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ABSTRACT: These experiments were carried out on tomato plants
{Lycopersicon esculentum Mill) hybrid VT765 at two subsequent locations.
The first experiment ( nursery experiment ) was performed in the nursery
under green- house conditions covered with plastic shading at Sahle Eltina,
North Sinai Governorate on the 10" February during the two growing
seasons of 2008 and 2009. Tomato seeds were sown in foam trays filled with
a mixture of vermiculite and peatmoss 1:1(v/v) and mixed it with macro and
micro nutrients. After germination seedlings were exposed to salinity
hardening treatments using four levels of saline irrigation in order to
increase its adaptation to salinity stress; 2000, 4000, 6000 ppm, and the
control which irrigated with \tap water (200 ppm) during nursery period.; 45
days after sowing. The second experiment (open field experiment} was
conducted at Sahle Eiltina, North of Sinai Governorate, Egypt to evaluate the
salt tolerance of tomato plants during the two summer seasons of 2008 and
2009 .Seediings obtained from nursery experimental treatments were grown.
12 treatments ie. the combination of three different foliar application
treatments; Trafos k, Phosfrade- Mg. and control X four hardening seedlings
obtained from nursery experimental salinity treatments (2000, 4000, 6000 and
control as tap water 200 ppm). Such treatments were arranged in a split plot
design with three replicates| The obtained results could be summarized as
follows.
All vegetative and productive parameters responded positively to the
individual effect of salinity hardening and fertilization as foliar application
treatments and their interactions. The salinity hardening level of 4600 ppm
showed the best effect followed by the 2000 ppm level and the least for 6600
ppm level. Meanwhife, the Trafos k was better than phostrade Mg as a foliar
application.The Interaction| effect of the {reatments appeared to be
cumulative on plant response. However, Trafos k and the medium level of
salinity {4000 ppm) recorded the high osmotic pressure followed by
phostrade Mg with the medium level. Meanwhile, Stomatal conductance
detected the lowest significant value under the treatments of medium level of
salinity hardening and the Trafos k as a follar application. Also, hardening
medium level treatment with the Trafos k showed the lowest value of
transpiration rate compared with the control. Trafos k treatment with the
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ahd protein content.

medium level of salinity hardening showed the highest value of K, K/Na , Ca
Keywords: tomato, salinity, hardening, Trafos k, Phostrade Mg

INTRODUCTION

Tomato is a widely distributed annual vegetable crops which is consumed
fresh, cooked or after processing: by canning, making into juice, pulp, paste,
or as a variely of sauces. More than 30% of world production comes from
countries around the Mediterranean sea and about 20% from California FAOQ,
{1995). : :
Globally, no resource can be considered to he more strategic than water.
There are growing competitions from other sectors than agriculture such as
the industrial and urbah sectors for fresh water. In addition to the rapid
increase in population, agriculture will have to do iess with fresh water and
do more with marginal quality water. For these reasons, the availability of
water resources of marginal quality suchh as drainage water, saline
groundwater and freated wastewater has become an important
consideration. For water saving, recycling agricultural drainage water is a
new policy that is applied either as a mean| of rationalizing water use in
countries such as Egypt (Abu-Zied, 1988) and/or for environmental reasons
in other developed countries such as the Netherlands (Ammeriaan, 1993).
This lead to salinity built up in the root zone. Salinity stress is a common
censequence of insufficient water supply and/or using poor quality water (Li,
2000). Soil and/or water salinity may be naturalfy exist particularly in arid and
semi arid regions such as Egypt. This problem is usually facing the
expansion in reclaimed lands. Salinity is a| well known factor affecting
negatively growth and total yield of many crops such as tomato (Malash et al.
2002; Yurtseven ef al. 2002, Fiawers et al. 2005). The main negative effect of
salinity comes from the osmotic effect on plant water uptake which
eventually affects growth and yield. This negative effect is common in the
new reclaimed lands where most of the high cash crops are usually
cultivated there. The result is the well-known yield reduction bhecause of
saiinity. Many trials have been condtucted to |alleviate salinity effects with
partial success or non-applied resuits.

Tomato (Lycopersicon esculentum Mill) is one of the major and the most
important vegetable crops in the world. There is a high demand on this crop
either for local market or export. In 2007 year, the cultivated area with tomato
was 5985481 faddan, its productivity was 8391223 ton, with an average of
16.94 ton per faddan*. Particularly in Egypt, tomatoc has received great
attention to increase its productivity parallel to market demand.

The aim of this investigation is to increase salinity hardening of tomato
seedlings by irrigation with different saline levels in nursery in order to
produce highly adapted transplants with high survival and more toferant to
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salinity stress in the open field under desert conditions of Sahle Eltina ,
Egypt. Furthermore, trails were assessed for increasing salt resistance and
improving growth and productivity of tomato plants by using the Trafos k
and Phostrade Mg as a Fertilization foliar application. The success of such
treatments will be essential for increasing the cuitivated area of such crop
grown under salinity stress.

The present investigation consi

1- Nursery Experiment:-

In this experiment seeds were sowing under green house conditions at
Sahle Eltina, North Sinai Governorate on the 10" February during the two
growing seasons of 2008 and 2009. Tomato genotype used in the present
study was V7765 hybrid which produced by G.S.| Company from England
and imported by TECNOGREEN Co. The main characters of this tomato
genotype are shown in Table (1 ).

: The main characters of tomato VT765 hybrid .

Characteristics V.T. 765" hybrid”
Growth habit
Vegetative growth
Cultivation date
Ripening date

Fruit characteristics

fruit setting in high temperature.
Tolerance - Tolerant to infection with tomato leaf yellow virus.
- Tolerant to infection with fusarium and verticilium.

The nursery experiment was conducted to increase seedlings tolerance
after transplanting it in open| field under high water salinity. Seeds of the
used tomato genotype was sown in foam trays having 209 holes filled with a
growing media containing 60% moisture. The growing media was prepared
by mixing the following materials:-300 liters peatmoss, 100 kg vermiculite,
500g ammonijum phosphate, 400 g ammonium nitrate, 300 g potassium
sulfate, 100 g micro nutrients mixture (Tradecorp A-Z), 100 cm® fungicide
(Maximum) and 4 kg Calcium Carbonate. Trays were irrigated with tap water
for 15 days, then, salinity treatments were applied for inducing hardening.
Four salinity levels of irrigation with safine water were applied i.e, control
(tap water200), low (2000}, medium (4000) and high (6000) ppm. Each week

1817



A. S. Abd El-Naby

for five weeks, irrigation with the above mentioned salinity levels were
applied shown in Table (2) according to Salama (2009), on tomato cultivar .

Table (2): Clarifies the salinity hardening system for tomato seedling during

" Without Irrigati

Without irrigation

"H'thuut imgatlon
Tap water

W'i'thout lmgatmn .
Tap watur

W'thuut Irrl gation
Tap water

W'thnut Erngahun

Tap water
.1.|“ 00 A,,I,E'\ﬁ--i" r" ;

Wiﬂ'nuut nmgatmn

Without irrigation
Tap water
fﬁp
'W"Ii‘mut imgatmn
Tap water




increasing productivity of tomato plants by using seedling hardening...

2- Field Experiment:-

In this experiment, the seedlings which treated before with salinity
hardening in the nursery were transplanted under the open field conditions
of Sahle Eltina North of Sinai Governorate on 25" March during the two
growing seasons in 2008 and 2009. This study was conducted to investigate

the effect of different foliar application treatments, i.e, Trafos k (30% P205
and 20% K20) at rat 3L/300 L water/ fad., phostrade magnesium(29.7% P40s5,

5% K20 and 6.8 %M g) at rat |3L/300L water / fad. and tap water (control} as

well as salinity hardening jand its effect on plant vegetative growth
characters, physiological characters, yield and its components as well as
chemical composition of tomafo plants.. Plants were irrigated using brackish
water from El-Salam canal.

Physical and chemical analysis of field soil were determined according to
Piper {1950), Jackson (1958) and Chapman and Pratt (1961}, {Table,3).

Table 3. Physical and chemjcal properties of the experimental soil and
chemical analysis of|irrigation water at Sahle El-Tina.
Physical analysis of the experimental soil
Coarse Sand FineSand Clay Silt Soil texture
0.7 8.0 54.8 36.7 4 Clay

Chemical ahalysis of the experimental scil

EC Cations {meg/L)} Anions (meq/fL)
ds/m PH ++ ++ + + = - =
Ca Mg Na K CO3 HCO3 ci 304
9.75 8.10 3011 | 15.99 | 5534 | 0.61 | --- 337 | 4175 | 56.65

Chemical analysis of irrigation water

EC Cations {meqg/L} Anions (meg/L})
dSim PH ++ +i + - = - =
Ca Mg Na K | €Oy [ HCO, | ¢ | SO,
3.975 | 8.04 7.08 462 | 2053 0.22 - 1.89 20.54 | 11.90

The experiment included 12 treatments, which were the combination of
four salinity hardening for |seedling tomato treatments x three foliar
application treatments were arranged in split- plot design with three
repiicates. Foiiar application treatments were placed in the main plot, and
salinity hardening treatments arranging in the sub plots. All Plants were
irrigated using brackish water from El-Salam canal.
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Cattle manure at a rate of 20m°/faddan, ¢
P,0;5) was added at a rate of 200 kg/faddan.
potassium sulfate (48% k,O) were added at th

lcium super phosphate (15.5%
monium sulfate (20.5% N) and
e rate of 150 and 109 kg/faddan

respectively and it's were added to all treatments of the experiment before

transplanting. The expetimental unit included
3.5m in lengh (ie. 10.5 m® = 1/400 fad
transplanted in hills distanced 30cm apart ¢
growing seasons, respectively. Trafos k and
fertilizers application treatments were applied

three ridges 60 cm in width and
.. Homogenous plants were
n 25" March in 2008 and 2009
phostrade magnesium as foliar
twice after 60 and 75 days from

transplanting using tween 20 as wetting agent.

Tow samples were randomly taken at 75 and 90 days after fransplanting to
determine Plant height (cm), number |of leaves/piant, number of
branches/ptant, leaf area/plant (cm), stem diameter (cm), shoot fresh and dry
weights/plant (g) at 75 days from transplapting, fruit number/plant, total
yield/plant (g) ,’total yield {ton/fad.) and TSS% for fruit were recorded at 90

days from transplanting. Shoot samples were dried in an oven at 75 C°. The
dried materials for the 1*' sampie was ground to a fine powder and kept for
mineral analysis. Plant materials were exposed to acid digestion using the
wet aching procedure as described by (Johnson and Ulrich 1959) to
determine sodium, potassium and calcium| content by flame photometer
according to the method of (Brown and Lilleland 1964} using Jenway PFP7
flame Photometer model. Mg content was estjmated using atomic absorption
spectrophotometer Pye Unicium Sp 19800. Proline content was determined in
fresh leaves according to the method outlined by {Bates ef al., 1973). Crud
protein content was calculated by multiplying the total nitrogen by 6.25
{Pregl 1945). Meanwhile physiological measurements were determine as

follow. Stomatal conductance(stom. Cond.)
transpiration rate (trans.) using (Porometer
Osmotic pressure of cell sap at 75 days aft
with relationship between total soluble

leaf temperature (leaf temp.),
achine model LI-COR., USA).
r transplanting was estimated
olids and osmeotic pressure

according to (Gosev 1960). Total Soluble Solids (T.5.8. %) in leaves at 75
days after transplanting was determined by using hand referactometer

according to (A.O.A.C.1980).
Data were subjected to statistical analys
Cochran 1967). Combined analysis over

s according to (Snedecor and
growing seasohs for salinity

hardening and foliar application treatments were carried out when the

homogeneity test was insignificant according

to {Gomez and Gomez 1984).

L 8 D was used to detect significant differences between means at 0.05

level.
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RESULTS AND DISCUSSION
1-Growth characters:-
1-1Effect of foliar fertilization treatments:-
Data presented in Table {4) show the effect of foliar application treatments
on vegetative growth parameters.) The effect of foliar treatments were clear.

Trafos-k recorded the highest significant mean values of plant height (cm),
number of leaves/ plant, number of branches/plant, leaf area/plant (cm}, stem

with the other foiiar application trealtmenis. The percentages of increments
reached 50.8% and 60.08% for leaf area and dry weighis/iplant respectively.
The superior effects of phostarade magnesium was followed by Trafos k
treatment. These differences were significant compared to control treatment
through the two seasons (2008 and 2009). These finding were agreement with
the results of Eata {2001} and Achilea (2002), they found that the presence of
potassium can alleviate the flegative effect of salinity and this explanation is
what can be used in the case of the application of fertilizers such as Trafos k,
and phostrade Mg. Leaf area reduction was overcome by K application under
saline conditions Al-Karaki, (2000), Eata, (2001) & Ahmed (2003). This may be
due to the competition between potassium and sodium for absorption and/or
the regulation of K to plant water relation which reflects on cell elongation.
The same explanation can be held true for the effect of K on a higher leaf
area of the plant under saline conditions. Using K by Trafos k as a foliar
application under saline conditions was reported to alleviate saline effect and
improve plant fresh and dry weights Soubeih, (1998); Hassan, {1999} and this
what has been observed in this study.

As the fresh weight depends mainiy on plant water status and K has a
major role in confrolling thig status, therefore this can be the explanation for
the role of K in improving this parameter. The presence of phostrade Mg also
contributed to the effect of alleviation since phostrade was reported to
increase plant vegetative growth Turkmen et al.,, (2004), Dursun et al., (2002),
& Arancon et al., (2003). Meanwhile, the application of K may contribute to
the osmo-regularty of the piant (Treichel, 1975) which may be the reason of
the alleviation of salinity negative impact on plant growth.

Also, these results are in agreement with those recorded by Satti et a/
(1994), Raafat et al, {2000) & Salama, (2008) which noticed that growth of
tomato plants was enhanced when K was added to the nutrient soiution. In
the same regard, Satti and Lopez {1994) affirmed the same resuits on tomato
jeaf count, stem fresh and dry weights. However, the positive response of
growth parameters resuiting from KCi treatments could be due to the role of
K in the osmotic adjustment of plants under saline conditions, and
consequently its importance of being required in the external medium to
maintain the selectivity and |ntegrity of cell membrane (Satti et a/ 1994).

\
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Plant | No. of Shoot | Shoot
height | leaves/p lbranches/ diameter | fresh wt. | dry wt/
fem lant plant P fem Elplantlg plant /g

Foliar
fertilization

|
. - 1 . - H -4 H .0
Control 67.71 ! B8.&8 g8 0.676 | 260 E 128 I

Trafos K 3L/fad| 80.76 | 137.2 13.10 . 0.845 465.7 204.9

Phostrade Mg
3Lifad

L.S.D (0.05) 1.46 11.06 1.18 . 0.037 19.18 8.09

75.89 | 120.7 ] 12.58 . 0.789 405.5 188.2

1-2 Effect of salinity hardening treatments:-

Effects of salinity hardening treatments op tomato vegetative growth are
shown in Table (5). Hardening treatments |using saline water showed a
gradual increase in all vegetative growth parameters i.e plant height, number
of leaves/ plant, number of branches/plant, |leaf area/plant, stem diameter,
shoot fresh and dry weights /plant until medium level of salinity hardening.
The highest effect of salinity hardening occurred with the medium level {4000
ppm) of salinity hardening. The percentage of increments for leaf area and
dry weight/plant with the same level reached| 47.4 % and 44.6%as compared
with the control. However, that effect started to decline with the highest level
(6000 ppm) of salinity hardening but still significantly higher than the control.
These responses were consistent with the two seasons (2008 and 2009). The
response to salinity hardening can be arranged in the order: medium, low,
high level of hardening compared with contrpl treatment. The same results
were obtained with mung bean due to the application of hardening on the
plants Ahmed, (2003) and Salama (2009) on tomato plants. This effect of
hardening may come from the effect of lhardening on plant osmotic
adjustment to higher osmotic pressure in the froot zone. This adjustment can
be brought about by accumulating nutrients in the plant as hardening was
found to increase P and K content Taha, (1978) and Ahmed (2003). Also
Moghaieb ef al., (2001) who found that salinity reduced plant growth in alt
cultivar of fomato plants and the reduction was more pronounced. In addition
to who found that shoot showed a much higher concentration of sodium ion
and proline due to its higher ability of maintaining the root function for the
uptake and supply of water to shoot under salinity conditions but not due to
the adjustment of transpiration from stomata. |Snoussi et al., (2004) reported
that the water absorption was decreased at natural salted treatment levels,
this probably due to ionic imbalance of the treated water.
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Table {5): Effect of salinity hanrening treatments on growth parameters of
tomato plants at 75 days affer transplanting under saline
conditions. (Combined analysis of 2008 and 2009 growing

Salinity
hardening

No. of |
leaves/plant }:

No. of
branches
{plant

Stem
diameterfcm

Shoot
fresh
wt. f

plant /g

90.34

10.68

0.691

278.7

2000 ppm

119.7

11.74

0.7%1

383.8

4000 ppm

140.15

13.67

0.834

500.1

6000 ppm

111.9

11.22

0.765

346.5

L.S.D (0.05)

11.35

1.38

0.0562

19.46

1-3 Effect of the interactian between foliar fertilizer application

and salinity hardening|treatments:

Table ( 6 } present the inter{ftion effect of foliar fertilizer application and
salinity hardening treatments on tomato vegetative growth. The effect of the
interaction bstween any foliar application treatment and hardening level
seemed to be cumulative of the individual effects of the treatments. Medium
level of salinity hardening (4&)00 ppm) was always significantly higher
compared with all other hardening levels regardless of foliar application
treatments. Meanwhile the treatment of Trafos-k along with the medium
hardening level gave the highest mean values for all growth traits i.e. plant
height, number of leavesi/plant, humber of branches/plant, leaf area /plant,
stem diameter, shoot fresh and dry weights/plant compared with all other
combinations. All combinations of salinity hardening and foliar application
treatments resulted in significant positive effect on all growth traits
compared with control treatment.

A clear effect of salinity hardening levels was noticed specially with the
medium hardening level under all foliar application treatments. The 2™ effect
of the interaction of treatments was recorded for the medium level of salinity
hardening under the foliar application of phostrade Mg foilowed by the high
level of salinity hardening under the same foliar application treatment.

These findings can be explained on the basis that all foliar application
treatments have positive effect on reducing salinity effects due to the
presence of K and P Soubeih (1998),Cuartero and Fernandez-Munoz, (1999),
Hassan, (1999) and Salama (2009). Moreover Malash et al., (2002) showed
that salinity at 4 and 6 dsm-1 decreased growth and total yield of tomato
cuitivars. Also these results were harmony with that reported by Moghaieb
et al., (2001} on tomato cultivars,
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!
Table (6): Effect of the interaction between foliar application & salinity
hardening treatments on growth parameters of tomato plants at
76 days after transplanting und r saline conditions. (Combined

Treatments Plant | No.of | No.of ; Stem Shoot | Shoot dry
height | teaves | branches | areal ;. meter/! fresh wt. | wt/ plant

Foliar Salinity | /em | splant | /plant | PEOY T en T plant/g | /g
fertilization | hardening - cm2
Control 050 | 7618 | 5.6 | 926 | 0gss | 2128 89.5
B 2000ppm | 68.72 | 89.75 | 992 | 1091 | 0676 | 269
3 4000 ppm | 75.45 | 105.65 | 10.20 | 11.68 | 0.691 | 308.6

6000 ppm 66,16 | B3.15 9.40 ‘ 11.21 | 0.670 249.6
Control 71.80 ; 101.35 10.60 ‘12.50 0.726 331.5

; X [2000ppm | 8260 | 1418 | 13.20 1522 | 0.865 | 4755

S@ |4000ppm | 93.25 | 169.20 | 16.36 | 19.56 | 0.965 | 665.2

= 6000 ppm | 75.68 | 1364 | 12.25 | 17.67 | 0.824 | 390.6

2 Control 6619 | 935 | 1175 /1206 | 0682 | 2916 159.8

8% |2000ppm | 7915 | 1275 | 1210 [13.40 | 0.831 | 4057 192.6

.E § 4000 ppm | 83.70 | 1456 | 1445 |/ 18.60 | 0.845 | 525.5 219.5

5 6000 ppm | 74.50 | 116.2 | 12,00 | 18.42 | 0.801 | 399.2 180.8
L..5.D (0.05) 181 | 8.63 1.29 117 | 3.076 | 20.16 9.18

2- Yield and its components

2-1-Effect of foliar fertilizer apphcatlorq -

Foliar fertilizer application treatments showed significant differences in
fruit number/plant, total yield /plant, total yield (ton/fad.) and TSS8% for fruit
(Table, 7). Yield and its components significantly increased with al! foliar
fertilizer application treatments as compared with control treatment. Trafos-K
as a foliar application treatment achieved the highest significant mean values
for yield and its components. The percentage of increments of fruit
number/plant, total yield/plant {g), total yield {ton/fad). and TSS% for fruit
reached 58.4%, 60.1%, 45.7% and 11.3% respectively as compared with the
control. Phostrade Mg treatment recordeli! the 2™ on yield and its
components. Also, control treatment detected the lowest significant mean
values for yield and its components.

Foliar fertilization treatments mcrease¢ total yield under salinity
conditions Soubeih, (1998}, Eata, (2001), and Economakis and Daskalaki,
{2003). Also K and Amino acids were found to increase number of flowers,
fruit setting and fruit vield Neeraja et al., (20(15). Application of amino acids
(proline) and k was reported to improve plant growth and production under
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saline conditions Hafez, (200]1). The positive eflects of K and amino acids
application may be due to |its effect on cell-internal function as osmo-
regulatory Treichel, (1975) since it is very soluble in water therefore increase
the concentration of cellular osmotic components. Potassium fertilization
was found to affect TSS % of tomato fruits under salinity Eata, (2001),
soubeth, (1998), and $atti et al., (1995).

Tabie (7): Effect of foliar fertilizer treatments on yield and its components of
tomato plants at 90 days after transpianting under saline
conditions. (Combined analysis of 2008 and 2009 growing

No. of Total yield / Total yield/ TSS % for
fruits/ plant plant (g} ton fad fruit

Control 3214 872.43 9.23 8.23
Trafos K 3L/fad 50.91 1396.9 13.45 9.16
Phostrade Mg 3Lfad|  40.33 1211.1 11.28 8.40
L.$.D (0.05) 2.18 | 123.06 0.06 115

Foliar fertilization

2-2 - Effect of salinity hardening on yield and its components :-

Effect of salinity hardening on yield and its components were shown in
Table (8). Salinity hardening, treatments with 4000 ppm gave the highest
significant effect on the fruit number/plant, total yield /plant, total yield
(tonffad.) and TSS% for fruit as compared with the other treatments, then it
began to decline with the high level of salinity hardening i.e 6000 ppm.
Despite of this decline with the high level of salinity hardening, it was still
significantly higher than control. The percentage of increments of fruit
number/plant, total yield /plant, total yield (tonffad.) and TSS% reached
57.41% , 51.5% , 56.2% and 21,7%, respectively as compared with the control.
Salinity hardening treatments: also increased the total yield per plant which
also was a reflection to its effect on the total number of fruits that was
observed above. Total yield per plant increased as the salinity hardening
level increased, however it started to decline with the high level of salinity
hardening. Despit this decline, all salinity hardening treatments were
significantly higher compared with control. The highest effect of salinity
hardening was recorded with the medium level (4000 ppm)of salinity
hardening followed by the low level (2000 ppm) then the high level (6000
ppm} of salinity hardening as compared with control treatment.
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Table (8): Effect of salinity hardening treatments on yield and its components
of tomato plants at 90 days after transplanting under saline

Salinity No. of fruits/ | Total yield / Total yield/ TSS % for
hardening plant plant {g) (tonffad) fruit

Control 32,26 846.7 9.20 7.65

2000 ppm 43.51 1192.3 11.62 8.62

4000 ppm 50.78 14342 14.37 8.31

6000 ppm |  37.95 1067.4 10.08 8.80

L.S.D (0.05) 2.70 125.20 1.29 0.42

The improvement in yield under salinity ¢ondition may be brought about
by osmotic adjustment due to salinity hardening. This adjustment due to the
accumulating of nutrients in the plant as hardening was found to increase
Na, K, Ca and Mg content as shown later in Table (11) as well as the decrease
in Na content of leaves (Table, 11). This explanation are harmony with Taha
{1978), Ahmed (2003) and Salama (2009). Moreover, the higher vegetative
growth (Table, 5) of plants which treated before in nursery with the medium
concentration of salts (4000 ppm) may also explain the high total yieid /plant
and total yield / faddan as compared with all other salinity hardening
treatments, at both seasons. Also Malash et al., (2002) and Flowers {2005)
they found that salinity reduced tomato commercial yield, mainly due to a
decrease in fruit weight and to a lasser extent by a reduction in fruit number
and by increasing blossom and rot in fruits, !

2-3-Effect of the interaction between foliar fertilizer application

and salinity hardening treatments, levels:-

Data in Table (9) show the interaction effect between foliar fertilizer
application treatments and salinity hardening. Generaily, the effect of salinity
hardening levels is consistent with all foliar dpplication treatments. However,
the foliar application treatments affected 3he degree of response to the
salinity hardening treatments.

In all recorded data of yield components $uch as fruit number/plant, total
yield/plant, total yield/fad. and TSS % in tortmto fruits. The results showed
that the three salinity hardening levels intera¢ted with the foliar application of
Trafos-K produced the highest significant e;ect on the previous characters
as compared with all other combinations of treatments with superiority to the
medium level of salinity hardening {4000 ppm} which was significantly higher
compared to all treatments. However, Phostrade Mg combined with 4000
pom salinity hardening recorded the 2™ best result for No. of fruits /plant,
total yield/plant and total yleld /ton fad. Generally, tap water as a control with
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all seed hardening treatments gave the lowest means value for yieid and its
components. The reported positive effects of foliar fertilizer application was
observed by Satti et al, (1994} and salinity hardening Taha, {1978). Also,
these finding was agreements with that obtained by Raafat et al, (2000) and
Salama, {2008) on tomato plants. On the other hand Sarg ef al., (1993) found
that osmotic pressure in the cell sap in ieaves was higher with Nacl salt up to
150 mM. Which reflect on yield and its components. Moreover, Flowers
(2005) showed that salinity reduced tomato yield, mainly due to a decrease
in fruit weight and to a lasser extent by a reduction in fruit number and by
increasing blossom and rot in fruits.

Table {9): Effect of the intera¢ction between foliar fertilizer application & Salinity
hardening treatments on yield and its components of tomato plants
at 90 after transplanting under saline conditions. (Combined
analysis of 2008 and 2009

Treatments

fertilization

Salinity
hardening

No. of fruits/
plant

Total yield /
plant /g

Total yieid/
ton fad

TSS % for
fruit

Control

Control

2615

706.2

8.26

7.21

2000 ppm

3711

876.5

9.35

8.35

4000 ppm

36.14

1106.5

10.56

8.85

6000 ppm

2915

800.5

8.75

8.5

X

-]
? n
Lx
£
[

Control

37.12

1161.3

8.70

8.06

2000 ppm

81.26

1448.6

13.66

9.26

4000 ppm

88.10

1696.5

18.85

g.92

6000 ppm

4716

1281.2

11.57

9.40

Phostrade
Mg
3L/fad

Control

33.50

872.5

9.65

7.69

2000 ppm

42186

1251.8

11.85

8.25

4000 ppm

48.09

1499.5

13.70

9.16

6000 ppm

37.55

1120.6

9.92

8.50

L.

wn

.0 {0.05)

3.02

3-1- Physiological respoﬁse :-
Effect of the interaction between foliar fertilizer application
and salinity hardening treatments:-

128.11

1.18

0.16

Data presented in Tabie (10) show the interaction effect of foliar fertilizer
application and salinity hardening freatments on some physioiogical
parameters i.e TSS% Of leaves, osmotic pressure, stom. cond,
transpiration and leaf temp. There were a tendency for higher vaiues of
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TS8% of the leaves of tomato plants with the medium and high levels of
salinity hardening i.e 4000 and 6000 ppmn under all treatments of foliar
application with each of Trafos k and phostrade Mg.

Table (10}: Effect of the interaction betwken foliar fertilizer application &
Salinity hardening treatments on some physiological characters
of tomato plants at 75 days after transplanting under saline
conditions. (Combined analy*is of 2008 and 2009 growing
seasons).

Treatments Tss% Of Osmotic . Leaf

Foliar | Salinity leaves pressure €17 | temp (C)
fertilizer | hardening .

Control 10.25 7.85 . 36.55
2000 ppm 10.62 8.90 . 34.70
4000 ppm 10.85 9.06 ; 34.25
6000 ppm 10.32 8.15 . 35.20
Control 10.38 8.55 . 35.60
2000 ppm 11.26 9.20 . 32.20
4000 ppm 12.75 10.85 . 31.85
6000 ppm 10.66 8.76 . 33.20
Control 10.30 8.35 . 36.10
2000 ppm 10.90 8.92 . 33.50
4000 ppm 11.55 9.75 . 32.70
6000 ppm 11.05 8.50 . 35.20
L.S.D (0.05) 0.19 0.17 . 0.15

Control

!'U
[
-3
5
[ o

As for leaf osmotic pressure, data in Table {10} show that ali salinity
hardening levels under all foliar application treatments were significantly
higher than the control. In the present study, Trafos-k and the medium level
of salinity hardening resulted the high osmotic pressure followed by
Phostrade Mg with the same level. The control gave the lowest values. This
result was agreement with that obtained by Sarg ef al, {1993) which found
that osmotic pressure in the cell sap in leaves was higher with Nacl salt up to
150 mM. Also, Salama, {2009) showed that Osmotic pressure, showed
significant effects under ali fertilization treatments, the medium level of
salinity hardening (3000ppm) recorded the:highest effect on that parameter
followed by the high tevel of hardening (4500ppm).

Stomatal conductance as affected by the interaction between foliar
fertilizer application and salinity hardening levels was presented in Table
(10). Stomatal conductance recorded the fowest value under the treatment of
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medium level of salinity hardening with the Trafos-k as a foliar fertilizer. In
general, the medium level of hardening with each of Trafos-k or Phostrade-
Mg resulted in the lowest stomatal conductance, respectively. Regarding
transpiration rate, zall foliar fertilizer application with salinity hardening
treatments had a positive response. Medium level of salinity hardening with
the Trafos-k fertilization recorded the lowest value of transpiration rate
compared to all other treatments. These resultes were harmony with that
obtend by Salama (2009} who, reported that transpiration rate increased
where as stomals resistance decreased, with lower level of salinily and
higher water supply. Alsc Malash et al, (2005) found that irrigated tomato
plant, with saline water decreased transpiration rate but increased stomata
resistance and leaf temperature compared with irrigation by fresh water. In
contrast the lowest value of leaf temperature was recorded with the medium
level of salinity hardening under the fertilization treatment of trafos-K (Table
8). These finding was agrementes with that obtained by Salama, (2009) on
tomato plants. Also, who showed that Stomatal conductance recorded the
lowest significant value under the treatments of medium level of salinity
hardening and the mono potassium phosphate fertilization.

3.2. Chemical composition :
Effect of the interaction between foliar fertilizer application &

Salinity hardening levels :-

Table (11} showed the interaction effect between foliar fertilizer
application and salinity hardening on chemical composition.

The values of nutrional parameters i.e Na, K, K/Na, Ca, Mg, proline and
total protein in shoot of tomato plants are shown in Table (11}. The previous
characters were positively and significantly affected by the interaction,
between salinity hardening levels and foliar fertilizer application treatments.
Shoots of the tomato plants receiving the medium level of salinity hardening
and foliar fertilizer application with Trafos-k treatment showed the highest
value of each K,K/Na and Ca nutrional parameters except Mg and proline
content had the same by the interaction treatment (6000 ppm) of salinity with
Phostrade-Mg. On the reverse, the treatment of Trafos-k with the medium
level (4000 ppm) of salinity hardening recorded the lowest value of Na in the
shoot of tomato plants followed by the same foliar application treatment with
the low level {2000 ppm} of salinity hardening. Also medium level of salinity
X trafos k gave the highest value for protein content compared with trafos k
X control. On the other hand, proline content recorded the lowest significant
mean values by Trafos K as a foliar application under medium salinity
hardening interaction. The revers was true for protein content.

These results are in agreement with those obtained by Taha (1978). The
presence of K and humate in the fertilization treatments, David et a/, (1994}
and Adani et al,, (1998). In addition the effect of hardening treatments, Taha
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{1978) gave a cumulative effect on Ca content in shoot of tomato plant. Na
content was reported to be decreased in réesponse to K as a foliar application
Sattie ef al., (1995). As the presence of K increased by the fertilization
treatment, the translocation of assimilates increase to the plant Koning,
(1995). Moreover salinity hardening treatments enable the plants to produce
more assimilates (Taha, 1978 and Abmed, 2003), the combination of these
two factors increase the assimilates goihg to the plant hence increasing
protein content.

Tabie (11): Effect of interaction between follar application & Salinity
hardening treatments on chemical composition of tomato plant at
75 days after transplanting under saline conditions. (Combined
analysis of 2008 and 2009 growing seasons)
||

Treatments Nat | K+ | K¥Nat ) caee | Mg++ | Proline | Total
Foliar Salinity mgl/g | malg | @0 | mg/ig | mg/g | mg/g | protein

fertilizer | hardening | (D-W.) | (D.W.) (“5%} (D.W) | (DW.) [ (FW) %

Control | 6.23 | 560 | 0.583 | 2340 | 17.50 | 0.084 | 21.35

€ | 2000ppm | 543 | 596 | 0622 | 2520 | 2016 | 0.066 A 22.80

§ 4000 ppm | 5.26 | 6.01 | 0739 | 2570 | 22.35 | 0.061 | 23.65
6000 ppm | 6.19 | 530 | 0.562 | 23.80 | 21.30 | 0.063 | 22.00

l « Control | 532 | 620 | 0666 | 2610 | 2330 | 0.092 | 23.70
n E 2000 ppm | 503 | 6.85 | 0.893 | 3155 | 26.50 | 0.051 | 2850

"E?_ = 14000 ppm | 5.01 | 745 | 1.079 | 3570 | 29.20 | 0.044 | 29.60

6000 ppm | 5.25 6.40 0.788 | 31.15 | 30.05 | 0.055 26.50

} Control 5.61 6.01 0.645 | 2560 | 21.13 ; 0.085 23.20

¥
4]
3
i N
ko
B =
Q
=
[+ 8

2000 ppm | 5.19 6.08 0.840 | 28.75 | 28.20 | 0.091 28.00

4000 ppm | 5.12 6.25 !1}.882+_| 30.80 | 32.50 | 0.083 28.80

8000 ppm | 538 6.05 0.666 | 26.50 | 32.70 | 0.096 25.50

L.5.D (0.05) 0.42 0.90 0.226 3.74 5.22 0.031 5.81

Also, Cayuela et al., (2001} they found that K concentration increased in
the young leaves of the adapted planfs. These results indicate that the
changes in growth and physiological responses induced by NaCl
pretreatment at the seedling stage maintained throughout the plant life cycle.
In the same regard Parra et al., (2007) found that improved tolerance in most
pre-treated plants was related to tower Na and Ci- concentrations in the
leaves and increases in [eaf K+ contents and K+ /Na+ ratio. However, Malash

1830



Increasing productivity of tomato plants by using seedling hardening...

et al., {2008a} who found that N and P in leaves of fomato plants decreased
gradually with increasing salinity of irrigation water. On the other hand
Xuexia et al., {2006) found that at 100 m mol NaCl/L the seedling growth
proline contents in tomato leaves were significantly increased.
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