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TRIALS FOR IMPROVING GROWTH AND PRODUCTIVITY
OF TOMATO (Lycopersicon esculentum, Mill.) PLANTS
GROWN IN WINTER SEASON.
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ABSTRACT

Geowth of tomato plants ¢v. Castel-RocK grown in wirier 868500 under open
feld condtions during 200405 0nd 200505 growing se336n3 was positvely alfecied
by applicaton of borcn and zinc each at 50 & 100 ppm, caloum and phosphonus al

250 and S00 ppm fof 03¢ . Singa, sgrficant increase of slem fength , rLmder of

branches and feaves fplant, Lotal leal aied, fresh and cry weights of Both stemis and
learvts Was 0xisied, However, a signifcant recuction in the assimialion rate was
obtained with all appied teatmanls ,

The two appled concenirations of 3ch elkements paraly increased
photosymihetic pigments, rinerals (N, P, X.Ca and Mg), sugdrs, carbalrydrales 3nd
peotein cancentrations in leaves when compared wih those of uniredted plants ,

The cttained vigoeous growth of tomata with differest applcd reatments was
accompanied by an cbwvicus aleration in many aiomcal feadres of leaves, Here, all
200508 eaments incroased lamina thickness and #s compaising lissues, i, upper
and tower epidenris, palisade and spongy tissues. Bosides, thickness of midrd,
amensicns of vascular bundie and thickness ¢f phicem and xylern tissuos were also
rerented,

Moreower, the applied clemart Yrealments caused oaddingss of fower
anthesis and also increased the number of Nowers, percentage of fnat sening, rumber
ond weight of fits fplant. The Hghest wes! frat yeld was cblained with Ca at 500
ppm folowed by Zn & 100 ppm ten B at 100 ppen and Pat 5300 ppm, respectvely.
Meanwhile, chemical composicn a3 Mnerals, sugars, carbotyydrates, vilamin C and
1013] scluble $05ds in tomato fruits wode 3l30 ingzoased, Therefore, the presert study
sitrsly recommand the use of such nutrient elements Hdt 0aly 10 improve grawth but
also %0 increass sardivess g lotal fomata production specally i winler 323300 1O
gvoide al cautions aboul insedting greanhousos in agrculiral system.

INTRODUCTION

A wide gap N 1malo praduction occurs In speing and eady summer
£23300s every year in Egypl . This drep in productivay is inked to prevaiing
of unconducive ¢okl lemperatyre during December | Januacy and Februacy ,
besides frost waves, which occur aimest annually  during such cold season,
severe damage of wegetative growth and podr fnut st were tha  resuliant
case .

Il had been reporied thal lomaloes injured when cxposed o
ronfreezing low temperature  below 12°C (Saitved and Mormis, 1990). Also,
under kcal condions similar Ndings about the adverse elfects of natural
chilling stress (winter and early speing seascasion growth, fiowering and
yielding of tomatoes were oblained by Soliman (1982) .

Once again tomaloes and other cold sensitive plants undergoing
soveral adverse physiclogical events, ateraticns and disturbances, afl of
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thesa are linked to ihe dramatcally restricted growth and fruitng during

¢hi siress .
e Among such disturbances, adversé changes in structural and

biochemical properties of photosynthelic and  respiratory  Systems

. {Macjejwska of af, 1984). Mcst of the basically ATP generating palhways,

i, pheraphasphorylation, aheciysis, TC-cycle and oxidative phosphorylation
are restrcted (Ortz, 1991). Reduction in growth and protein synthesis,
ceplelion in cambonydrale resenes, sever decrease in phosphorus uptake
and ATP synthesis as well as accumulalica of free foxc NH, lead to moce
axperditure of ATP in sequestenng NH, intd new nilregen “containing
compounds {Rate and Lovatt, 1985), Meanwhile, high cemand for ATP =
actually Rulfiled during the first few days of growth at low temperavre
(Scbezyk and Kacperska, 1378). Such demand shoukd e very clear and
argenl in plants of very limied chiling {tlerance capacity as tomalces and
cucumber (Sobczyk ef al, 1985). Also, coid stress induces high levels of
endagensus eshylene led 1o more stress injunous effect ( Wang, 1987),

Recently groups of subsiances known s antiaxidants of oxygen free
radical scavengers were cxogenously applied 1o protect against adverse
effects of envircnmental oxidatve siress, such as Cilne acid, assorbate,
glutathiona, some mincral elements {Zn 3Ca} and vitamins ( Fathy ef af,
2003, Fathy and khedr,2005 and Wanas. 2006 } . In this respect boron is
important in enargy storage of structural integrity fuactons including sugar
transpor, cell wal synthesis,ignification and cell wall structure; cartohydrate,
144 and phenol metabaolism and respiration (Shelp, 1993 and Bondok, 1956).

Also, zac plays as a functional, catalysic (Valiee and Auid, 1950) ard
siructural role in enzyme reactions (Utsusmiya and Muto, 1993) . In this
raspect the role of zine @ prolein molecules spec:aly the regulaticn of gere
expression was investigated (Celeman, 1952). In adddion, maay 2ine-
dependent enzymes are ivedved in carbehydrate metadolism {Kitagishi and
Obata, 1536} as wel 35 s essential role i awms and fs precursce
iryploghan bicsynthess (Dominage el al, 1592} Beskde its requirement foe
maintgnance of inlegrdy of bicmembranes, (Pinton at al, 1933). Moreover,
znc plays a key rolke in contrelling (scavenging) both generation and
delowfication ¢f free oxygen radicals, in which that lead to polentially
preventabon of ther adverse consequences, ie. damaging of membrane
lipds, phete-coadation in chiceoplasts, dishwbances clectron transpert in
mitochandria, eleclrclyle leakage Ireen vacucles and distruetion of prolein
synthesis in ribosomes ( Marschaer, 1935 and Mekerise ot a), 1696).

As for calcium, in recant years, it has attracted much inlerest in plant
physiology and malecular biclogy because of nis function as a sec0nd
messenger In the signal conducticn between emviconmental factars (such as
low 1emperature) and plant responses in 1ems of growth and development
This function ¢f calcium is causally related 1o s stict companmentation 3!
the cellviar level (Marschner, 1595 and Sanders et al., 2002} .

With regard to phosphorus, # is essentialy required for ATP
synthesis , Also, it was reparied that all of the active processes inclucing
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synthesis of bio-consttuents, mneral uptake |, lranskecation and relention
dependent on ATP supply (Mengel and Kickby , 1582} .

Thecefoce, present study aimed to amelicrate the adverse affacts of
low lemperatuca on lomalo plants during ¢oid s2ason and 1o improve their
grorth, minimize flower abscission and increase fruit setting, yield and quality
as well by using some mineral nutients as boron |, zine, calkcium and
phospharus. That, in tyurn, cculd be minimized the high costs of production,
therey make of lomalo fruts cheap during this penod and o awvoid all
cautions (regarding beth environment and human consumpton) for inserting
greenhousa production in the agricullure sysiam frem the anather.

MATERIALS AND METHODS

Two fiedd experiments were conducted al the Experimental Farm of
the Agricuilural Betany Depariment Faculty of Agrcuture at Moshtohor,
Benha University, Egypl duning two successive winler seasons of 200405
and 200806 . Tomato (Lycogersicon ascuwentum, Mil) cultivar CasletRock
(that known o be cullivated in Egypt in warm seasons) was laken as a
betanical material in this work . Seeds weve secured from the Egyptan
Agrcultural Res, Center, Mirsstry of Agric ., ARE.

This weck was performed in ceder to impeove grewth of tomato urder
natural cold conditions using some nutnent elements |, te., boron |, Zng,
calcum and phosphorus. Leal anatomy , fruit settng a3 well as yiald and fruil
Quaity of tomato plants ware also studied.

Treatiments were as fol -

1.0istlied waler as conlrol reaiment .

2-8aren {8) at concentrabions of S0100 ppm @ form of bevie acid (16% B),

3-Zinc{Zn)jal concentrations of SOE100 ppm in form of celealed zing(14% 2Zn)

42;:3;? (Ca) a1 concenlraticas of 250 & 500 ppm in form of cakium-citrate
{ a).

S-Phosphorus (P) at ecncentrations of 250 & 500 ppm in form of H,PO; (31.5
%P).

The assinged nulnent elements and their levels as well a5 distited
waler were apphed as seed-scaung 1or 6 hours and as follar speay at 25 and
50 days arer transplanling.

The pre-sowing treated seeds were sown in foam trays filled with
peal mass + vermiculate (1:2vv) and ennched with nutnents. Tomato
seedings aged 35 cays (le. al 1" January in both seasons) were
transplanted in open Hald a1 30 em apan ¢n one side of rdge (3.5 m lkength
and 80 am width) with 3 ridges per caperimental piot {10.5m° area). The
experiment was performed as a randomized complete = block design systam
with 3 repicales. In both seasons, the nomnal agrcufural practices of
Qrowing tlomalo were foliawed up 3s recommended.

Sampling date and collecting data -
I- Vegetative grawth characters :

Six planis were randomly chosen form each teatment at 75 days
after ransplanting in both seasons o estimale growth parameters as slem
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th {cm), number of branches/plant, stems fresh and dry weight (g)plant,
mbeE of {er-esrplan: as wel as leaves fresh and dry weight (ghplant.
T Tolal keaf aea (cm’Vpiant was also delermined using the disk
method as descrbed by Derieux at al, (1973) and the assmilatbon ralp was
calculated using the equaton of Wareing and Philips (1981).

Total leaf area (em'} ] plant

Assimilation rato {(A.R.) =
Total af dey weight (@)fplant
|I- Photosynthetic pigmants ; -
Clrlompth.gb and carotencids were detemnined in tamato keaves at
75 days aker transplantng in bolh seasons according o the
cescribed by Inskeep and Bloom [1535), .

tll- Chemlcal constituent in the leaves:

Sampie of tomalo leaves at 75 days after transplantng were taken to
determine total carbohydrates (Dubcis el af, 1856), tctal and reducing
sugars (Thomas and Dulcher, 1524), tota! nitrogen (Homeck and Milier,
1993), phosphorus (Sandell, 1850), palassum (Hormeck and Hanson, 1598)
and calsum and magnesium (Jacksen, 1987) . Also, crude protein was
ca'culated accordng 1 AO.AC. (1590) using the following equaton :

Crude protein = total nitrogen X 6,25
V- Anatomical study ;

Accecting to the wide differences in the marphelogical characters
due to the trealments used, a comparative anatomical stxdies on leaves of
treated plants compared with those cf the contiol  were microscopitaly
examined, also, al 75 days after ransplanting,

Specimens of ieaves (1om’) wera 3ken from the middle past of the
terminal leaflet blade of the 4™ apical leal en the man stem . The specimens
were then kiled and fxad foe at least 48 hours in F. AL A <olution, (10 mi
formalin ; § mi gcial acetic acid : 85 mi ethyl alcohol 70% ) washed in 50%
el aicohol, dehydrated in seres ¢f ellyd alcohols (70, 90, 95 and 100%),
irfizrated in xyfene, embecded in paraffn wax of a3 meng point €0-63°C
(Sass, 1950), secticaed 31 20 5 using a rolary microiome, double stained with
tast green and sa‘ranin (Johanson, 1340), cleared in xylene and maounted in
Canda talsam . The prepared seclicns were microscopicaly examined .
Ceunts and measurements (1} were taken using a micremeter oye picca .
Averages of readings from 4 secticns/realment were caloutated .
V-Flowering and yield characlers

Six planis per each treatments were randomly chosen, labeled and
the following data were recorded |
(a) Start of fiower anthesis (days) : Expreseed as num ssed

freen transplanting till the first flower anthesis. bt il
(&) Eaﬂsim?f flowss anihesis (days) : Expressed a5 number of days that
pas tween the first flower anthesis in is
of first fower in control treatment AR S g
(c) Total number of fower/piant,
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(0) Fruts selting percentdge | It was caltuldied accordng 1o the iciowng
equatien !

No. of frui t
0. of Fruits'plan X 160

No. of flowors/plant
{e) Total number of fruits’plant
() Tezal yield (kg)plant .
(g) Relavve 1otal yold (il was caleuiatad a3 % of contrel réatment,

V1. Chemical constituent In the fruits:

Sample of M marketabls sized picked fruits were taken 1o
Cotermmne lolal casbohydrates (Oudbcis of &1, 1655), 102l and reducing sujars
(Thomas and ODuicher, 1824), iotal ntrogen (Hornesk and Miler, 1938),
phosphorus (Sandel, 1850), potassum (Memeck and Hanson, 1953) and
calcium and magresium (Jackson, 1967) . Also, crude peotein was caleulated
according o A.O A.C. (1280) using the folawing equaton :

Crude pretain = total ntrogen X 6.25

[n additicn , in fresh fruits, a hand reforacicometer and the methad of
AOAC. {1990) were utad fo¢ the 1053l soluble solds (1.5 5 ) and vzamin C
determinalions, respacively .

Vi- Statistical analysis :.

Data ¢f vegelatve growth, fowerng and yield characlenistics were
sutiected 1o stalistical analysis according to Snedeser and Cochran (1580}
using LS.0. tes! a1 0.05 level

RESULTS AND DISCUSSION

I+ Geowth behaviour of tomato plants :«

Data itustrated in Tobla (1} clearty show Ihat diferent ¢stimated
growth parameters of tomalo slems (lenglh, tranches number, fresh and dry
weights J plants) and leaves (number, fresh and dry weights and total Jeaf
area / plant} were sgnificanly increased with al appled rutrent elemonts
compared with those of uiireated planls during the o growing seasons
Ircreases were more obvicus with Zn foliowed By Ca then B, while P ranked
the st in this respect Al30, increases were In paradel to Ihe applied
concentrations of each clement

Increment of beanches number i€ of greal importance, sinca il could
be Lter accompanied with a0 ingrease in formed and yelded fruts. Also,
Inzreasing the number of leaves is of great interest because ther reflecten
upen the findl pholosyrhete ared, therely the net assimilates that coud te
directed to the developing fruits,

In acditicn, the eakculaled assimiation ralo (leaf area in em? required
fee preducing one gram of Gry matter) may be suppont the previeusly
mentoned data abot vigorous growth of tomato plants 23 a¥eciad by the
applied nutrient elements. Sinde, SHNECANT reducten 0 tis paramelers was
exisied with af appied teatments compared with the control one. That could
be considered an evidence 1o increase the efficiancy of phalosynthesis and
ols0 synthesze more assimiaies per each uni of ieaf area, honce kigh rate
of their ranslocation specaly towards sink sites (formed fruits) |
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ffoct of some nutrient elemants on growth bahaviour of

Table (1}: E ts at 75 days after (ransplanting during 2004/ 0

tomato plan
and 20057 06 scasons.
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The resuit presented may be indicat that such tomaso cultivar

{Castel-Rock) had less genetic and / of physiological and biochemical
potential for cold tolerance . Such cold sensitivity to some extend allered by
application ¢f different assigned nutient alements. Regarcing, he slimulatory
affect of sueh nulnent elements ca vogetalive growth characters, it was
estabiished that becon (B) plays an indispensabie functions in energy,
cadehydrates, LAA and phencis metabolsm as well 8s sugar transpor and
cell wall synibesis {Shelp, 1993 and Bondek, 1996) . Also, zing (2n), l was
kngan 1o eveive an enhancabie roles associated with the whole growth
actyities, partcuiary during grevailing ¢f the climalic and soil streses , In
acditicn, Zn aclivates auxin and GA, synthesis, cell divisien and enlargemen
(Alphcase, 1895 and Seximoio of 8/,1597) , enhances synthesis and
transiocation of aming acids and sugars (Calenak and Marchner, 1988 a and
Cakmak ot al, 1989). Fruthermere, 2 dispiays an antoxidantal and gene
regulatory functicns against envireamental siress conditions {Cakmak and
Marschner, 1588 b & ¢] Mearwhie, cakcium (Ca) has a growth enhancabla
functons, Le., activation of cell division an enlargement , synthess and
transiocation of bioassimilates which depleled and lacking under stresséul
conditions (Pereira and Melk, 2002), Also, Ca induces an active and blanced
hermonal s1atus of higher LAA and GAS levels vs lowear ABA and othy’ene
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within different plant organs (Ferguson , 19€8) Besides, it plays a defensive,
pratectiva rola aganst adverse elfect of low lamperalura via its antioxidantal
and gena reguialory functicas (Clayton of af,, 1953 and Sanders el al, 2002).

For phesphorus(P), it Is known 1o Be involve in synthesis of ATP the
main and unique energy censtiuent in plant lissues as well as in formaticn of
RNA and phospholipids . HMence, by virtue of that P directly énhances and
coatrols many biosynthesis processes, e.g., cadohydrates and sugars
formation, nucleic acics, enzymes and hoemones (Yelenosky, 1585) . Such
tiosenslituents ard metabolic changes suggested to be tghtly associated
with ¢o'd acclimaton changes and ccid tolerance status. Supportng this
interpretation ceuld be the suggestion of Tachibana (1987) that P uplake =
one of the key processes inhdited by lower sod temperatures.

Therelore, alowing seeds % imbibe the applied 8, Zn, Ca and P
selutions then spraying seedlings growing up with the same solubons could
presdde and being favowing candiidns 10 altain such vigorous growth that
was achieved ,

Il Photosynthetic pigments In tomato leaves :

Da%a in Table (2) reved! Lhat curing the two assigned seasons, al
applicd elements a4 their two used concentrations considerably increasad the
laa! content of chioropinils (8 & b) and caralencids. Increasas were also in
paralel to the appled concentations of each eloment Alse, the highest
values of chicrophydl 3, b and carclencids were cblained wih Zn loTowed by
Ca and P, yel, B shawed the lawest merement in LS respect.

Table (2): Effect of somo nutrient elements on photosyathatic pigments
concentration (mg/gm fwt) in tomato leaves at 75 day after
transplanting during 2004/05 and 2005 f 06 scasons.

Charactors *Chi. ™ Caol, Chl, [3+3] »
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i latory effect of Zn and Ca on photo :
m&“é‘ﬁ'&%“.‘d&“‘% :Wexf acticn as antiowdants, in mnhm
W&MMWN&“MMMM
wmawmmmwmawmm
under stresstul condbions (Brown el al,, 1953 and Sanders et al, 2002) ,

1l Minerals and bloconstifuents In tlomato feaves :

As shawn in Todle (3) ctferent appled nulrient elements cbviously

Pereased NPXK Ca and Mg concentraticas in leaves of treated plants
compared with those of untreaied ones durng he Two §IoWNg 031003 |
Besides, the concentrations of total sugars, ardohydrales and crude proten
were 030 considerably inereased with all appled elements 31 ther used
concentrations. Agan, increases were In paraliel o the oppled
concentratons of each element Also, the highest increments were mesty
obtained with Za then Ca fcliowed by P and B, respectively Thosere}unsue
i harmony with those obianed by EFDesouiy and Khedr (2000) using P ca
tquash and Fathy and Khedr (2005) using Zn and Ca on sweet pepper

Here, #t could be concluded that increases of leaf area (Table, 1) and
phatosynibetic pigmenls (Tatle, 2) as well as ineremont of the dry mater
accumulatica in leaves ndicate the stmulalcey effects of those elements
upon he efficency of pholosyrthesis process, hence more pholosynihates
being creaicd 35 well 33 enhancement of minerals Fansiocatien from roots 0
leaves .

In additen cabohydiates and sugars hink 10 the case of ¢od
lclerance (Frank, 1960} wo their roles as celular cryoprotective o
camoceguiaior agenlt (Hockaka and Somero, 1573), they prolected protens
and enrymes dgairsl denaburations induced by cold stress as wed as basie
substrate for ATP symithess,

Moreover, phosphorus uptake and level Ceopressad by ow
temperature (Table, 3 & 6) known to bo taken as indicator for cnergy status,
0 its lovel drectly assoclaled wih cold tolerabdity or sensitivity.

Furthermere, calkcium had a specdic rofe as secondary messonger in
signal vansductcn sypitem and gene expression ateration during stress
(Poovaah and Reddy, 1933) . Besdes, Ca and 230 Mg known 1o be
acivated H -ATP- ate membane pump, the key activg mashing and sae §x
cations raasport and relention , that altriduted to alieviaton of cold siress
adverse elfects (Pata, 1090) .

V- Anatoemy of leant blade :

_As shown in Tadie (4) and Figs. (1 & 2) 3l appied nutrient elements
wth Dot o asSigned CONtentrations positively atectod Gfferent studed
anatomical features of lomato leaflet blace. Since, thickness of the midrd
region was increased aver the contol value by 6.0 & 30,7%, 6.5833 6%, 20.6
S35 7% and 355 109% with Bt S50 & 100 ppm, Zn a1 50 & 100 ppm, Ca at
ammmw.mmwmm a1 applied teatments.
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ached its haghest value (3584.5) with Ca at 500 ppm that represent
l(rl'gee;::)r:hen oomhaagred with the ccatrol (100%). Also, the width of this
bundle was Increased with the assigned treatments o reach its maximum
with the same treatment (Ca at 500 ppm) Beosides, increment the thickness of
main vascutar bundla was accompanied wilh an increase in the thickness of
its tissue components, €., uppermast, and lao_ve«no:gt phisems and xylem
tssues. Here, the highest increment was.obt:‘med with Ca fellowed by Zn
and B, yet, P showed the lowest increment in this respect
The stmulating effects of applied nulrient elements on leafiet tlade
structure may te atirduled to their effects on increasing medsiematic activiy
and promotion ¢f vascular cambium tissue which preduced higher amount of
conducting tissues (E-Shaarawi et al., 2004).

Table (4) : Etfect of some nutrient elements on the leaflet blade anatamy
of tomato plants during 2005/ 0€ season .
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_ With regard 1o lamina thickness 35 shown in Table (4) and Fag. (2), 1t
was increased with cdferent applied treatments to reach its maximum with Ca
at 500 ppm (31.9% of increase} followed by B at 100 ppm (26.6% of
increase). Increment of Lamina thickness was accompanied by an obvious
increasa in its comprising tssues, Le.. uvpper, lower epidermis, palisade and
f.vg’(oog;y nssueﬁ:é l;:ls(gz t:l; holghh%l ncrease was oblained with Zn at 100 ppm

paksace . 23se) a }
0.k A oreaed) ) and B at 100 ppm for spongy bissue
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VI;
'?{.:5 o A%,
Q’{&d;{/’&’“
"‘q‘:ﬂa(

affected by some nuldent elemonts (X §0).

a- Control
b- B at 100 ppm ¢+ Zn at 100 ppm
d- Ca at 500 ppm ¢+ P at 500 ppm

Abb: uph, = uppermost phicem Ussue, xy. = xylem tissue, Lph. =
lowermost phloem tissue and muv.b.s main vascular bundlo .
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(d) (c)

Fig(2): Transverse section through the terminal leftlet lamina of the 4

apical compound leaf on the main stem of tomato as affected
by some nutrlont elements { X 100)

a- Control
b-B at 100 ppm c-Zn at 100 ppm
d-Ca at 500 ppm e- P at 500 ppm

Abb: u, op. = upper epidermis, Lop = lower epidermis, pa. = palisade
tissuo and sp.= spongy tissue .

1002




J. Agric. Sci. Mansoura Untv,, 32 (2), February, 2007

In general, the aleration of different traits of leaf ana i
applied treaimgnts i$ being of great interest Because these m:‘t‘h inttleu::
each of the thickness of photosynthates creator, i.e.. lamina bissue and the
thickness of their passage (phloem lissue) as wel as the thickness of
different raw malerials passage (absorbed by rools); ie.. xylem tissve
thickness as well . It means that thesa treatments impraved transkoeation and
caused more raw materials 10 ba absorbed by rocts and reached to leaves as
well as more phqlosynmates to be alkcated and partitioned 10 other plant
paris leading 1o vigerous growth and enhancament of fioweing and fruiting of
treated plants . In this respect, Atawia and EFDesouky (1957) , Wanas (2002
and 2006) have been cenfemed that the improvemnent of growth and yield in
ecccaomical plants is mainly due to (he increase of cross sectional area of
both xylem and phloam tissues ,

Thnerefore, reatmenlts agplied in the present study are teing of great
interest. Since, these lreaiments could be of economic value not only
considening s.nificant increase of obtained yiek! but also keeping good
markeling, diet and tasle characlenstics as mentioned later .

V- Reproductivity :

As shown in Table (5) all applied nulrient eements, ie, B and Zn
ea¢h a8 50 & 100 ppm Ca and P af 250 & 500 ppen for each significantly
decreased number of days required for starting of fiower anthesis of treated
plants, hence induced them 1o flower earfier than untreated cnes .

Table (5}: Effect of some nutrient elements on flowering, fruit setting
and fruit yleld of tomato plants during 2004/05 and 2005/06
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n Tel to the sppied concentratiocns of each
c!cmenLE::T;.“T;:‘?i;hest miness was existed with 500 ppm of Ca (17,33
cays) folowed by 100 ppm 2a (1567 days), yet the lowest eadiness (6,33
dm)mwuwdu%ﬂ?azwwndmmmmm

wmmpedwmonmnwdm«slpm&imsqnfwwm
pmponionarymemdwhhmmwmwmenkmtofeachem
The most suprice element In this respect was Zn foliowed by Ca then B and

P, respectively .
Aseltgpr«mugcd!nntscmng.lewld benoboed.mat
WW&W&&&WMW&WMM
dmwmmmm.mhmp«wn‘mqlmm*n
obtained with Zn thea Ca, and B, while P was the kast one in this respact

tn acdition, data In Table {6) a'so Indicata that total fruits r_wm:goland
yleid f plant, the calculated reflative total yield and average of fnat weight as
wﬂaeqmwmlmamﬂgnmnﬁyhduuda;amwo!
mwmawWMMWuwedwmmd
unmmmxmmmm.mmmnmm
irduced the highest insreass in 1otal frud yieldiplant was Ca 21500 ppm (2.03
& 2.02 Kgy plant) fctiowed by Za al 100 pom (2.07 & 1.8 Ko/ plant), whie the
controd values were 127 and 1,22 Kgiplant curing 200405 and 200506
30350n3 respectvely,

Heren, such imptovement in fowenng, frut seling and total frudt

Y of 1omalto by 3ppication of cfferent assipned nutient clements could be
expected, sihce the same Yeatments exhititad simiar eMocts oa number of
beanches, 10tal leaf arca and cfy malter accumuiation (Table . 1) mineral
tent (N.P,K, Ca and Mg). cartahydrates and sugars content (Table, 3 & 6)
33 wel as positively aered leaf anaiomy (Table, 4 and Fig., 14 2) . That
means hat 1omato plants postively alfecied and atered physicicgically and
angiomically 13 coid Wiprance Casa and thal i turn, became able 19 protect
them against the adverse effects of low temperature . So, they grown,
Nowered and yelded well even under such unconcucive conditions .
The present resuils anc interpretation are canfrmed by the findings of
El-Desovky and Khedr (2000) using P on squash, Fathy and Khedr (2005)
using Zn and Ca on sweet pepper and Hyam_ (2006) using B cn biack cumin

Vi- Mineorals and bioconstituents concentrations in tomsto fruits +

Data in Table (6} show that dufing both seasons, the two appled
concentraticns of each assigned cloment parally increased the mineral
concenvations (N.PK Ca and Mg), cruce protein | total carbohydrates and
Swgars cencenvations as well 33 vitamin C and otal seiuble woiids (TSS) In
he marketabie 1omato fnuts compared wih hose of the coatrol . The highest
ncrements 1 CUS respect were mosty oblaned with Zn foliowed by Ca, P
and B, respoctively .
) Incroase of tatal cartohydrale concentration in tomalo fruits coukd
indicated by improvement the lomalo gromth  regurding erﬁcs::!
pholesynthess and impeovement the translocaticn of their products as well 3
NP K Ca and Nj 1o the utmate fnits a3 a¥ected by the applied Teatments
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id be asted that these gream_'tenis pravided conditicns leq
UH:O:u'ﬁsnm more?cgcgepuue for marketing wilth goed quality. .

It could be concluded that application of the assigned nutsien|
elements, i.e., B, Zn ( at 50 & 100 ppm for each), Ca and P (a1 250 & 500
ppm lor eachjas soaking materials foc tomalo seeds then as foliar Spraying
on ther scedings, exhibied vigorous tomato growth, caused earliness of
Nowering and fruit production and increased their capacity. All of these ¢oud
be atnbuted to the increment of photosynthesis _elﬁo-e'ncy and, in tum, the
sufficient assimiates supply. Hence, higher fruit yield with good quaiity t be
achieved, Therefors, 2l of these advantages make the applied nulrient
elements to be recommended as eNective and safe agricultural practice in
cultivaton of such summer lomato cultivar outdoors even during winter
seasen 10 aveid all cautions aboul inserting the green- houses In agricultury!

system .
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