Transplants were planted at 30 cm

apart on one side of ridges 100 cm wide'

The experinent included 2I treadments resulted from

combination of three different levels of phosphorus and

il;;;i; fertili zers (32 ke Pzgs + 36 kg 
Tzo /f ad ' ' 48

i.g Pzos + 48- kt t<-2o/fad,- "r,d 64- fg PZls + 
'?^[n -*zol.f^"d:l

and seven seed-cori treatments.(-1, J2-or -3oc for 12 or
24 hours beside the control ond). The nJ'trogen fertilizers
was added as a .fixed quantity at the rate of 99 kg N/fad'
for each of the previously mentioned levels of P and K

fertilizers.

Fertilizers were applied in the form of Ammonium nitrate
( 33,5t N ) r Calcium superphosphate ( 16 

"5t 
PZOS-) 

-and 
potassiurn

sulphate (48t K2O). 
- fertilizers were divided into three

"qo.f 
portions "ira then added at 3, 7 and 11 weeks after

transplanting.

A split plot design with four replicates was adopted'
The plot area was about L/380 faddan. other cultural prae-
tices were caffied out as comrnonly followed in the district'

The temperature degrees (oC) and relatLve humidity
( t ) prevailin-g at Kalubia governorat_9 at the growing seasona

of this work it" presented at the following table.

EX(PERTIIENTAL PROCBDT'RBS

l- Vegetative Grorth Characteristlcs:
At full blooming stage, four plants were randornly

taken fron each plot (about 80 days after transplanting)
;;;-;";"ing pran-t height , stem diameter, number of shoots

and leaves p.i plant i" well as recording fresh and dry
weight per Plant.

Chenical Conposiiton of Plant Poliage:
In the- digested dry matter of plant foliage' :""1

of total ,rittogJrr, phosphtrus and potassium were determined

and then their-uptaie "" 
mg,/plant was calculated' Reducing'

non-reducing and total sugars percentage were also deter-
mined. chJrnical analysis were caried out according to
the methods of pregl irgasl for N' I'{urphy and Riely (1962)

as nodified by ;ohn (1970) for P, Brown and Lilleland (1945)

for K and lticiel et g!. (1956) for sugars'
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All collected data were subjeeted to the statistical
analysis as menti.oned by Snedecor and Cochran (l-958).

RESULTS AITD DISCUSSTOIiI

l- Vegetative Groth:
Data presented in Table (1) show thatr all used

seed-cold treatments significantly increased different
studied tomato plant vegetative growth characters expressed
as plant height, , stem diameter, number of shoots and leaves
as well as fresh and dry welght per plant conpared with
control treatment.

Such daf-a clearly show that, seed-cold treatment at
either -1, -2 or -3"C for 24 hours showed the highest values
of different studied growth charcters Et. both successive
seaaons of this work. Obtained results may be due to that
such treatments promoted N, P and K uptake as shown in
Table (4).

lrlany investi.gators reported such favourable ef f ect
of exposing plant organs to low temperature. They attributed
this effect to that, exposure to low temperature may be
useful for hardening the plant against frost. This may
be, due to the increase in total sugars and soluble protein
in the cellular level (Ledov'skii and Bondarenko, I9741.
Moreover, Chenr and Li (L9741, suggested that during iold
acclimatization, higher abscisic acid (ABA) levels induce
synthesis of specific proteins which are responsible for
the increase of frost hardiness. Moreover, Levitt (1980),
found that exposure of plant leaves of tomato to low tempe-
rature may belp plants afterwards to endure frost injury
through the effect on the degree of stomatal aperture.

The reporteC results of this work are also in agreement
with those obtained by Belousova (19721, on egg plant;
Belousova (1973) on pepper; AbdaLla et al. (1983) on sweet
pepper; Zaki et el., (L982') on broad bean; Shafshak (1987 )
on pea and Eid et al., (1988 ) on broad bean. Ref ering
to the effect of different levels of phosphorus and potassium
fertilizers on tonato.plants vegetative growth' it is obvious
from data in Table (21 that medium used level (99 k9 N
+ 48 kg PZOS + 48 k9 K2O/fad.l of fertilizers enhanced
plant growht expressed as plant heightr stem diarneter,
number of shoots and leaves per plant as well as both of
fresh and dry weight per plant as compared with either
used low or high levels at both successive seasons of this
work. However, no significant difference could be detected



o
o

c

N
t.

a

N

A
o

r{

N
N

a

o

\oo
o

o

o
F{

a

F{

6
+t
o

a

o
a

g,
t

J

Annals of Agrics Scf r Moshtohor, Voli 28(4) , 1990

N$NrtNit
Fl$lF{$lr{N

F{A@oltOolONON(fo|cu?
alalaat

otncn$r{c?F1ronLnn(otn'o

oN!nNF4@1"
OF{t\$t@OO

aa.ataa
O$CoNONFtN(nN@{o\tt{t }ri ct rO $ rt st

OtOI.O€ONF{
tONF{Oto\O5r

aaaaaat
f.tootF{}4NOr+lot!'tolfitoi:

f\lO@roto@|4rOrtlnNNLnO
a a a a a a- a

OtF{rOdNF{c{
Fi F{ r{ r{ F{ r{

-r t r.t ltt ro rq €o|orfroNoN
aaaaaat

OF{F{F{AAF{

tn@@@F4NU1(\ttotfito@FtN
aoaaoa,

6.'n!n$14rO€DO$\t\t$-Tit

F{
o
L
rJr{NY}
5r I I

(J

oo
o|
Fl

b
@
o|
Fl

tr
o
o
o
oa

o|
14

a

f{)

N
rn

a

ro

l.
u')

a

A

ot\
a

o

@o
a

o

rO
f\

O

o

ffi
+t
60

,
o

a

o
a

J

rotJtl-{ONf'
F{t"!ot0Oidlo

a)aaatl

NroAtoroOlrtrorn1otn1oloo

ncooNNNAF6oF{toAo
aaaaaa'

-r(t)rflntoF{((}dt.OttntnAJtrltr.Ym*q<iq

!4N@t\fJ-Nlt)!4Fttrlrolf)to(o
riaalt'

GlN(\ltoOT@t\
\t)l.@tI,tOtO@

Gl@r{t!nrtlnoltol{ollo(\lt.n
.talaa'

aN{olro$ll.,
F{F{Flr{,Flr{ ?l

(DO112lotfl@a
SJroc$lclrt)

aaaa.aa
O F{ F{ F-l Fi Fl F{

ctct$ttnNto@
or6tnNtlrolltl

aaaaaaa
coIrotn!.1loqlqlir-gsigtg

F{
o
L
+r;.NrO
Strlo

N\tNTtN\t
F{NFIN'lN

@
@
o|
A

@
o|
Fl

c
o
o
o
{1,

247 A

Lt
-co).A ,)
o)c
E o^

-{ (f)
). Q-v
L
c]

c T

+-,

s.-c l,
o (')c
0, 'rl (U

LOrl
r.L 3 0-

tF Oo0ri,>c'ooC 0)-{
ZAa-

t{- O
ofs
.o (0

OS Fl
7q, a-

C)
lJ

EOaOEE}Joo
UJ.ri v

-ct

u
,u-Ca
c o)E
G .r{ C)
r{Ov
L_c

or
EO.r{ L
F-c

1)
c
0)

+.,
o
o
L
lJ

E
Fl
o
o
I-o
o
O
6

o
L
3
+t
G
LC)
oo
c-
ts
o
F

a

a
lJ

i
(U

d
o.

o
{J
c0

o
+t

q-
o

-c
$)
3
GL
LJ'

G)

.r{
I,J

+t

gt
o

c
o
+t
c
o
L'

o
o
iJ

r{
o
o
I'lt

0)
OJ

(0

$-
o
+J
c)
orl-
IIJ

..-l
r-l
-rl
ol
F{l
-ol(0l
FI



247L

ilrl
I."lrtolt .li*lilllrlrl
i,lt-rl
I ol
t()l!lrlrlrltlrlrolIro
id
I
I
I
I
I
I
I
lo
l.rc
I
I
I
I
I
I
I
tr\f
rCtt. -rO
I
I
I
I
t
i

lo
tsi
l.
rO
I
I
I
I
l
I
I
I
I
I
I
I
I
I

ls
I
l+,
t@
I

,l .
to
l.
l(/)l.
IJ

ro ol
f'. \O

ta
14 \Orop

(0@
NN

aa
FIol()o
9$

OAON
aa

F{N(c)lfl

GOlrt
Fl t-

aa
NF{
F{ F{

f.O
F{Ota
F{ F{

@F\
F{m

aa
tnn\t$

@N
$N

ot\tto

('|o|
('lgl

\t
lo

a

N
tn

(o
o|

a
()
ntt

o
@

o

r.)
ln

ln
@

a

Fl
Fl

@o
a

Fl

Flt
a

N*

rO
|.t

N
lo

o|
ol

o
@
or
F{

@
@
o|
Fl

c
o
a
ro
oa

rort
a

N

lt
to

a

rt

Io
a

o

@
tfl

3

o

oo
a

o|
fo

a

o

>9.-In^

+,
o

a

o
a

U'
a

J

Tomato plant groivth and chernical composition

A@f'Nros
ata

N(oCOsf\On

eOolF{
F{14N

aia
cooN
toN$l
l.) r{ st

(o@$l
Cll F{ t'}

aaa
l'\ f. !O
rO f\ l.

AtOA
i\i @ $l

ala
N$l$l
AF{A

5 i B
laa

roLnlost !t tt

!fF{$l
A C\l Fl

oaa

FI-.i.FI

ro @ a\l
!o sl t\

N@$
MlttO

g|o(n
ololo|

I
itl
tlg)l
-rt I
g&,^ I

=cct 
I

@v I
>.F{ |
LO- Io\ |

I
I
I
I
I

\l
PI

s.cv I
6 qf1 ( zr,l
odog)lg 6-1 vl
rL30- I

I
I
I
I

\l:E* iE
>c I ('l

.O@ I r{
ooF{ I \
zAo- I I\

lc0lo|
lF{

\l'i6,lc
O+r+, I Ooc I o.g1 G I tg
O-CFI I O
Zoo- I A

I
I
I

LI
ol+jl
O^ t

=EE 
I

ooo I
r -{s-, I
g)lf, |

I
I
I
I
I
I

Pl
lr.! a I
c otE I
Ct.rl () |
rlov I
o--c I

o

-!-
+r
3
o
L
c',

0)

'F{
tt
(!
l,
o(')
c)

c
o
6L
0)
N
.Fl
A
.A
P
L
o

e,
:t
.rl
0)
o
o
o
o-

c
o
o
L
o
CL
01
ot
o-

o
o
lra
or,Lc

o
ocL
+ro
o+,o6rr.E
q-O
II., *J

..{
NI
,l
F{l
-olol
Fl

L
lD
NO.rl N
r-l :4
.r{
+rA
L.
OT'r+- [n O

otlr+- $l \
OO-ot \,
tDv
Fl
0

oJZ



;e
tf,

,t
o

(]
(f,

J

247 2 Annals of Agricg sc! I Moshtohor, vo13 28(41, 1990

;;;;It1
3 I iSSiaH rtl-.{or-u)n,c{ .',oL1Ft"oo o^rr-'NoJr\^ it I

El Fil;',.i ..;;;oo; --s;;;sp ssnusiqi,riEl I lf,;[Hg${tl;;;ib'r'r'q;qqsi I

; lslH"::'Iui;;;* ; i;;;; ;;;*; i i: I

ilE|iii;:r, l 
*;];il; ;;;;61 ;;;;!;t i :

i liltir*t'"'l =*:::r: 
r:::::: t:::::: i :

il" itiiii' i ;;;;{;; n!;{{id ;;aii;; i :
i

i i lr?#:'rj *;;;;; ;;;;iig d;d* ;; i :
j I lsgfan.zloroN*r.cu r. G\rs{o.,.,,c,r\\ q..olN.oi'. i 'n

E I l-::-:;',iilf ;s33* $i*s*si rsiriq$$ ii
; i ii3-"!lr'i *o*r. .oN t'.' t"'NN til.,Fr" .,N-c'*' o oo ! n'

: ia l;i:;;"'!;;i[;;F ielssrsh uRdsrtid id
; lilfg;"t5rit,.'*s'oot\ Nr'.,.",t',,-o. o.\to.?'t* i *
i lgl;i#;"'i;IH;II ii;i***s errlr:ii i i

i

i i; Iti:fii,"'l ::::::: ::::::: t:::::r: i :

t f Fi'*r. l ;u;un ;;;i{;a ;n?{d;; i :
'i ,'., I i
gl 5 5li N!NLNs. Ns.N:.or.r r:inr-:'ns.i
El :*tl 

}I.il;il:n ;*;N;cit r'Nr{*'-"'i

si t I i

:l ;r l. r d iIl :i ir i E i
61 3 I ., I b-. * '.! l^ N on l+ N Fr i
il i d;- ic-i r i c'i -i I cr I t 

ibl Es ls 8 d i€l GJ O t I
cl ui F I t;t I i

ll r:l ho. ls s R i
,,1 J:a I Iul rl I rof d ^l o r:l i dl !r
'l g^",rtl. a in
.. 1 -_o'\lor 

? S rr.+, I r+- -Af c;rln r? r&' r,.nl oo- -xl t

-rl -l i,
"ll '9 i

-rn o i l,il! a_ l- B s !.r:ll J z f or. (



N
r{

a

o

No
a

o

t\o
o

o

N
N

a

tn
N
F{

N
ln

a

F{
N

N
ro

a

N
o
FI

ffi
|,
o

a

o
a

a
o

J

2473

NNolNTO(o(n
OOottocoNA

aoaaaat

o\t$r.oF{oto
F{ F{ F{ F{ Fl

@ol.rloo|Ntn(IlN{oAln@ol
aaaaaaa

F{\t$ttqNN

!lN\f$Jro\trfo@!olr|N$N
aaoa.aa

t\OIOo.t@roN
F{

m\lNrO14rtFt
t. A O Al N Ol N()oNol|4No|
F{NNFtNNF{

tttoF{OF{t{lt
tOtoONF{NN
i4ttcstlnlf)n

r.tFrst@\tOOr
NNNNT\cotO(IrO@A-l.IO
NFTNF{NNN

NrfNrtNtt
F{NFINFIN

Fl
o
L
+,F{.N!.)

5r r r

o

oro('l

@
@o

c
o
@
o
0,
CI'

@o
a

o

o
d

a

No

n
a

o

too
a

o

(n
LN

a

o}

l'.
lrl

a

a
@

6
+,
o

a

o
a

(t,
a

Tomato plant grohrth and chemical composition

cttNtot!t
Fl$lF{NFIN

rorI,('fooo@f'.$lortn@orF{
aaaaaaa

olntn'tfNorF.l
FIF{FIall-{

oro$('lfororoO$N;.NotN
aaaaa.a

$ltttt1r1Nro
!r

tOFtU.}F{NtoNN@Nr.tOOo|
aaaaoaa

NA-l OOTNT\
Ar{Fl

@o@ol(rtot\rtt@OF{OONf.aroosrto
FINOI$INNN

9$lOrtol'tH@
9@-<roNtoO!it{rt$tOtr}ro

re!rr(I|AFl(C}tO
OclNFlt\rC$
Ft(ltF{o|N}Ot
NF{N'-t$lN(\l

A
o
+tFlNlO

5r r r

et

@
@('|
A
t\
@
o|
F{

lE
o
(t,
o
og,

*,
.L
o,
.r{
c)
3

L
T'
qt

oo
Fl

o)

LI
otg)t
:tl
ol

6
-1 L
GO
l-, Cilo:)Fo

(')
c

?{

ot:tc!too
ZL

c'l
.r{ Loo
f (tt
10J
&o

ts:
.r{
G'
o
o
+,
o
o-

o
:t
c

.L
o.
o
oc
TL

+t
c
o

F{g

ct)
E

c
(D
('l

F{OoL
i.P
O '.1Fc

a
L

l--

(J
c

POcE
O .Fl
EF

,TJ

o
o
L
,t o)

L
tf
F{|Joo
(JL
lo.tt o-
oE0ros)F

a

c)g)
o
'rl
el
o

+J
c
o
o-

o
P
o
o

o
c
o
.r{
*t
..{
o
o
o-

6
()

c0
C'.rl

o
o
c
o

c,

+t
G'
o
L

LJ

o
(}
t

o
o
g,

o
tt
()
o

ra-

UJ

..tJ
.+l

,l
-{l-ol(ol
Fl



247 4 Annars of Agricl sc?, lloshtohor, vol! 29 (41 , 1990

with number of shoots during the second season of growth.

Such results nay be explained on the bases that the
soil of the Experimental farm has enough content of N,
P and K minerals as shown previously of this work that
hiqh used 1evel of fertilizets was uneffective.

Many investigators found similar trend where medium
used level of macronutrients resulted in the highest plar't
growth' alnong thern, Gupta and Shukla (I977li El-Sawah (19S1);
El-Behejdi et al., i1988) and El-Sawy (1988 i on tomato
and Farag (1984) on snreet pepper

With regard to the effect of interaction between both
of ttie two main factorsr ,it is evident frorn data in Table
( 3.) that seeond use.i level of fertilizers (gg kg N + 48
kg PZO5 + 48 kg K2O7fad.) combined wi.th seecl-eold treatment
at -1, -2 or -3oC for 24 hrs. repulted in the highest values

, of ' dif ferent studied '.zegetatibe growth' characteristics.
Hort'evetr, dif ferenees between such va lues did not reach

, the l-evel of signif icancy in some characters i. e. pl-antIheight and stern dianeter whileas variances were statistieally
signif icant for number of leaves, f resh wieght per pJ"ant
at both growing seasons of this work

obtained results are in confirrnity with those reported
by Zurawicz and -qtushnof f (.1977 ) on strawberry who menticned
that K spray and complete ferti.lizers soil application
at enough rates resulted in giving plante more resistance
to cold injury and prornoted plant growth.

lloleorrer, Eid e-t al. ( 1988 ) , working on broad bean
showed that exposing seeds to low degree of temperature
(5"C for 7 daysi with phosphorus soil application at 16
or 32 kg P2o5/fad. had the most pronouncing effect on plant
growth characteristics.

Generalllr, it may be concluded that exposing tomato
seecs after soaking j.n distilled water for 4B hours to
low ternperature ( -1. to -3 "C ) for 24 hours and using a
complete fertilizer containing 99, 48 and 48 kg/fad. of
each of N, Pzos and K2o respectively' resulted in plants
of the highest vilues of different studied growth characte-
ristics

2- Chemical eonposition of Plant Foliage:
Data in Table (4) show clearly that mcst of the used

seed-cold treatments significantly increased total nitrogen,
phosphorus and potassiunn contents of plant foliage than
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that. of the control one at both gowing seasons of I987/LgAg
and 1988,/1989.

Treatments which showed the highest values of N and
P content in tomato plants lrere -3oC for 24 hours followed
by that at -3oC for I22 hrs or -2"c for 24 hrs. However,
treatrnent of -2oc for 24 hours and that of -3oc for 12
hours showed the highest K content in plant foliage,

Obtained results are in confirmity with those mentioned
by Abdalla et al. (1983) on sweet pepper and Eid et il.,
(198e) on broad beap.

These results may be explained on the base that treat-
ments ahoweC the highest plant vegetative growth expressed
as fresh and dry weight per plant F2 or -3 oC for 24 hours )

were the same that resulted in the highest values of N'
P and K content. This may be attributed to that such plant
chemieal constituents are calculated as plant uptake
(rnglplant). That is why N, 'P and K content are positively
related with plant growth

With regard to the effeet of seed-cold treatment on
reducing, non reducing and total sugars content of plant
foliage, it is evident from data presented in Table (4)
that most of the used seed-eold treatments had an enhancing
effect in compari.eon iith controL treatment in this respect.
Treatarents which showed the highest values in this respeet
were those of -1"C for 24 hours followed by that for 12
hours.

Similar results were obtained by Pollock and Lloyd
(L987), who reported that exposing pea plants to low tempe-
rature (5"C for 6 hours) produced higher content of carbo-
hydrates in leaves. Ledov'skii and Bondarenko (I97 4') ,
indicated that plant exposure to low ternperature may be
useful for hardening the plant against frost. They attributed
this to the increase in total sugars and soluble protein
in the celluIar 1evef.

WIth regard to the effect of rate of phosphatic and
potassic fertilizers on chenical constituents of tomato
plants foliage, data concerned with total nitrogen,
phosphorus and potassium as well as reducingr non-reducing
and total sugars of plant foliage are presented in ?able
(5). Such Cata show clearly that increasing. fertilizers
1evel significantly increased the values of different studied
constituents of plant foliage up to the highest used one
(99 kg N + 64 kg.P2OS + 72 kg K2O/fad.l which had the most
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pronounced effect in this respect at both winter seasons
tf IggT/Lgeg and L988/L989. Howeverr Do significant diffe-
rences between the 2nd and 3rd levels could be detecLed
regarding the total nitrogen content at both seasons of
growth,

These results may be explained on the base that treat-
ments showed the lowest plant growth expressed as fresh
and dry weight per plant were those received the lowest
fertilizers level (fable 21, which also resulted in plants
of the lowest mineral and sugars eontent of plant. Eo$teV€lr
p1ants fertillzed with the highest used leve1 of fertilizers'
which were of rnedium fresh and dry weight (table 2l , were
those containing the highest minerals and sugars content.
Such f indi-ngs show clearly and may be due to the balance
between growth and plant uptake of Nr P and K as well as
sugars percentage.

With regard to the effect of interaction between
seed-cold treatment and fertiliaation rate of phosphorus
and potassiumr it is evident from data in Table (5) that
third used leve1 of fertilizers ( 99 kg N + 64 kg PzOs +

72 kg X2l/fad.) combined with seed-cold treatment at -3oC
for 24 -hours followed by -2"e for 24 hours resulted in
the highest values of N arid P contents i.n plants foliage '
Ilowever, treatment of third used 1evel of fertilizers
combined with seed-cold exposure at -2oC for 24 hours and
that of -loC for 24 hours showed the highest K content
in plant foliage.

Sinilar results were obtained by Zurawiez and Stushnoff
(Lg77) on strawberry where they reported that N' P and

K contents of vegetative plant parts were increased as

a result of exposing plants to -2.2oC for the tender plants
and received 1:1:1 or 1:2:1 ratigs of NPK fertilizers'
They also found thatr N:P:K ratio is more important than
the level of any individual element.

Moreover, Eid et al. (1988)r on broad bean showed

thatr nitrogen and phosphorus at 33.5 kg N,/f ad. and t5
or 32 kg P2}5/fad. as well as seed vernalization for one
week at sot -were the most effeetlve treatment on plant
foliage mineral eontents of N' P and K.

Concerning the effect of interaction between both
of the two main used factors on reducing, non-reducing
and total sugars content of plant foliager'it is evident
that the highest used level of fertilizers (99 kg N + 64

kg pZOS + 72 kg K2e/fad.l combined with seed-cold treatment
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at -loC for 24 or L2 hours showed signiftcant increments
in this respect. These incrmenets were obvious at both
growi-ng seasons of 7987/L988 and lg88/L989,

Obtained results are in agreement with those obtained
by ledov'skii and Bondarenko (I974) on tomato and Pollock
and Llyd (1987) on pea.
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