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ABSTRACT

Two field experiments were conducted during the two successive early and late
summer seasons of 2002 and 2003 at Kaha Vegetable Research Station (Qalubia
Governorate) on tomato plants (L ycapersicon esculentum, Mill.} cv. Super Strain B fo
study the effects of Biomagic® (7.5 g/l), Baker's Yeast solution — Yeast (foliar), Yeast
(soil) and Yeast (foliar+soil) - (10x10° cells /), Acadian Seaplants® (1 I/ feddan),
Foliafeed (D)Q {0.625 g/ 1), the trial (experimental) compound fertilizer (5 g/ 1),
putrescine (1 mg/), silicon's powder, unadulterated sand (1 g/l) as weil as sodium
meta silicate {1 g/1) under two different periods of early and late summer seasons
(heat stress conditions) on the different vegetative growth characters, flowering as
well as yield and its components. This work aimed to rise the ability of this cultivar to
tolerate the hard conditions of heat stress, prevailing in this period of year {May, June
and July), which causes a severe drop in the productivity.

The obtained results indicated that, all applied treatments significantly increased
the most of the studied vegetative growth characters. The greatest values of the two
successive early summer seasons were obtained by treatiné; plants with Yeast
{foliar+soil) as weil as Biomagic®. Foliar appiication of Biomagic®, silicon's powder as
well as compound fertilizer resulted significant decreases in the nurmber of days
required for flowering 50 % of piants in the first season. In addition, the highest value
in the early tomato yield {ton/ feddan) were recorded by using Biomagic® followed by
silicon's powder treatments. Also, the applied treatments significantly decreased the
values of the non-marketable tomato yield. All different treatments showed significant
increases in the average fruit weights, total sugars in leaves and fruits, essential
aminc acids, non-essential amino acids, total amino acids and total proteins % of
tomato leaves with some exceptions when compared to the control untreated plants.

Under the heat stress conditions (two late summer seasons), aill appiied
treatments recorded higher values of different vegetative growth characters {plant
height, number of branches and leaves) as compared to the two early summer
seasons. No significant decrease on the number of days required for flowering of 50
% of piants under conditions of heat stress were recorded. Number of clusters/ plant
were increased specially at 70 days after transpianting {D. A. T.}. On the other hand,
fruit set percentage as well as early, marketable and tfotal tomato vield were
decreased whereas, non-marketable yield increased as a result of heat stress
conditions. The best treatments under this condition were application of putrescine,
Foliafeed {D)e. Biomagico as well as Yeast (foilar+soil) which increased most of these
parameters, All different treatments showed significant increases in the average of
fruit weights, total sugars, essenfial amino acids, non-essential amino acids, total
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amino acids as well as total protein % of tomato leaves with some exceptions as
compared with the early summer season and when compared to the control
(untreated plants).

INTRODUCTION

Tomato is the most popular and important vegetable fruit crop in Egypt for
local fresh consumption, industry processing and exportation. Increasing the
production of tomato fruits with high quality is very important objective to -
meet the increment in human population that may be achieved horizontally by
increasing the cultivated area and/or verticalty by increasing the total yield in
the area. The increase in total yield per feddan can be achieved by
application of different natural compounds as well as certain chemical
substances. Much attention has been focused on the possibility of using
natural and safety compounds, i.e. Biomagic® (lsmail, 2002) working on pea,
Baker's Yeast solution (Abedel-Aziz, 1997) working on tomato and Acadian
Seaplants® {lgbokwe ef al, 1990} working on tomato. Furthermore,
putrescine plays an important regulatory role in plant growth, development
and flowering owing to its effect on cell division and differentiation (Cohen et
al., 1982) working on tomato and Gharibe and Hanafy Ahmed (2005) working
on pea. Additionally, macronutrients and micro nutrients are considered very
important factors for enhancing plant growth and productivity of tomato plants
{Kolota and Osinska, 2000) consequently improve plant nutrition to protect
the plants against adverse environmental conditions (El-Sweify ef al, 2002).
Moreover, many workers mentioned that silicon can stimulate growth and
yield of different crops under normal and different stress conditions by several
indirect actions {(Marschner, 1995).

Furthermore, it is well known that, a serious drop in tomato production
was occurred as a result of unfavorable high temperature prevailing during
the period of late summer season (May, June, July and August). Generally,
such depression occurs when day and night temperatures exceed 25 and
18°C, respectively, although no visible injury to tomato vegetative growth
characters could be observed in some cases (Aung, 1976 and Kuo et af,
1979).

Thus, the objective of the present study was to investigate the effects of
such treatments for improving tomato plant growth and productivity especially
under the hard conditions of heat stress, which prevailing in the late summer
season in Egypt every year.

MATERIAL AND METHODS

Field experiments were carried out during two successive early and late
summer seasons of 2002 and 2003 at Kaha Vegetable Research Station
(Qalubia Governorate), Horticulture Research institute, Agriculture Research
Center (A. R. C.), Giza, Egypt. The physical analysis of soil under study was
% 61.2 clay, % 21.3 silt, % 17.5 sand and the soil type was clay loam.
Chemical analysis of soil was pH 8.4, 87.9 (ppm) available N, 26.2 (ppm)
available P as well as 85.2 (ppm) available K. Seeds of tomato (Lycopersicon
esculentum, Mill.) cv. Super Strain B in the two early summer seasons were
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sown on 2™ and 6™ of January in 2002 and 2003, respectively. Whereas, the
seeds of the same cultivar of the two late summer seasons were sown on 7™
and 31 of April and March in 2002 and 2003, respectively in plant seedling
trays (84 celi) filled with mixture of peat-moss and vermiculite (1:1) by volume
in the unheated greenhouse conditions. Thereafter tomato seedlings of the
early summer seasons were transplanted on 17" and 23" of February, in the

1* and 2™ season, respectively. The tomato seedlmgs of the two Iate
summer seasons were transplanted on 15™ and 5 May in the 1% and 2™
season, respectively. Each plot measured 16 m? (the plot consists of four
rows each row was 1m wide and 4 m long). The two rows in the middle were
used for growth data collection and the other two rows were sampled for fruit
yield harvest, with a spacing of 30 cm between plants. Common culturai
practices concerning tomato production such as surface irrigation, fertilization
as well as pest management were conducted whenever were necessary as
recommended by the Egyptian Ministry of Agriculture and Land Reclamation.
The meteorological data during the two growing seasons of this work are
shown in Table (1).

Table 1: Meteorological data of Qalubia governorate region during the
early and late summer seasons, 2002 and 2003.

First season 2002 Second season 2003
Month Temperature °C Relativenll;l)umidity Temperature °C Relatiw(enll;l)umidity
Maximum|Minimum! Maximum|Minimum|Maximum | Minimum | Maximum | Minimum

Jan. 19 9 81 39 21 10 85 39
Fab. 16 4 79 39 22 10 84 40
Mar. 21 ] g7 49 24 11 88 48
Apr. 30 15 84 36 31 16 86 36
May 33 16 82 31 34 18 B4 31
June 34 18 78 37 35 21 85 33
July 35 21 | 86 3 36 22 | 87 32

Tomato plants were sprayed with Biomagic® starting from 15 days after
transplanting (D. A. T.) in the two early summer seasons and periodically

each 15 days intervals eight times, while was started from 10 D. A. T. in the
two late summer seasons, each 10 days intervals for until the end of the
season seven times. The composition of B:omagrc was as follow. amino
acids (1.907 %), vitamins (0.038 %), macro and micro-elements and pH 5.5
according to El- Sibaie (1995). Btomaglc was used at the rate of 7.5 g/l.
Yeast (Foliar), Yeast (Soil) and Yeast (Foliar + Scil) treatments were started
with Baker's Yeast solution after 15 D. A. T. in the two early summer seasons
and periodically each 15 days intervals for four times, whereas started after
10 D. A T. in the two late summer seasons, 10 days intervals for four times.
The composition of Baker's Yeast solution (Saccharomyces cerevisiae) was
as follow: protein 47%, carbohydrates 33%, nucleic acid 8%, lipids 4%,
minerals 8% and vitamins according to Nagodawnhana (1991). Baker's Yeast
solution was used at the concentration of 10%10° cells /I. Acadian Seapiants®
(liguid Seaweed concentrate) was used for eight and seven times in the two
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early and late summer seasons, respectively. Acadian is derived from fresh

Ascophyllum nodosum Seaweed harvested from the North Atlantic coastal
waters of Nova Scotia, Canada. It contains a natural storehouse of major and
minor nutrients, carbohydrates, amino acids and naturally plant growth
promoting substances. The first foliar application began when the plant
reached 15-20 cm height, second foliar application was applied at first pre—
bloom, third foliar application was applied at first fruit set and the last four -
foliar applications were applied each 48 hours of each picking. Acadian
Seaplants® was used at the rate of 1 I/ feddan. The Foliafeed fertilizer (D)°
contained Fe 3.00%, Mn 5.00%, Zn 7.00%, Cu 0.5%, B 0.5%, Mo 0.62% and
Mg 0.5% (16.52 % trace elements). Foliafeed (D)® was used at the rate of
0.625 g/ |. The composition of compound fertilizer was N 25%, KO 17%,
P20Os 3%, Mg 1.5%, Zn 0.03%, Cu 0.001% and Mn 0.001 %. Compound
fertilizer was used at the rate of 5 g/ |. Diamine putrescine was applied at the
rate of 1 mg/l, Silicon's powder [a raw silicon (unadulterated sand)] washed
by a dilute hydrochloric acid at the concentration of 5%, followed by washing
with a distilled water, then dried, crushed and sifted through a sieve (hole
diameter = 56 um). The fine sand was used at the rate of 1 g/l. Sodium meta
silicate (Na,Si0O;5H.0) was a%plied at the rate of 1 g/! only at the 2™ season.

Regarding, Foliafeed (D), compound fertilizer, putrescine, raw silicon
and sodium meta silicate were applied for three times, from 15 D. A. T. and
then after each 30 days in the two early summer seasons, while spraying was
started after 10 D. A. T. and then after each 20 days, for two times in the two
late summer seasons. The control treatment was sprayed with water. All
chemicals were delivered in fine mist using hand pressure sprayer equipped
with a fine nozzle.

The treatments of the experiments were arranged in a randomized
complete block design and three repiicates for each treatment were randomly
distributed. Each replicate was represented by two plants which were taken
randomily in early and late summer seasons at two vegetative growth periods,
i.e. 60 and 90 D. A. T. in the two early summer seasons and at 40 and 70 D.
A. T. in the two late summer seasons. For each sample, ihe following growth
characters were measured: Plant height {cm), number of branches, number
of leaves, dry weights of leaves, stems and roots (g).

The flowering characters were recorded: number of days required for
flowering of 50 % of tomato plants from transpianting, number of clusters
(were counted after 60 and 80 D. A. T. in the two early summer seasons and
at 40 and 70 D. A. T. in the two late summer seasons) as well as fruit set
percentage of the first three clusters after 90 D. A. T. in the two early summer
seasons and 70 D. A. T. in the two late summer seasons using the following
equation.

No. of fruit set / cluster
Fruit set % = x 100
Total No. of flowers / cluster

Yield and its components were recorded: as follows early yield of fruits
expressed as sum of weight for the first three harvesting in the early summer
seasons and sum of the first two harvesting in the two late summer seasons
(ton/feddan), marketable yield of fruits (included only good fruits, ton/feddan),
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non-marketable yield of fruit (included fruits having blossom-end rot as a
physiological disorder disease, ton/feddan) as well as total yield (fruits of all
harvesting, ton/feddan).

For average fruit weight (g), ten fruits were randomly sampled at the red ripe
stage of fresh fruits for each replicate at the 3™ harvest in the two early
summer seasons. Meanwhile, five fruits for each replicate were sampled at
the 2™ harvest in the two late summer seasons. Total sugars composition
was determined in leaves and fruit calorimetrically, using Sequoia- turner
Mode! 340 Spectrophotometer at 490 n. m. using phenols sulphuric acid-
method according to Dubois et al (1956). The content of total sugar
calculated and expressed as mg/ g dry weight. Determination of total amino
acids composition of tomato plants leaves (g /100 g dry weight sample) usin
HPLC-Pico-Tag method as described by Cohen et al. (1589) in the 2
sample of the 2™ season of the early and late summer seasons. All data were
subjected to the statistical analysis of variance and treatment means were
compared according to the Least Significant Differences (L. S. D. 0.05) test
method as described by Snedecor and Cochran (1980).

RESULTS AND DISCUSSION

1- Vegetative growth characters:
Results of the two early summer seasons:

Data in Tables 2 and 3 revealed that, all applied treatments LBiomagic”;
Yeast (foliar), Yeast (soil), Yeast (foliar+soil}, Acadian Seaplants”, Foliafeed
D®, the trial (experimental) compound fertilizer, putrescine, silicon's powder
as well as sodium meta siticate] used in the two successive early summer
seasons as weli as various ages of samples, i.e. 60 and 90 D. A. T. recorded
significant increases on the most of the studied different vegetative growth
characters, i.e. plant height, number of branches and leaves, dry weights of
leaves, stems and roots with some  exceptions.

These results are in agreement with those obtained by Abedel-Aziz
(1997) working on tomato and spraying with Baker's Yeast solution as well as
Ismail (2002) working on pea and spraying with Biomagic®. Many
investigators reporied that Biomagic‘”, Baker's Yeast solution as well as
Acadian Seapiants®, played an important reguiatory role in plant growth,
development as well as yield and its components. The promotive effects of
Yeast may be due to their ability to secrete amino acids and cytokinins as
well as vitamin B-complex and released CO; which improved net
photosynthesis (Larson et al, 1962 and Idso el al, 1995). Additionally it
contains IAA, GAs and cytokinins (Fletcher and Mcullagh, 1986). The positive
stimulatory effects of using Baker's Yeast solution might be due to that Yeast
as a source of cytokinins (Skoog and Miller, 1957) delaying the degradation
of chlorophyll via the inhibition of chlorophyllase (Ben, 1986). Additionally,
Yeast which a natural source of cytokinins might enhance cell division, cell
enlargement, the extension of leaf surface area as well as the accumulation
of soiuble metabolites as mentioned by Muller and Leopoled (1966).
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Table (2} ; Effect of different treatments on plant height (cm), number of
branches and leaves of tomato plants during 2002 and 2003

seasons.
First season 2002 I Second season 2003
Early | Late | Early | Late
Treatments Days after transplanting
50 | 0 | 40 | 70 [ e | 90 [ 40 [ 70
Plant height {cm

Control 32.8 4480 31.8 61.3 35.7 48.2 33.00 58.5
iomagic™ 39.0 52.0 40.0 59.2 432 55.0 283 60.8
lYeast (Foliar) 355 | 480 36.5 57.7 38.0 48.8 34.0 58.5
lYeast (Scil) 37.7 49.5 35.7 60.8 38.3 50.7 36.0 60.3
[Yeast {Foiiar + Soil) 40.2 51.7 38.0 58.0 40.7 53.3 39.0 59.3
cadian 36.2 50.8 37.8 66.7 41.0 52.5 36.5 63.5
oliafeed (D}” 38.2 50.5 36.8 61.7 40.0 50.8 41.3 85.5
IComp. fertilizer 363 [ 483 358 57.0 38.2 51.7 37.5 60.5
Putrescine 34.7 46.7 35.8 80.2 38.3 51.0 36.5 61.5
ilicon 35.0 48.3 36.5 58.3 37.3 50.3 35.0 59.0
ium meta silicate —eaen —anmm e P 36.5 48.5 31.5 60.0
L.5.D.(0.05) 2.9 4.30 N.S. N.S. 3.10 4.30 3.67 N.S.

Number of branches

Controi 5.2 6.5 4.8 8.2 6.0 7.5 6.5 9.5
Biomagic' 7.0 9.3 7.2 9.7 8.3 10.3 8.3 11.0

'Yeast (Folian 6.2 7.5 6.7 8.7 - 6.8 9.0 7.0 9.8
'Yeast (Soil) 6.7 8.0 5.7 9.3 7.0 93 7.5 10.8
[Yeast (Faliar + Soil) 6.3 8.7 6.7 9.0 7.5 9.6 78 10.3
IAcadian® 6.3 8.5 6.8 8.7 7.5 9.2 6.8 10.0
Foliafeed !D)' 6.0 7.8 7.0 9,2 7.0 9.2 8.0 11.0
Comp. Fertilizer 57 7.8 6.2 9.2 7.3 9.5 7.0 10.0
FPutrescine 5.8 8.3 6.0 8.8 7.0 9.3 7.5 10.0

Silicon 5.5 7.0 6.3 7.5 85 8.5 B.5 2.0
Sodium meta stlicate — - P e 6.8 83 &5 9.0
L.S. D (005 0. (.93 1.30 N.S. N.5. 1.35 0.91 1.32

Number of leaves
IControl 323 47.2 27.2 83.0 39.7 51.8 303 B3.0

Biomagic™ 43.2 69.2 8.0 90.3 540 75.7 38.3 111.0
lYeast (Foliar) 35.3 55.0 28.3 85.0 42.5 58.7 27.8 89.0
[¥east (Soil) 38.8 59.7 32.8 102.8 47.2 623 35.5 114.0
[Yeast (Foliar + Soil) 40.5 61.5 31.3 104.3 44 8 58.8 35.0 1203
Acadian® 8.7 57.3] 36.2 83.3 50.0 65.0 33.0 92.0
Foliafeed (D)ur 35.8 52.8 M2 70.8 46.3 681.0 41.0 101.0
Comp. Fertilizer 373 560 29.5 79.5 487 63.8 33.5 91.5
Putrescine 34.2) 553 27.3 778 447 59.8 35.5 106.0
Bilicon 33.7 51.2 31.7 718 | 433 £7.2 32.9 85.3
Sodium meta silicate e e | 417 55.5 31.3 89.0
L S D.{0.03 3.90 6.28 6.68 NS. | 522 | 1M1 4.42 22.70

Furthermore, the effects of cgtokinin gibberellins and indole acetic acid
as main components of Biomagic™, Baker's Yeast sciution as well as Acadian
Seaplants on growth characters, are in accordance with those reported by
Shehata (1990) working on tomato. In this connection, Evenari (1984) proved
that cytokinins may influence the movement of metabolites in plant
Moreover, the favorable effects of vitamins as a main content of Biomagic®
and Bakers Yeast sclution on enhancing different vegetative growth
characters, Radzevicius and Bluzmanas (1975) were reported similar results
on tomato sprayed with thiamine or nicetinic acid as well as Bhardwaj and
Rai (1987) working on cucumber sprayed with vitamin B complex. in this
connection, Kodandaramaiah and Rao (1985) suggested that vitamins B
complex participated indirectly in plant growth and development by enhancing
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the endogenous levels of various growth factors such as cytokinins and
gibberellin. No doubt that ali these components of Baker's Yeast led together
to this stimulative effect on different vegetative growth characters of tomato
plant, because they are essential for plant growth. In this respect, Zodape
(2001) mentioned that seaweed extracts enhanced plant nutrients uptake,
increase plant resistance against frost and fungal diseases, effective for
ripening of fruits, increase shelf-life of the product and are an excellent soil
conditioner. In addition, it is worth here to mention that Buomaglc Baker's
Yeast solution and Acadian Seaplants® are safe for environment to get lower
chemical pollution effects, Also, these natural compounds reduced soil
salinity via decrease using of mineral fertilization.
Table {3): Effect of different treatments on the dry weight of leaves,
stems and roots (g) of tomato plants during 2002 and 2003

seasons.
]_Fimt season 2002 .‘.‘lnecond se]ml 2003
Early | Late | Early | Late Early Late Early | Late
Treatments Days after transplanting
60 90 | 40 | 7 e0 | 90 | a0 [ 70
Dry weight of leaves
Control 16.2 39.7 6.7 37.8 227 47.8 10.0 43.8
Biomagic" 271 62.1 11.4 46.8 32.7 75.1 16.5 56.4
Yeast (Follar) 23.0 49.3 9.5 40.7 27.0 61.0 10.7 49.8
Yeast {Soil) 23.4 53.8 10.9 50.9 30.1 87.8 12.9 56.0
Yeast (Foliar + Soil) 26.4 64.3 10.5 46,9 359 79.1 14.8 59.8
Acadian” 254 58.8 10.9 44.4 335 71.8 13.0 55.5
Foliafeed (D)¥ 224 458.8 11.4 38.1 293 64.6° 18.0 60.5
Comp. fertilizer] 25.7 524 77 38.8 31.0 68.3 15.3 54.0
Putrescine 18.3 50.8 10.8 38.9 26.1 56.7 14.8 56.2
Silicon 17.3 46.5 10.0 31.2 246 58.7 1.1 41.7
Sodium meta sllicate — — — e 255 54.4 11.2 44.7
L.S. D. {005 2.9 5.14 N.S. N.S. 360 6.90 3.41 MN.S.
Dry weight of stems
Control 55 130 3.0 28.2 7.3 6.2 4.3 27.8
Biomagic” 93 21.9 5.1 35.8 12.3 29.6 6.9 33.8
Yeast (Foliar} 6.6 15.6 4.2 32.3 8.8 23.2 4.8 28.4
Yeast (Soil) a2 18.0 54 34.7 11.4 26.6 6.1 35.3
Yeast {Foliar + Sail) 8.9 20.7 4.1 32 1.7 27.8 6.3 34.5
Acadian” 8.0 18.1 5.1 35.3 11.5 29.0 57 32.2
Foliafeed_(g}' 7.2 15.3 4.8 270 9.7 249 8.7 33.2
Comp. Fertilizer 8.8 18.9 42 228 10.7 276 5.8 29.9
Putrescine 6.3 16.5 4.2 26.0 9.4 25.4 6.2 2.0
Silicon 6.2 15.7 4.5 25.1 8.5 21.5 5.1 28.6
Sodium meta silicate — — —— — 8.8 19.3 5.6 28.8
L.S.D.(0.05)[ 1.08 2.15 1.07 N.S. 1.80 2.85 1.13 3.8
Dry weight of roots

Control 2.3 5.3 1.6 6.0 3.0 6.1 2.0 6.1

Biomagic" 3.9 7.2 2.2 7.3 4.6 8.1 2.6 7.6

Yeast (Foliar) 3.0 5.6 1.8 6.3 38 65 22 6.7
Yeast (Soil) 39 66 2.1 7.8 45 7.4 25 7.8

Yeast (Foliar + Soll) 3.7 7.2 1.8 7.0 4.0 8.5 3.0 7.4

Acadlan® 35 6.5 22 6.8 4.3 7.7 23 7.1

Foliafeed (D)" 31 5.7 2.0 7.0 39 7.4 2.9 7.5

Comp. fertilizer 34 58 1.7 6.6 4.6 7.7 2.4 7.0

Putrescine 2.8 6.2 1.9 7.2 3.9 7.5 27 7.8

Silicon 2.8 6.0 1.9 6.0 3.5 7.2 2.2 6.7

Sodium meta sllicate | —— — —_— — 3.7 6.9 2.0 8.6
L.S.D- (0.0 5} 0.61 0.62 N.S. N.S. 0.59 0.74 0.44 N.S.
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Furthermore, the promoting effects of Foliafeed (D)® (as micro-
elements fertilizer) and compound fertilizer treatments (as macro and micro-
elements fertilizer) on vegetative growth characters were similar to that
obtained by Hamsaveni et al. (2003) working on tomato as well as Gharibe
and Hanafy Ahmed (2005) working on pea plants. In this regard, it can be
suggested that the positive effect of different micro nutrients on growth and ..
yield of tomato plants may be relevant to the enzymatic system catalayzing
numerous metabotlic reactions as well as through the improvement of the
nutritive status of treated plants.

The stimulutive effects induced by putrescine foliar application on
most of the studied vegetative growth characters, were similar to that
obtained by Taiaat {2003) working on sweet pepper and Gharibe and Hanafy
Ahmed (2005) working on pea. In this respect, Tiburcio et al (1993)
postulated that putrescine and polyamines (Spermidine and Spermine) are
essential for cell growth and may serve as intermediates in cellular to the
growth factors. Moreover, they described polyamines as plant growth
substances with a wide range of actions. Their mechanism of actions is
related to bindings with nucleic acids and probably with membranes.

The favorable effects of silicon foliar application treatments (silicon's
powder and sodium meta silicate) on vegetative growth characters, were in
agreement with those finding by Miyake and Takahashi (1978) working on
tomato as well as Lee ef af (2000} working on cucumber. In this concern,
Aleshine ef al. (1989) working on rice, menticned that silicon stabilized
metabolic processes in chloroplasts and participated in regulation of alf 3
types of phosphorylation. Moreover, Agrie et al (1892) working on rice
reported that silicon reduced transpiration and increased water use efficiency
in Jeaves, which in turn reduced the decline in photosynthesis and chlorophyll
detraction in older leaves. Also, it was postulated that silicon decreased the
mutual shading by improving leaf erectness, decreasing susceptibility to
lodging, decreasing the incidence of infections with root parasites and
pathogens, leaf pathogens and preventing manganese or iron toxicity or both.
Other beneficial effects of silicon application were found by reducing water
loss by stomatal transpiration as well as decreased the nonstomatal
transpiration (Marschner, 1995). Liang et al. (1996) pointed out that silicon
treatment increased CO; assimilation of barley leaves.

Results of the two late summer seasons:

Under the heat stress conditions, the data in Tables 2 and 3 revealed that
all applied treatments during the two late summer season as well as through
both samples ages, i.e. 40 and 70 D. A. T. recorded significant increases on
the most of the studied different vegetative growth characters, {plant height,
number of branches and leaves, dry weights of leaves, stems and roots), with
some exceptions. Similar results were obtained by Titov et al. (1986} working
on tomato. In this regard, heat stress severely affects photosynthesis,
carbohydrates through depletion in respiration, protein breakdown and
denaturation, nutritional and hormonal imbalances, enzyme inactivation,
disturbances in membrane structure and function and restriction of stomatal
function (Dubey, 1984). On the other hand, Biomagic®, Yeast as well as
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Acadian Seaplants® as natural organic-biofertilizer have useful stimulatory
and protective functions especially when its are applied on vegetative growth
during stressful condition and this could be due to their contents from
hormones {cytokinins, auxins and gibberellins}, sugars, amino acids, nucleic
acids, protein, phospholipids, vitamins and minerals, thereby it can accelerate
cell division and enlargement. Also, it enhances nucleic acids, proteins and
chlorophyll synthesis, promotes the formation of flower primordia and
improves fruit setting percent. it can induce thermotolerance due to its
content of heat shock proteins (HSPs) (Weiderrecht et al., 1988). Exogenous
application of benzyladenine (cytokinin} could overcome the effects of heat
stress and enhanced photosynthesis and chlorophyll production. In the case
of heat stressed green plants, cytokinin level becomes limiting and this was
associated with reductions in photosynthetic activity, chlorophy!l production
and chloroplast development. The ability to reverse these processes in both
green and eticlated tissues by applied cytokinins suggests an important role
for cytokinins in chloroplast morphogenesis which is thermally controfied
(Cheikh and Jones, 1894).

Moreover, Norrie and Hiltz (1999) reported that the beneficial effects of
Seaweed extract derived from Ascophyllum nodosum, are attributed to the
presence of patural plant growth regulators {cytokinins and auxins) as well as
other plant biostimulants (betaines, polyamines, oligosaccharides) which can
improve plant resistance and tolerance to environmental stresses, disease
and insect. In addition, Fathy and Farid (2000) pointed out that spraying
tomato plants with Yeast preparation at concentration of (50 mlf) at 15, 30
and 45 days after transplanting, increased total dry weights (g) and leaf area
(cm )} per plant under heat stress conditions when compared to the control
{untreated plants).

Furthermore, the resuits revealed that, vegetative growth characters of
tomato plants treated with foliar fertilizer of Foliafeed D® was the superior
treatment recorded under the conditions of the heat stress. Similar results
concerning the favorable effects of macro and micro elements under heat
stress on vegetative growth characters were obtained with Fathy and Farid
{2000) working on tomato as well as Wei et al. {(2004) working on maize.

Concerning the favorable effects of putrescine treatment under the
conditions of heat stress on vegetative growth characters of tomato plants,
Galston and Kaur-Sawhney (1990} mentioned that in cereals the main
precursor of polyamines biosynthesis is the amino acid arginine and
polyamines biosynthesis is rapidly increased under a range of environmental
stresses, i.e. drought, heat and salinity in particular. Murkowski (2001) cited
that exogenous application of 4 mM spermidine of two tomato cultivars, Robin
(heat — tolerant) and Roma (heat — sensitive) improved the plant heat —
resistance in both cultivars and especially in Roma.

Concerning the favorable effects of silicon foliar application on the most of
the studied different vegetative growth characters under heat stress, Hattori
et al. (2005) suggested that silicon application may be useful to drought
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tolerance of Sorghum [Sorghum biocolor, (L.) Moench] via the enhancement
of water uptake ability.

2- Flowering characters:
Results of the two early summer seasons:

The results of flowering characters presented m Table (4) indicated that,
in all examined samples the treatments of Biomagic®, silicon's powder as well
as compound fertilizer resulted in significant decreases in the number of days
required for flowering of 50 % of tomato plants in the first early season but in
the second one, all the examined treatments showed non-significant effect on
this character.

Table (4): Effect of different treatments on 50 % flowering, number of
clusters/ plant and fruit set percentage (%) of tomato plants
during 2002 and 2003 seasons.

First season 2002

Flowering 50 % Number of clusters/plant Fruit set
Percentage (%)
Treatments Early l Late Early [ Late
Early | Late Days after trangplanting
60 90 40 70 90 70

Control 343 19.0 6.8 17.3 4.3 39.0 70.4 17.4
Biomag_iE' 30.0 18.7 9.7 237 7.3 50.8 85.3 21.8
Yeast (Foliar) 3.7 19.3 8.2 20.2 6.2 40.8 74.8 16.7
[Yeast {Soil) 33.3 19.0 9.5 21.0 6.7 42.4 82.9 19.7
Yeau_(Fohar +Soil)[ 333 20.0 9.0 225 6.2 43.8 86.8 19.0
Acadian 33.3 21.7 9.2 21.0 7.2 40.5 84.7 18.5
Foliafeed (D)™ 33.0 | 19.0 | 93 | 208 | 67 | 408 | B1.3 | 21.7
ICompound fertilizer 327 213 9.0 20.0 5.8 40.7 81.8 18.5
Putrescine 33.7 19.0 8.7 19.2 5.3 42.0 77.5 223
Silicon 32.3 22.0 8.0 19.8 6.2 333 84.3 14.6

Sodium meta silicate — — e — - o - e
LS D.(005)) 14 N.S. 11 2.8 1.8 8.1 5.7 39

Second season 2003

Control 298 | 223 | 85 | 198 ] 63 | 425 | 744 | 207
Biomagic” 263 | 210 | 122 | 272 | 88 | 488 [ 863 | 282
[Yeast (Foliar) 200 | 240 | 103 | 228 | 65 | 40.8 | 78.7 | 207
Yeast (Soil) 280 | 223 | 115 | 250 | 7.8 | 445 | 834 | 250
Yeast (Foliar+ Soil)| 287 | 230 | 117 | 262 | 85 | 460 | 883 | 26.3
Acadian®_ ) 277 1220 | 118 ] 252 | 73 | 458 | 846 | 258
Foliafeed (D)” 283 | 217 [ 123 ] 248 | 93 | 470 | 835 | 290
ompound fertilizer 277 23.7 11.7 23.0 7.0 45.5 82.6 24.4
Putrescine 203 | 220 | 110 | 238 | 85 | 485 | 80.0 | 30.8
Siticon 28.0 | 250 | 10.2 | 222 | 6.8 | 405 | 852 | 239
Sodium meta silicate 207 | 250 | 107 } 220 | 73 ! 415 | 793 [ 225
L.S.D.{0.050 NS. [ NS | 20 3.4 12 38 3.7 4.1

As shown in the same Table, there is a gradual increase in the average
number of clusters/ plant from 60 to 90 D. A. T. The superior treatments in
induction higher number of clusters were achleved by treating tomato plants
with Yeast (foliar+soil) as well as Biomagic® treatments. Most of the
treatments also, showed significantly increased in the number of clusters/
plant with some exculpations. Concerning the fruit set (%), the results
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revealed that significant increases were recorded by tomato plant treated wrth
all studied treatments, with the exception of Yeast (foliar) treatment in the 1%
early summer season. The most active treatments on fruit set percentage
were reoorded by Yeast (foliar+scil) followed by foliar application of
Biomagfc as compared to the control (untreated plants).

The favorable effects of Yeast, Blomag:c as well as Acadian Seaplants°
treatments on flowering characters may be due to the enhancing effect of
these compounds on hormones and vitamins productions, which indirectly
improve flowering. Similar results were reported by Abedel-Aziz (1997) as
well as El-Ghamriny et al. (1999) working on tomato. They mentioned that
spraying Baker's Yeast solution significantly increased fruit set (%). In this
connection, Bisaria and Rastogi {1988) reported that kinetin enhanced
flowering in tomato plants. Mashev ef al (1980) and Kinet and Leonard
{1983} pointed out that cytokinin improved the inflorescence and early flowers
of tomato. Mapelli et al. (1979) recorded that GA; application promotes
anther development and increase the amount of viable pollen of tomato.
Poincelot (1994) used a 1% solution of ROOT PLUS (a commerciai product
containing seaweed (Ascophyllum nodosum) extract) increased number of
flowers in Cosmos sp. cv. Sunny Red by 201% and flowering occurred 7 days
earlier as compared with the control untreated plants. Helal ef al. (2005)
working on pea mentioned that foliar spray with vitamin B, showed the
earliest flowering when compared with untreated control.

In this respect, Hanafy Ahmed et a/. (1995) mentioned that high values of
reducing sugars and free GA; may play a role in enhancing early flowering
initiation of globe artichoke plants.

The favorable effects of Foliafeed (D) and compound fertilizer treatments
on flowering characters, were strongly confirmed by Agwah and Mahmoud
(1994) working on tomato. In this connection, Hanafy Ahmed ef al. (1996)
working on Vicia faba recorded that, boron and manganese foliar applications
resulted in an early flowering and increased the percentage of an
accumulative flowers/ ptant. Boron also, affected fertilization by increasing the
pollen producing capacity of the anthers and pollen grain viability (Agarwala
et al., 1981). Indirect effects might also, be considered such as increase in
amount and composition of sugar in the nectar, whereby the flowers that rely
on pollinating insects become more attractive to insects (Eriksson, 1979).
Moreover, Hanafy Ahmed et al. (1995) postulated that early flowering and

_heading of globe artichoke might be attributed to many metabolic and
physiological processes, among which minerals uptake and phytohormones
balance. Ghanbe and Hanafy Ahmed (2005) reported that pea was sprayed
with Foliafeed D® caused significant decrease in the number of days for
anthesis comparing with the controf untreated plants.

The favorable effects of putrescine treatment on flowering characters, are
in agreement with those reported by Cohen et al. (1982) working on tomato.
in this concern, Crlsosto et al. (1988) working on “Comice” pears recorded
that putrescine at 10™ M improve pear fruit set, by delaying senescence of the
ovules and enhancing pollen germination and fertilization by two days as well
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as increase floral cluster numbers. Moreover, Raina et ai (1983) pointed that
polyamine levels are high during the onset of fruit development, as compared
with other stages of fruit development, or even with other actively dividing
plant structures. For instance, total polyamine levels found in tomato fruits at
fruit set are close to 10* nmolf g fresh weight (free and conjugated). High
polyamine levels at full anthesis have been reported in apples. Furthermore,
Orazi and Bangni (1987} postulated that putrescine increased nitrogen levels
in the flowers but not in leaves of pears. They reported that the application of
nitrogen to apples before anthesis improves fruits set.

In this respect, Bagni and Bellini (1982) suggested that the effect of
exogenous polyamines on fruit set might be nonspecific and might merely
serve as an exogenous nitrogen source. N and B levels can increase after
putrescine application in flower tissue, 12 days after anthesis and may
increase the rate of pollen tube growth in the styles of pear ovaries

In this regard, Galston et al. {1994) proved that increase in putrescine
immediately preceded the activation of cell division in meristems passing
from the vegetative to the floral stage. Moreover, Lui ef al. (2003) suggested
that fruit set increased by pre — bloom putrescine spray in litchi which
associated with the decrease of ethylene release in the ovaries and extended
pistil receptivity.

The effects of silicon on improving flowering characters are in agreement
with those reported by Miyake and Takahashi (1878) working on tomato as
well as Lu and Cao {2001) working on melon. In this concern, tomato plants
raised in a silicon-free culture hardly born any fruit. in addition, about 10 % of
the flowers investigated were found to have a part of the anther degenerated.
The fertility of the pollen of a silicon-free cultured plant was markedly lower
than that of a silicon-supplied plant. Abnormal pollen was observed in flowers
of silicon-free cuitured plants (Miyake and Takahashi, 1978). Miyake and
Takahashi (1983) working on cucumber, mentioned that pollen fertility of
silicon-free plants was lower than that of silicon supplied. In addition, Gharibe
and Hanafy Ahmed (2005) working on pea assumed that the application of
silicon meta silicate plays some important roles at the first bud flowering
stage therefore it has some important effects on reprocuction.

Results of the two late summer seasons:

Data in Table 4 revealed that, different studied treatments did not show
any significant decreases in the number of days required for flowering of 50
% of tomato plants when compared to the control (untreated plants) in the
two late summer seasons. Moreover, the number of ciustersl plant
significantly increased at 40 D. A. T. as a result of Biomagic®, Yeast (soil),
Yeast (foliar+soil), Foliafeed (D) or putrescine apphcahon in both late
summer seasons. Application of Acadian Seaplants® or Yeast (fohar)
treatments produced significant increases in the number of clusters in the 1%
sample (40 D. A. T.) of the first season.

Moreover, it couid be noticed from the same Table that, a dramatic
increase in the average number of clusters at 70 D. A. T. under the conditions
of the heat stress were recorded, spec1ally when compared with the two early
summer seasons, by Biomagic® treatment in both late summer seasons.
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Foliafeed (D)® as weil as putrescine treatments recorded significant i increases
in the average number of clusters/ tomato plant at 70 D. A. T. of the 2™
season.

In addition, significant mcreases in fruit set percentage were recorded by
the plants treated with Biomagic®, Foliafeed (D)® as well as putrescine
treatments at 70 D. A T. in both late summer seasons. Whereas, tomato
treated plants with Yeast (soil), Yeast (foliar+scil) as well as ‘Acadian
Seaplants® significantly increased fruit set percentage in the 2" " season when
compared to the control (untreated plants}.

On the other hand, the inhibiting effect induces by heat stress conditions
on flower characters and fruit set (%) under late summer season was
reported by many workers. Sato et al. (2000) and Pressman et al. (2002) they
reported that high temperature has been shown to cause a reducing of pollen
viability, abortion of floral buds, flowers and fruit set in tomato fruits.

In this connection, Stevens and Rick (1979) working on tomato mentioned
that temperatures greater than 34/20°C (day/night) or a period of four hours
at 40°C will cause blossom drop in most of plants. In addition, another factor
limiting fruit set at high temperatures is style elongation, which results in
stigma exsertion through the antheridial cone. When stigma exsertion occurs,
normal fertilization is prevented and flower usually drops. Song et al. (1999)
working on tomato recorded that pollen germination in vitro are significantly
inhibited at 33°C and 35°C but not at 25°C. In this context, reduced fruit set at
high temperature has been associated with decreased concentrations of
proline accumulated in polien grains which is necessary for pollen
development during microsporogenesis (Mutters ef a/, 1989) and reducing
sugars in flower buds and flowers of pepper, {Aloni ef al, 1991) and
increased ethylene production (Aloni et al, 1994). Moreover, Ami and
Markhart (2001) pointed out that carbon assimilation may play an important
role in flower bud and flower abscission. They suggested that inhibition of fruit
set at high temperature is most likely to a direct effect of high temperature on
flower development and perhaps fertilization.

Furthermore, Pressman et al. (2002) assumed that continuous exposure
of tomato ‘Trust’ to high temperatures (day /night temperature of 32/26°C)
markedly reduced the number of pollen grains per flower and decreased
polien viability. The effect of heat stress on pollen viability was associated
with alterations in carbohydrate metabolism in various parts of the anther
during its development.

The enhancmg effects of Biomagic®, Yeast as well as Acadian
Seaplants treatments on flowering characters under heat stress conditions
may be due to the enhancing effects of these compounds on hormones and
vitamins productions in plant, which indirectly implicating on improving
flowering and fruit set percentage. (Satti and Oebker, 1986 working on
tomats). In this context, high temperatures reduce auxin content in
developing tomato fruit (lwahori, 1967) and increase absicisic acid levels in
tomato shoots (Daie and Campbell, 1981). Furthermcre, Rao and Narayanan
(1997) suggested that high temperatures caused reductions in tomato fruit
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set and it has been demonstrated that exogenous applications of 1AA can
improve fruit set under high-temperature stress. Also, high auxin ievels may
prevent the abscission of newly set fruit at high temperatures and thus, may
be an important component of heat tolerance.

Concerning the enhancement effects of Foliafeed D® and compound
fertilizer treatments on flower characters under conditions of heat stress,
Fathy and Farid (2000) working on tomato plants pointed out that spraying
chelated micro-elements compound fertilizer increased fruit set (%) of the
plants grown under heat stress conditions when compared to the control
untreated plants.

Moreover, Sharma et al., 1990 working on maize mentioned that in zinc
deficiency prior to microsporogenesis did not significantly affect vegetative
growth and ovule fertility but decreased pollen viability and cob dry weight by
about 75 % in Zn-deficient plant, anther development is delayed and fewer
and smaller pollen grains are produced with very low germination rates.

The enhancement effects of putrescine foliar application at concentration
of 1 mg /. under the adverse conditions of heat stress prevailing in the two
late summer seasons on flower characters and fruit set (%) are in agreement
with those reported by Song et al. (1999) working on tomato. They pointed
out that polyamines ameliorating the adverse effects of high temperature on
pollen. Pollen germination and tube growth /n witro were significantly inhibited
at 33°C and 35°C than those at 25°C. The inhibition was reversed by the
addition of spermidine or spermine to the germination medium. Also, they
mentioned that polyamines can counteract the inhibitory effects of high
temperature on pollen germination. They also. suggested that the
endogenous concentration of polyamines in germinating pollen grains is an
important factor for pollen germinability at high temperature. Mareover, Miao
and Cao (2002} postulated that putrescine, spermidine and spermine
contents were decreased and proline content increased when cucumber
pollen germinated under high temperature (35°C). This might indicate that
polyamine and proline might play a key role in cucumber anther development
and pollen germination.

Regarding the favorable effects of silicon foiiar application on flower
characters under the adverse conditions of heat stress. Pershin ef al. (1995)
mentioned that during the reproductive stage, silicon is perennially
transported into the flag leaves of rice and interruption of silicon supply at this
stage is detrimental for spikelet fertility.
3-Yield and its components:

Results of the two early summer seasons:

Data presented in Table 5, revealed that ali applied treatments
significantly increased the early tomato yield, with the exception of Yeast
{foliar) and putrescine treatments in both early summer seasons. The best
treatments for production of higher tomato yield were recorded by Bic;magic®
followed by silicon's powder application.

It was evident from the Table 5 that, all the studied treatments
significantly produced higher marketable and total tomato yield as compared
with the control (untreated plants). The most effective treatments were
obtained by Yeast (foliar+soil) and Biomagic®. Putrescine showed non-
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significant increase on marketable and total tomato yield of the 1* season as
well as sodium meta silicate treatment in the 2™ one. However, Yeast (foliar)
treatment showed non-significant increase on marketable and total tomato
yield in both early summer seasons. However, all applied treatments
significantly decreased the values of the non-marketable tomato yield in
which tomato fruits were infected with blossom-end rot disease in both early
summer seasons, while treated tomato plants with silicon's powder recorded
significant and non-significant decrease in the non-marketable tomato yieid,
in the lwo successive seasons, respectively. Data presented in the same
Table recorded that, ali different treatments showed significant increases in
the average of fruit weights (g) with some exceptions when compared {o the
control (untreated plants).
Table(5):Effect of some different treatments on yield and its components [early,
marketable, non-marketable, total yield {tonffed.} and fruit weight {g}]
of tomato plants during 2002 and 2003 seasons.

First season 2002
Early Late
Early | Marketa| Non- Tota) Fruit Early | Marketa | Non- Total Fruit
[Treatments . yiold |bie yield| Marketa| yield | weight | yieid [ble yield| Marketa | yield | weight
(tonvted.)|{tonffed.)|bie yield]{tonied)| (g) |{tonsfed.)j{ton/ed.) ble yvield | (torvfed) |  (g)
(tonffed) (tonffed)
Control .46 15.40 0.56 15.96 | 74.12 0.81 2.61 0.28 2.83 69.72
Biomagic® 4.89 19.73 0.30 20.02 | 95.73 0.40 3.01 0.13 3.14 72.54
[Yeast (Foliar) .71 16.51 0.35 16.86 | 82.43 0.62 213 0.28 2.41 7062
Y east {Soil) 4.32 18.94) 0.20 19.14 | 92.53 0.91 298 0.38 3.38 76.35

;gﬁ?t (Foliar % , . 0 {2070 | 040 | 2110 | 0011 | 08s | 283 | 035 | 318 ! 7448

Acadian® 427 | 1912 | 0.2t | 1934 | 91.38 | 084 | 290 | 030 | 3.20 | 7439
Foliafeed (D)° 400 | 18.01 | 0.18 | 1819 87.80 | 1068 | 330 | G571 | 381 | 72.90
e‘;‘;gggr“"“ 431 | 1751 | 042 | 1782 [ 8650 | 077 | 245 | 050 | 2.95 | 63.65
utrescine 361 | 1675 | 0.27 | 17.02 81.20 | 117 | 343 | 030 | 372 | 7318
ilicon 503 | 18.72 | 048 | 19.19 | 89.60 | 067 | 2.25 | 041 | 266 | 70.60
Sodium mata silicate) — _— —— —— o o —— — ——— —
L.s.D.{005) 0.47 | 140 | 007 | 1.34 | B.76 | 018 | 051 | 0.10 | 055 | N.5.
Second season 2003
Control 386 | 1743 | 063 | 18.068 | 8785 | 001 | 332 | 026 | 357 | 72.86
Biomagic” 587 | 2296 | 039 | 23.35 | 1101 | 1.47 | 492 | 020 | 517 | 82.10
Yeast {Foliar) 415 | 19.12 | 042 | 19.53 | 90.70 | 0B84 | 303 | 025 | 328 | 77.25
Yeast (Soil) 477 | 2091 | 030 | 21.20 | 9511 | 1.21 | 406 | 037 | 443 | 80.96

;g*i’us‘ (Foliar % 465 | 2351 | 048 | 23.98 }105.18 | 130 | 438 | 045 | 483 | 79.61

Acadian® 462 | 2179 | 0.27 | 2205 [10680 | 123 | 422 | 052 | 473 | 8157
Foliafeed (D)° 451 | 20.80 | 0.33 | 21.14 | 9540 | 192 | 517 | 050 | 567 | 83.82
r‘;‘r’;i’l?'g;’:‘"" 496 {2010 | 051 | 2070 [ 9577 | 118 | 392 | 053 | 445 | 7868
Putrescine 432 | 1955 | 049 | 2004 | 9293 | 171 | 518 | 024 | 542 | 84.15
Siticon 561 | 2121 | 057 | 21.78 | 9763 | 1.12 | 366 | 048 | 412 | 76.07

jum meta silicatel 4.61 | 1016 | 040 | 19.65 | 9500 | 0.95 | 3.47 | 0.35 | 3.82 | 77.74
[ L5006 o060 2.06 | 007 | 188 | 745 | 0.30 | 0.71 | 013 | 0.68 | 5.83

In this resgect the favorable effects of Yeast, Biomagic® as well as Acadian

Seaplants™ treatments on yield and its components may be due to their

enhancing effect on hormones and vitamins produced by plants, which

indirectly could improve yield productivity. These results are in harmony with

those reported by Auerswald (1991) as well as Abedel~-Aziz (1897) working

an tomato plants and using Baker's Yeast solution. igbokwe et al. (1990),
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Poincelot (1994) and Csizinszky (1995) working on tomato and using
seaweed extract, as well as Ismail (2002) working on pea piants cv. Victory
Freezer and using Blomag|c°

Moreover, the results of Foliafeed D® and compound fertilizer treatments
(Table 5) on yield and its components are in harmony with that previously
obtained by Hamsaveni et al. (2003} and Paithankar ef al. (2004) working on
tomato as well as Gharibe and Hanafy Ahmed (2005} working on pea. In this
respect, it might be suggested that the beneficial effects of foliar spraying of
macronutrients and micro nutrients on yield and its components might be
attributed to their effect on many metabolic and physiclogical processes,
mineral uptake, phytohormones balance and enzymes activity as well as
through improvement of nutritive status.

in addition, the favorable effects of putrescine foliar application on tomato
yield and its components were similar to that reported by Cohen et al. (1982)
working on tomato and Talaat {2003} working on sweet pepper under both
ngn- saline or saline soil conditions. In this regard, Crisosto et al. {1988)
reported that putrescine was found to improve pears fruit set, delay
senescence of the ovules and enhance pollen germinaticn and fertilization by
two days. Kaur-Sawhney et al. (1990) demonstrated that polyamines seem to
play a regulatory role in morphogenetic processes preceding fruit set; that is,
in the formation of the ﬂowers lannotta ef al. (1996) postulated that
putrescine foliar application at 10 M on olive trees reduced ovary abortion
and improved fruit set.

Concerning the enhancing effects of both silicon forms treatments on
yield and its components, there is a perfect agreement with Chillemi et af.
{1998) working on tomato. Lu and Cac (2001) working on melon as well as
Gharibe and Hanafy Ahmed (2005) working on pea plants. In this respect,
Miyake and Takahashi (1986) postulated that withhoiding silicon supply not
only reduced fruit yield drastically but also, caused malformation of newly
developed ieaves, wilting, premature senescence, impaired pollen viability
and in several cases failure of fruit set. Correspondingiy all of the pervicus
factors increased the yield of tomato fruits.

Results of the two late summer seasons:

Under the heat stress conditions, it is clear from Table (5) that, yield and
its components were dramatically decreased when compared with the results
in the two early summer seasons. Meanwhile, the incidence by blossom-end
rot of tomato fruit disease was increased. Application of outrescine, Foliafeed
(D)® as well as Bnomaglc treatments were successed to increase
significantly the early tomato yield in both seasons However, Yeast (soil),
Yeast (foliar+soil) as well as Acadlan Seaplants® significantly increased early
tomato vield but only in the 2™ season. Moreover, application of putrescine or
Foliafeed (D) treatment significantly enhanced marketable and total tomato
yield in both seasons. The remaining treatments significantly increased
marketable and total tomato yield only the 2™ season with some exceptions.
Moreover, it could be noticed from the Table (5) that, compound fertilizer
treatment showed significantly an increase on marketable tomato yield. Also,
inocufation of Yeast {in the first season), Yeast (foliar+soil} as well as
Acadian Seaplants® treatments (in the second one) significantly increased
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the incidence by biossom-end rot disease of the non-marketable tomato yield.
Treating tomato plants with all considered treatments showed significant
increase in the average of fruit weights of the 2™ season with some
exceptions as compared to the control (untreated plants).

Conceming the effects of heat stress under the conditions of both late
summer seasons on yield and its components of tomato plants, high
temperatures have been reported to limit or prevent production of tomatoes
during the summer in many regions of the world and can depress yields in
principal production areas wherever, days are warmer than 32°C, or nights
are warmer than 21°C (Moor and Thomas, 1952). Because of this high
temperature sensitivity, poor fruit set is an important limitation to tomato
production in the tropics (Villareal, 1980). Similar resuits obtained with
Fujishige et al. (1991) working on tomato. in this concern, this failure might be
attributed to elevated levels of ABA in the reproductive organs (Zeng and
King, 1986).

In addition, it is obviously noticed that plants grown under the conditions
of the late summer season were revealed physiclogical disorder on the fruits
known as blossom-end rot which has been attributed to several factors
ameng which high temperature. In this respect, Chong and lto (1982) pointed
out that at higher solution temperatures (30°C) the incidence of blossom-end
rot was greater in tomato plants. Also, Wui and Takano (1995) mentioned
that the incidence of blossom-end rot increased with increasing temperature
from 20 to 30°C, especially in the case of air temperature. The blossom-end
rot incidence was correlated with rapid early stages of fruit development at
high temperatures.

in the present work, with regard to the favorabie ef'fects of Biomagic®,
Bakers Yeast solution as well as Acadian Seaplants® under heat stress
conditions prevailing at late summer season may be due to the enhancing
effects of these compounds on hormones and vitamins productions, which
indirectly improve flowering and yield productivity. The results are going in the
same line with those obtained by Satti and Oebker (1986) and Auerswald
{1981) working on tomato. In this respect, Cheikh and Jones (1994) reported
that high ABA and low cytokinin levels as a resuit of heat stress were
proposed to cause increased seed abortion and lower yields in corn. ABA
increases under extremes in temperature, severai characteristics of plants
were affected by ABA, reduce growth, increase senescence, inhibit
photosynthesis and subsequently, reduce yield. In this connection, El-
Habbasha et al. (1999) studied that response of tomatoc plants to foliar spray
with GA; and |AA at the rates of 0, 25 and 50 ppm of each other and obtained
on increase in the early and the total tomato yield under the conditions of late
sumimer season.

Therefore, it can_ be concluded that in such instances certain baogrowth
regulators (Biomagic®, Baker's Yeast solution and Acadian Seaplants®) which
contain cytokinin, indele acetic acid and gibberellins applied to the flowers
may supplement the deficiency of endogencus hormones in tomato plants
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leading to stimulate the fruit set of tomatoes fruits which is considered an
important parameter for production of the yield.

In this connection, Fathy and Farid (2000) pointed out that spraying Yeast
preparation at concentration of 50 mll at 15, 30 and 45 days after
transplanting, increased yield / plant and number of tomato fruits/ plant under
heat stress conditions when compared to the control untreated plants.

The results of Foliafeed D® and compound fertilizer treatments on yield
and its components under the heat stress conditions are in harmony with
Dube and Chatterjee (1999) working on tomato. Meanwhﬂe beneficial effects
of foliar fertilizer application of Foliafeed D® and compound fertilizer
treatments on fruiting and yield of tomato under the heat stress conditions
might be due to the stimulatory effect of such macronutrients and micro
nutrients on enzymatic systems responsible for biosynthesis of amino acids,
protein, chiorophyll, photosynthesis as well as many physiological and
metabolical processes involved on reproductive organs (Marschner, 1995).

In addition, Fathy and Farid (2000} proposed that spraying chelated
micro-elements compound fertilizer, increase yield / plant and number of
tomato fruits/ plant as well as increase fruit fresh weights when compared to
the control untreated plants. In this respect, it is important here to mentlon
that the favorable effects of foliar fertilizer application of Foliafeed D® and
compound fertilizer treatments on yield and its component of tomato fruit cv.
Super Strain B might be due to stimulating effects of its main contents of
macro and micro nutrients on many of metabolic processes in the tomato
plants which consequently improved vegetative growth characters such as
plant height, number of branches and leaves and subsequently increase
assimilate production in the vegetative organs translocated into fruits (source-
sink relationship).

The favorable effects induced by putrescine application under heat stress
conditions on yfeld and its compenents in both late summer seasons were
agree with that reported by Cohen et al. (1982) working on tomato as well as
Manivel et al. (1998) working on young and mature tea. They pointed out that
putrescine foliar application brought about a considerable alleviation of stress
harmful induced by heat treatments. In this respect, the diamine putrescine
and the polyamines, spermidine and spermine, are involved in an important
biological processes, e.g., ionic balance (Willadino et a/, 1996) and DNA,
RNA and protein stabilization (Bestford et al.,, 1991).

Moreover, it may be suggested that the increase in fruit growth, yield and
its components which detected by heat-stressed plants in the presence of
putrescine application might be due to anti-senescence property of putrescine
as it was demonstrated in many plants that putrescine inhibit senescence
which induced by heat or water stress. In this respect, Rudulier and Goas
{1980} mentioned that polyamines may retard senescence via their
interaction with membranes. In addition, increased membrane fluidity is
known to be associated with senescence and polyamines may thus, retard
senescence by reducing this tendency (Friedman et al., 1983).

Furthermore, it might be assumed that the improvement of yield under
heat stress conditions by putrescine treatment could be due to increase
endogenous polyamines concentration which is required for the normal
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development of reproductive structures (Prakash and Prathapasenan, 1988)
~ or to inhibit the production of a senescence-promoting hormone (ethylene)
which accelerates fruit ripening (Yang, 1987). Free polyamines inhibited
ethylene production in tomato pericarp (Saftner, 1989).

Therefore, the results indicated that diamine putrescine is useful
treatment in increasing yield and its components as well as significantly
decreased non-marketable tomato yield grown in May under the heat stress
conditions in the late summer season. Thus, it worth to mention that foliar
application of putrescine at concentration of 1 mg /. overcome, to some
extent, the harmful effects induced by the adverse conditions of heat stress
which prevailing during this period of year.

Conceming the effects of sificon treatments on yield and its components
under the heat stress conditions, it is clear from the results that foliar
application of silicon's powder as well as sodium meta silicate treatments
especially in the 2™ season of the late summer season tended to increase
yield and its components but this increase did not reach to a significant level.
Similar results were obtained by Yadav and Pandey (1997) working on
wheat.

4-Chemical composition of tomato fruit:
Results of the two early summer seasons:

Data in Table 6 indicate that, all applied treatments [Biomaglc Yeast
(foliar), Yeast (soil), Yeast (foliar+soil), Acadian Seaplants®, Foliafeed D®, the
trial (experimental) compound fertilizer, putrescine, silicon's powder as weII
as sodium meta silicate] showed significant and non significant increases on
total sugars concentration of tomato fruits in the two successive early
summer seasons when compared to the control untreated plants.

Slmilar results were reported by many workers concermng the effects of
Biomagic®, Baker's Yeast solution and Acadian Seaplants® on total sugars
concentration like, El — Asdoudi (1993), Abedel-Aziz (1897) and Gupta and
Gupta {2004) working on tomato fruits and ismail (2002) working on pea
plants and Biomagic as well as Igbokwe et al. (1990) working on tomato and
spraying the seaweed extract fertilizer.

Furthermore, the favorable effects of Foliafeed (D)° and compound
fertilizer treatments on total sugars concentration of tomato fruit, are in
agreement with those reported by Dube and Chatterjee {1999), Kolota and
Osinska (2000} as well as Chapagain and Wiesman (2004) working on
toemato fruit.

The favorable effects of putrescine foliar application treatment on total
sugars concentration of tomato fruit were in harmony with those obtained by
Malik et al. (2003} working on mango fruits as well as Zheng and Zhang
(2004} working on mandarin fruits.

The enhancement effect of silicon's powder as well as sodium meta
silicate foliar application on total sugars concentration of tomato fruit were in
agreement with those obtained by Kim et al. (2003) and Lee et al. (2004)
working on tomato.

®
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Results of the two late summer seasons:

Data in Table (EQ reveal that under the heat stress conditions all applied
treatments [Biomagic™, Yeast (foliar), Yeast (soil), Yeast (foliar+soil), Acadian
Seaplants®, Foliafeed D®, the trial (experimental) compound fertilizer,
putrescine, silicon's powder as well as sodium meta siicate] showed non-
significant increases on total sugars concentration of tomato fruit during the
two late summer seasons as compared to the control untreated plants.

Table (6). Effect of different treatments on total sugar concentrations
{(mg/ g dry weight) of tomato leaves and fruits during 2002
and 2003 seasons. ... - - - -

First season 2002 Second season 2003
Total sugar I Total sugar
Early Late in fruits Early Late in fruits

Treatments Days after transplantin

60 90 40 70 |Early| Late | 60 90 40 70 [Ea Late
Control 282 | 301 | 47.2 | 385 123272909 332 | 361 [ 451 | 37.1 [246.1] 2808
iomagic 32.2 j 33.7 | 445 | 50.6 | 305.3 [333.0§ 39.3 { 42.4 | 46.1 | 48.8 [ 307.6 318.0
Yoast (Foliar} 285 | 282 1 321 | 291 12407 [3129] 329 | 305 | 378 | 33.9 | 25552926

aast (Soil) 313 | 373 | 488 | 498 1288.9/3310; 342 | 388 { 39.9 | 433 13.13.0] 317.0
;oil) (Foliar 4 278 } 343 | 379 | 39.3 |264.3 3250 29.7 | 40.0 | 40.7 | 44.1 [ 2835|3070
Acadian” 32.0 | 356 | 435 ] 345 (31563150 384 | 428 | 41.7 | 35.7 130092909

Follafeed {D)° | 34.6 | 37.9 | 43.1 | 43.9 | 260.8 | 327.0| 384 | 41.8 [ 38.2 | 43.7 | 298.3 | 304.9
Comp. fertilizer | 316 [ 41.1 | 41.5 | 489 [310.2|317.0] 34.1 | 47.0 | 43.1 ; 48.2 [353.1 [ 298.9

utrescine 293 | 322 {544 ] 463 (270.1(323.0]) 354 | 412 | 526 | 496 | 2849 | N18.9
ficon 286 | 34.1 | 457 | 435 |2795]/307.0] 32.8 | 436 [ 421 | 421 | 29532849
Edium

ilicate —_ ——— m——— mamas — —- | 33.3 | 403 | 379 { 39.7 [ 278.2| 2869

D. S.L.(0.05) N.S. | 537 | 6.20 | 498 [44.44 |290.9 [ N.S. | 4.87 | 4.81 | 516 | 51.19| N.S.

The favorable of effects of foliar application with Biomagic”, Baker's
Yeast solution and Acadian Seaplants® on total sugars concentration of
tomato fruit under heat stress conditions which contain cytokinin, indole
acetic acid and gibberellins applied to the flowers may supplement the
deficiency of endogenous hormones in tomato plants leading to stimulate
total sugars concentration of tomateo fruit which is considered an important
parameter for production. Similar results that obtained with El-Habbasha et
al. (1999) working on tomato.

Moreover, the favorable effects of Foliafeed (D)® and compound
fertilizer treatments on total sugars concentration of tomato fruit were similar
to that obtained by Dube and Chatterjee (1999) working on tomato as well as
Hanafy Ahmed et al. (2005) working on flax and Foliafeed C®.

Concerning the enhancement effects of foliar application of
putrescine on total sugars concentration of tomato fruit under heat stress
conditions, are in harmony with those obtained by Botella ef al. {2000)
working on tomato and Talaat (2003) working on sweet pepper fruits under
both non- saline or saline soil conditions.

The favorable effects of silicon treatments on total sugars
concentration of tomato fruit under heat stress conditions were similar to that
result obtained by Stamatakis ef al. (2003) working on tomato fruits.
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5- Chemical compeosition of tomato plants:
5-1- Total sugars composition in tomato leaves:
Results of the two early summer seasons:

Data in Table 6 indicate that, total sugars concentration in tomato leaves
showed neon-significant difference as a resuit of all applied treatments at 60
D. A. T. during the two early summer seasons. However, the total sugars
concentration showed significant increase in tomato leaves in the 2" sample
as resulted of treated tomato plants with Yeast (soil) application of the 1*
season. Application of Biomagic@’, putrescine as well as silicon's powder
treatments showed significant increases on total sugars concentration in the
2" sample of the 2™ season. Also, Acadian Seaplants®, Foliafeed D® as well
as compound fertiizer showed significant increases on the total sugars
concentration in the 2™ samples of the two early summer seasons when
compared to the control untreated piants.

Similar results obtained with Biomagic®, Yeast and Acadian Seaplants®
on total sugars concentration in tomato leaves were similar to that obtained
by tsmail (2002) working on pea.

Furthermore, the favorable effects induce by Foliafeed D® and compound
fertitizer treatments on the total sugars concentration in tomato leaves, are in
agreement with those reported by Gharibe and Hanafy Ahmed (2005) working
on pea. In this concern, Menge! and Viro (1974) postulated that tomato plants
supplied with higher potassium assimilated higher amounts of labeled COs,.
Moreover, they mentioned that higher levels of K nutrition increased the
translocation rate of photosynthates. Mengel and Kirkby (1987) postulated that
Mn is involved in the oxidation-reduction processes in the photosynthetic
electron transport system. Also, they mentioned that boron ptay an essentiai
role in sugar transport and in pentose phosphate pathway. Moreover, Achilea
et al. (1999) working on tcmato plants noticed that the most important function
of potassium in plant metabolism is enzyme activation. Accumulation of
carbohydrates and organic acids is highly depended on optimal photosynthesis
the intensity of which is related to K status in the plant. The results of foliar
application of putrescine at the rate of 1mg /. cn the total sugars
concentration in tomato leaves are similar to that reported by Gharibe and
Hanafy Ahmed (2005) working on pea.

Concerning the enhancement effects of silicon's powder and sodium
meta silicate foliar application, on the total sugars concentration in tomato
leaves were similar to that obtained by Gharibe and Hanafy Ahmed (2005)
working on pea.

Results of the two late summer seasons:

It was evident from the results in the Table 6 that, application of
Biomagic‘”, Yeast (soil), Foliafeed D®, compound fertilizer as well as
putrescine (also, putrescine in the 1™ two sample of the two late summer
seasons) treatments showed significant increases on total sugars
concentration in tomato leaves in the 2™ two samples of the two late summer
seasons as compared to the control untreated treatment.
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In this respect, it might be suggested that the favorable effects by using
Biomagic® Yeast as well as Acadian Seaplants® on total sugars
concentration in tomato leaves under heat stress conditions may be induce
indirectly due to enhancing plant hormones and vitamins productions, which
indirectly implicating in improving total sugars concentration. In this respect,
the favorable effects of beta-naphthoxyacetic acid (NOA) + GA; or NOA +
GA; + zeatin under heat stress condition on carbohydrate formation and
translocation of tomato plants were reported by Starck ef al. (1989).

The enhancing effects of Foliafeed D® and compound fertilizer treatments
on the total sugars concentration in tomato leaves under heat stress
conditions were similar to that obtained by Dube and Chatterjee (1999)
working on tornato leaves. ’

In this concern, Sherchand and Paulsen (1985) working on wheat under
heat stress conditions sugpested that foliar applications of KH,POy4 at the
rates of 1 to 4 kg ha’ increased cell sugar content and protected
membranes. Moreover, Bergmann (1992) defined that soiubie lower
carbohydrate concentrations were generally lower in copper-deficient plants
only during the initiai stages of development and later when the plants
ripening rose to levels above those of plants with an adequate copper status.
Khurana and Chatterjee {2000) working on wheat (Triticum aestivum, L.)
plants var. Sonalika defined that the deficiency of Mn (0.0055 mgll.)
decreased the concentration of sugars, starch and Hiil-reaction activity.

Furthermore, the effect of heat stress conditions and putrescine foliar
application on the total sugars concentration in tomato leaves were similar to that
obtained by Hanafy Ahmed et al. (2002 a)} working on Myrtus communis. Talaat
and EI-Din (2005} working on Nigefia sativa L. plants under a pot experiment was
camied out to study the effects of presowing heat stress in the presence and
absence of the foliar application of putrescine (0, 1, or § mM) on the vegetative
growth and chemical constituents of N. safiva. Putrescine at 5 mM combined with
heat stress (50 degrees C) for 15 minutes significantly increased the total sugar
contents of seeds.

The favorable effects of silicon's powder and sodium meta silicate foliar
application, on the total sugars concentration in tomato leaves under heat stress
conditions, were similar to that obtained by Carpita et al. {1990} pointed out that
when cells exposed to osmotic stress they are directed to accumulate amino
acids, sugars and other metabolically protective osmolites. Baker (1991) working
on Sorghum piants reported that about 30.9 % or more of the observed osmotic
adjustment could be attributed to sugars accumulation (glucose, fructose and
sucrose). Amaregouda et af. (1994) working on groundnuts pfants ecv. Dh-3-30
were sprayed with 6 % silica powder at 45 day after sowing then withheid
irmigation for 17 day. Content of reducing sugars was highest.

5-2- Amino acids composition
Results of the early summer season:

Data presented in Table 7 indicate that, all applied treatments [Biomagic®,
Yeast (foliar), Yeast (soil), Yeast (foliar+soil), Acadian Seaplants®, Foliafeed D%,
the trial {experimental) compound fertilizer, putrescine, silicon's powder as well as
sodium meta silicate] increased essential, non-essential and total amino acids as
well as total protein concentration in the leaves of tomato plants of the early
summer season in the 2™ sample of the 2™ season.
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Table (7): Effect of diffcrent treaiments Gn essentizl, non-essential and total amino acids (gf 100 g dry weight sample) as well as total protein % of
tomato leaves in the 2™ season of eurly and Iate 2003 season at 90 and 70 days after transplanting,

. Total ) ) ol Totally o]
Treatmentsly, . Essential amino acids bssent Non-essential amino acids élsg pmino
eri " . e‘“ N
rie 3Melhmnm Custine { Vatine {Isolucein] Luecine [Tyrosinelhecoming Lysing | ehenihtinine al Aspanid Sering iluramigProlinel Glyeine |4 lanine] Hisiedine Argining Ha acids

Earlv | 0,192 10,0370,0650.03710.0400.1221 0.030 1.032 0,087 10.56110.0320.0080.01210.0180.0000,282 0,000 0.04710,39910.960;12.2
Control | Late {0.040 10.0410.16810.04710.06010.132) 0.048 10.058 0.164 [0.75810.3000.081/0.16810.01210.0610.117 0.237 .08311 059(1 2881183
Mean | 0.08D [0.0350.1170.04210.05010.1271 6,044 0,045 0.126 0.21610.0430.090/0.0150.0310.2001 0.169 10.065;

Early ; 0.126 10.0290.0510.0821 ¢.070 0.028) 0.069 0.012] 0.043 10.490i0.09010.01 80.0760.020:0.0560.392| 0.048 0.0980,798] § 440114.8
Biomagic® | Late [ 0.225 |6.0300.1290.0851 0.148 103051 0,150 0.0500 6.200 11.32210.0530.0440.1761. 1 180.0850.408 0.117 0. 11711 . 11812.440121.9
] Mean 017600300 105008410109 104 67] 0,110 0031 0.123 0.07210.03 110.1260.06%0.071 0,400 0.083 0.108
Veast  EA 0.02710.016 J("i_O()K“ 0022106420 3,019 0.047 0,042 10.32610.1390.01910.0230.01%0.0490.229 0.021 067310 57310.899]16.5
[Fﬂl.iar) Lare | 0L)64 100870 151]0.123)] 10.09210.151]0.061 0,038 0,090 10,95%0.2510.01510.0950,01 300260394 0.049 ©0.07210.9171,876]20.1
Mean | 0,096 10.0520.09000 106/ 003710 0971 0.040 0.940_0.066 0.1950.017,0.0590.01 70.0380.312 g{)gg gg;g 3

) Early | 0.08510.03200.06210.03310.0400.153] 0.053 £.035 0.042 |0.53310.0230.02610.1240.061{0.04910.233] 0.063_10.090(0.660!1,2041 14,
Z'fseo"j)' Lare | 099 [0.0950.0880.15310 102 10.124] 0.062 ¥.084 0.208 11.015(0.1970.073/0.0911.0800.0950.431] 0.073 023711 277]2292,18.8
Mean | 0.092 10.0640.0750.093(0.071 10.139( 0,038 0,060 0.125 0.1100.050{0.10810.07110.07210.332 0.068 10164

Yeast | Early | 0.059]0.032%0.10810.2210.00510.054) 0.167 0.065 0.129 )0.8400.02710.022/0.0380.0160.01110.253 0.005 0.070[p.44211.282112.4
(Foliar+ [ Late | 0.096 [0 1270 077,0.218]0.102 10.134[0.058 .090 ¢.230_]1.127{0.03210.06410.08310.083(0.06410.384! 0.070 10.262]1 04712 169 18.6
Seil)__ | Mean | 0,078 [0.07710,09310.220{0.034 10.094) 0.1 13 10.078 0.180 0.0300.043/0.0610.0500.0380.319 0.038 0,165
Eardy [0.113 [0.0910.0840.166[0.081 |0.043]0.072 10,066 0.178 [0.89410.00410.005/0.004)0.11200.0050.102 0:020 10.0520 304[1 1081154

Acadian® | Late ) 0.067 10.053)0.358/0.068]0.1710.230[ 0.051 1,083 0.238 11.320[0.233)0,03000.14510.05410.038)0.508 0,034 00.098() 144]2 4731222
Mean | 0.090 (0.0720.22110.117]0.12610.142) 0.062 ¥.0751 0,208 0.1190.01810.0770.08310.02210.305 0.027 0.075

Early | 0,041 [0.0770.0650.12510.06510.120[ 0,026 10.063 0.132 10.716]0.0310.010(0.03610.02:10.01 70,082 0.024 ¥0.062{0 28611.002113.0
Foliafeed | rawe |0.064 10.0720.1090.12510.07810.183] 0,098 0,089 0,176 10.996).72610.09810.1540,05110.0360.129 0.016 10.06611.276]2.272]22.1
M) 'dtean [ 0,053 [0,0750.0870,125]0.072]0.13310.062 0,077 0.154 | 0.379§.05410.09510.0380.0270.106! 0.020 0.064
Comp. |-E2rix 10.044 10.0210.03710.20510.043 0,055 0.013 D057 0.064 10.43900.1060.01 210,03610.02610,0550.230 0,020 0.08510, 570110091 13.]
fertilizer | tate 10.228 10 03301140 10770038 10.24910. 133 0,050 0.120 |1 144100040 0360 20410.106/0.084.360 0.063 .12511 07212 2161213

Mean | 0,136 10 0070.0770 69110097 10,1521 0.073 0.054) 0.062 10100100240, 12010.066/0.0700. 295 0.042 1.105

Early 10.035 [0.1200.041/0.04310 000 10.037] 0,050 ©.057 0.094 [0.5
i

56800122001 5,0,0638.04400 0260 176 0.041 013710 626111941 14.6
003]0.70710.0490.03210.066,0,0550.644 0,072 0.083]t 20812 1011232
Mean | 0116 10.079.0850.068 [0.093 [0 039] 0.068 0078 0.157 0.1659 03210.0490.0550.0410.410 0.057 D110
Eary 0,143 10 00800940 05410.066 10.0320.066 11006 0,010 10 48110.1210 03010.0630.01 20 0260 264 0.098 1. (210 7401.221]15.0
Silicon | Late [0.224 [0.0650.1150.085]0.17510.151]0,068 0.093 0.209 [1.183[0.0750.018[0.07210.0190,02500.336 0,025 0.171]p.74111.626]18.9

Mean | 0.184 [0.0370.1060.07010.12110.092[0.067 0.050 0.110 0.0980.023[0.0691 01600270360 0.062 10146
Sodium |_Early | 0.023 [0.0230.0400(.127 0,048 10.038] 0.017 01104 0,085 10,51 110.00710,015]0.00710.020§0.050[0.261} 0.015 010710372} 1.083]14.3
meta | Late [0.103 [0 1610.082(023500.128015110.066 0.095 0. 168 11.18910.0120.02110.01613.202(0.0370.48¢[ 0.018 10.091{p g8312.072[10.6
silicate _{ Mean | 0.063 |0.0920.0610.18110,08810.0951 0.042 0103 0127 0.0550.018[0.01210.11 100440374 0.017 10.0%

Putrescine | Late {0197 (0.03701270.0692[0.095 101411 0.086 0.09¢ (]71,91

(Lreniqed (Z) 2€ "MUN pinosuep 19§ auby T
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In this respect, Biomagic® treatment increased the concentration of
individual essential amino acids (methionine, isoluecine, luecine and
therionine) and non-essential amino acids (aspartic, glutamic, glycine,
alanine, histidine and arginine), while, Yeast (foliar) application increased the
individual essential amino acids (iscluecine) and non-essential amino acids
(aspartic, serine, glutamic, glycine, histidine and arginine), Yeast (soil)
increased individual essential amino acids (tyrosine) and non-essential amino
acids (serine, glutamic proline, glycine, histidine and arginine), Yeast
(foliar+soil) increased individual essential amino acids {methionine, valine,
isoluecine, therionine, lysine and phenylalanine) and non-essential amlno
acids (serine, glutamic, glycine and arginine) as well as Acadian Seaplants
increased individual essential amino acids (cystine, isoluecine, luecine,
threonine, lysine and phenylalanine) and non-essential amino acids (proline
and histidine). In this connection, the concentration of amino acids of tomato
leaves were | increased in the following descending order by: fohar application
of Blomaglc Yeast (foliar+soil), Yeast (soil), Acadian Seaplants as well as
Yeast (foliar) when compared to the controf untreated plants. Similar trends
were obtained with Ismail (2002) working on pea and Biomagic®. The
favorable effects by using Biomagic®, Yeast as well as Acadian Seaplants®
may be induce indirectly due to enhancing plant hormeones and vitamins
productions, which indirectly implicating in improving amino acids
concentration in tomate leaves. In this respect, Ramadan {2005) working on
Vicia faba plants revealed that foliar spraying with GA; at 100 ppm induce a
marked increase in all amino acids either essential (threonine, valine, luecine,
iso-luecine, lysine, phenylalanine and tyrosine) and non-essential amino
acids (aspartic, serine, proline, glycine, alanine, histidine and arginine) except
for sulphur amino acids (cystine and methonine), which improved the quality
of seeds also, the protein content in seeds.

Moreover, the results reveal that Foliafeed D® increased individual
essential amino acids (cystine, isoluecine, luecine, lysine and phenylalanine)
and non-essential amino acids (glutamic, glycine and histidine). Furthermore,
the treatment of compound fertilizer increased individual essential amino
acids (isoluecine, luecine and lysine) and non-essential amino acids
(glutamic, glycine, histidine and arginine). The data reveal the value on the
total amino acids of the plants treated with Foliafeed D® was equal the trial
{experimental) compound fertilizer treatment when compared to the control
untreated plants. These results are in agreement with Hanafy Ahmed et al.
(2002 b) working on Sorghum cultlvars as well as Hanafy Ahmed et al. (2005)
working on flax and Foliafeed C%.

Concerning the effects of putrescine application on the amino acids
composition of tomato leaves the resuits indicate that putrescine increased
individual essential amino acids (cystine, luecine, and lysine) and non-
essential amino acids (aspartic, serine, glutamic, proline, glycine, histidine
and arginine). Similar results were obtained with Qzturk and Demir (2003)
working on spinach leaves as well as Gharibe and Hanafy Ahmed (2005)
working on pea cv. Master B. In this connection, Hanafy Ahmed et a/. (2002
a) working on Myrtus communis found that polyamines application brought
about a clear enhancement of free amino acids concentration in both shoots
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and roots. Also, the same authors mentioned that polyamines application
~ enhancements proline concentration in both shoots and roots. In this respect,

the authors suggested that putrescine as a diamine is involved in many
important biological processes, such as ionic balance and DNA, RNA and
protein stahilization, hence, leading to the enhancement of free amino acids
and protein synthesis.

In addition, the resuilts reveal that the treatment of silicon's powder
increased individual essential amino acids {methionine, valine, luecine, and
therionine) and non-essential amino acids (aspartic, serine, glutamic, glycine,
histidine and arginine) in tomato leaves, while the treatment of sodium meta
silicate increased individual essential amino acids (isoluecine and lysine) and
non-essential amino acids (aspartic, serine, glycine, histidine and arginine).
Moreover, it is clear from the results that higher values of amino acids were
recorded by the plant treated with silicon's powder as compared with those
treated with sodium meta silicate. Similar results were obtained with Hanafy
Ahmed et al. (2002 c) working on wheat and Gharibe and Hanafy Ahmed
{2005) working on pea.

Results of the late summer season:

As regard to the effect of heat stress conditions on the concentration of
amino acids in tomato leaves, it is clear from the resuits that, all applied
treatments {Blomagzc Yeast (foliar), Yeast (soil), Yeast {foliar+soil), Acadian
Seaplants®, Follafeed D® the trial (experimental} compound fertilizer,
putrescine, silicon's powder as well as sodium meta silicate] increased
essential, non-essential and total amino acids as well as total protein
concentration in the Ieaves of tomato plants of the late summer season at the
2" sample of the 2" season. Moreover, the results indicate that the
treatment of Blomaguc {Table 7 and Fig. 1) increased individual essential
amino acids (methionine, iscluecine, luecine, tyrosine, therionine and
phenylalanine) and non-essential amino acids (proline, alanine and arginine),
Yeast (foliar) increased individual essential amino acids {methionine, cystine,
isoluecine and luecine) and non-essential amino acids (alanine), Yeast (soil)
increased individual essential amino acids (methionine, cystine, isoluecine,
luecine, lysine and phenylalanine) and non-essential amino acids (proline,
glycine, alanine and arginine), Yeast (foliar+soil) increased individual
essential amino acids (methionine, cystine isoluecine, luecine, lysine and
phenylalanine} and non- essentlal amino acids (proline, alanine and arginine)
as well as Acadian Seaplants increased individual essential amino acids
(methionine, valine, luecine, tyrosine, lysine and phenylalanine) and non-
essential amino acids (proline and alanine). The treatments were increased
the concentration of amino amds in the fol!owmg descending order by: foliar
application of Acadian Seap!ants Blomagic Yeast {soll), Yeast (foliar+soil),
as weli as Yeast (foliar) when compared to the untreated control {Table 7 and
Fig. 1} plants. Similar results were obtained by Singh et al. (2000) working on
Senna and total free amino acid.
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Effect of control and Biomagic® on amino aclds under heat stress
conditions (Table 7 and Fig.1).

Concerning the enhancement effects of Foliafeed D® and compound
fertilizer treatments under heat stress conditions on the concentration of
amino acids in tomato leaves, the resuits indicated that Foliafeed D®
treatment increased individual essential amino acids (methionine, cystine,
isoluecine, tyrosine, therionine and lysine) and non-essential amino acids
(aspartic and proline), while the trial {(experimental) compound fertilizer
treatment increased individual essential amino acids (methionine, isoluecine,
luecine, tyrosine, therionine and phenylalanine) and non-essential amino
acids (proline and alanine). In this respect the values recorded by the foliar
fertilizer application of Foliafeed D® treatment were more than the trial
(experimental) compound fertilizer treatment. Simitar finding were obtained by
Eppendorfer and Bille (1996) working on beans, kale, spinach, cauliflower
and potatoes as weli as Liao ef al. (20C0) working on chicory and tomato.

Hanafy Ahmed et al. (2005) working on flax plant pointed out that
Foliafeed C® decreases the main vaiues of essential, non essential and total
amino acids as well as crude protein in the shoot. However, there were
increases in some amino acids like methionine, isoluecine, serine and
therionine under saline soil when compared to the untreated plants.

938



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

As regard to the favorable effects induce by putrescine under heat stress
conditions on the concentration of amino acids in tomato leaves, the data in
Table 7 indicate that putrescine treatment increased individual essential
amino acids (methionine, cystine, isoluecine, luecine, therionine, lysine and
phenylalanine) and non-essential amino acids (proline and alanine). The
value for putrescine treatment on total amino acids under heat stress
increased to 1.93 folds as compared to the early summer season conditions.
These results are in agreement with those obtained by Fiores (1991) and
Krishnamurthy (1991) working on rice plants. In this respect, Hanafy Ahmed
ef al, (2002 a) working on Myrtus communis mentioned that putrescine is a
diamine involved in DNA, RNA and protein stabilization, hence, feading to the
enhancement of free amino acids synthesis and accumulation under salinity
stress conditions. In this connection many investigators pointed out that,
higher plants accumulate free proline in response to external stress
conditions. In this respect, Rabe {1990) indicate that nitragenous compounds
can accumuiate in higher plants as a result of stress. Talaat (2003) working
on sweet pepper plants mentioned that spraying putrescine at two levels, i.e.,
1 or 2 ppm increased total free amino acids concentrations under both non-
saline or saline soil conditions.

Additionally, Talaat and El-Din (2005) working on Nigella sativa L. plants
under a pot experiment was carried out to study the effects of presowing heat
stress in the presence and absence of the foliar application of putrescine (0,
1, or 5 mM) on the vegetative growth and chemical constituents of N. safiva.
Putrescine at 5 mM combined with heat stress (50 degrees C) for 15 minutes
significantly increased the total nitrogen and total protein contents of seeds.

Concerning the favorable effects of silicon under heat stress conditions
on the concentration of amino acids in tomato leaves, it is clear from the
results that silicon's powder treatment increased individual essential amino
acids (methionine, isoluecine, luecine, lysine and phenylalanine) and non-
essential amino acids (alanine and arginine). However, sodium meta silicate
treatment increased individual essential amino acids (methionine, cystine,
isoluecine, luecine and lysine) and non-essential amino acids (proline and
alanine). In this respect, higher values of amino acids were detected by the
plants treated with sodium meta silicate than those treated with silicon's
powder. Similar trend, especially for proline obtained by Amaregouda ef al.
(1994) working on groundnuts piants cv. Dh-3-30 sprayed with 8 % silica
powder. Mathur and Wattal (1395) recorded that proline indicate the degree
of stress — induced injury and was not related to drought tolerance.

All applied treatments under heat stress increased some principal amino
acids to overcome the adverse effects of heat stress conditions on tomato
plants, in this respect, the plants subjected to most stressful environments
show an increased level of total free amino acid. Proline seems to be the
amino acid accumuiated in the largest amounts in response to temperature
stress. Proline, together with the other soluble nitrogenous compounds,
serves as an osmoregulator in plants. The functional role of proline
accumulation appears to be as a cytoplasmic osmoticum to lower cell water
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potential, provide hydration to biopolymer and sever as an energy and N
source under adverse environmental conditions. In addition, to proline, other
amino acids that accumulate under water stress are arginine, glycine, serine,
alanine, leucine and valine. Water-stressed plants accumulate proline,
alanine, arginine and phenylalanine which have a distinct correlation with the
stress tolerance mechanism. Barley and radish plants exposed plants to high
temperatures accumulated substantial amounts of proline. Various
-environmental stresses induced the accumulation of soluble nitrogenous
compounds. The extent and nature of the compounds accumulated depend
on the type of stress and the plant species. The levels of some of these
compounds. (i.e., amino acids and betaine) are associated with stress
sensitivity or tolerance of the plant species (Pessaraki, 2002).

CONCLUSION

Concerning the favorable effects of the all different treatments generally,
enhancing vegetative growth characters, fruit set (%), yield and its
components (ton/ feddan), also the organic components i.e., total sugars,
essential amino acids (isoluecine and lysine} and non-essential aming acids
{serine, glutamic, glycine, histidine and arginine) and total amino acids as
well as total proteins of tomato leaves. The greatest vaiues of the two
successive early summer seasons were obtained by treating tomato plants
with application of Yeast (foliar+soil) as well as Biomagic® under the
conditions of the two early summer seasons and when compared to control
un-treated plants.

Furthermore, under the heat stress conditions, most of the treatments
obtained similar trend as in the early summer season. However, the distinct
increment achieved by using putrescine, Foliafeed D), Biomagic® as well as
Yeast (foliar+soil) in total sugars, essential amino acids {methionine, cystine,
isoluecine, luecine and lysine), non-essential amino acids (proline and
alanine) and total amino acids as well as total protein of tomato leaves were
increased. Treating tomato plants with the previous treatments under heat
stress conditions able to accumulate these compounds of amino acids which
serve as osmoregulators, protect biomolecules, decrease the water potential
of the cytoplasm and moisture uptake. Consequent Theses accumulation of
amino acids increased the ability of tomato plants cv. Super Strain B of higher
levels of tolerance under these hard conditions of heat stress also, the
accumulating of these compounds is greater in tolerant plants than in

sensitive ones.
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