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ABSTRACT

Two pot experiments were conducted during the two successive summer
seasons of 2002 and 2003 to study the effect of molasses on growth, chemical
composite, yictd and its comporents and fruit quality of tomato. Plants irrigated
with saline watcr at the concentration of 33 3 and 30 g/pot. Molasses was added
at the concentrations of 33.3 and 50 g /Pot. Molasses treatments increased plant
height, fresh and dry weight in companson with the control treatment. Also, al
molasses treatments give rise increases in leaf chlorophyll content, nitrogen,
phosphorus percentage in comparison with the control treatment Significant
increases were noticed in fruit T.8 8., ascorbic acid, dry martter and total sugars
content, similarly, molasses trealments increased significantly marketable yield
and totai yield in comparison with the control treatment. The best results were
exerted from the application of molasses treatment at the concer tration of 33.3
g/pot (250 kg.\Feddan),

Molasses treatinents increased pumber of clusters\plant. fruit set, fruit
weight in the two scasons. Molasses treatments decreased the unmarketable yield,
fruit firmness and acidity in the two scasons.

INTRODUCTION

Tomato {Lycopersicon esculentumn Mil}), is one of the riajor and most
important vegetable crops in Egypt. There is a high demand on totnatoes for local
market and export. It is standing. wel over the year in nost Egyptian
LOVErnorates,

Increasing salinity in some new cultivated arcas coud face tomato
production either in the mew reclaimed soils or in the old vzlley soils. Salt
induced growth suppression is a major obstacle facing crop production on saline
lands. Irrigation with high saline water decreased tomato plant growth i.¢. plant
height, fresh and dry weight and total chlorophyll content, Ahmed, (1998), and
Cuariero ef al. (2007,

Number of flowers and fruit setting (%) for tomato plant decreased
under saline strexs, Ahmed, {1998) and Eata, (2001},
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Chemical composition of tomato plant foliage represented as mineral
comypaosition ie. (N, P, K) decreased under saline stress, Hagsan, {1999). Also, under
saline stress, fnuit weight, marketable and total vield for tomato plants decreased,
Amico et al. (2003), but unmarketable vicld increased, Eata, (2001), and Magan ef a!.
(2004).

Increased saline water for tomato plants leading o increased fruit quality e
fruit firmness, total soluble solids, vitanun C, acidity (%0), total sugars and dry matter
percentage, Stamatakis ef af. (2003), Abdei-Gawad et af. (2003). and Magan ef al.
{2004},

Therefore, the present investigation was undertaken to evaluate the role
of molasses on growth, chemical compesmon yield and fruit quality of tomato
plants grown saline water stress.

Molasses, originating from the beet sugar process, Molasses contains
glycinebetaine which environmentally safe, non-toxic and water soluble. Plant
growth, the rat of net photosynibesis and fruit yield of tomato plants grown in saline
soils increased when glycinebetaine was applied (Makela ef a/., (1998) and Makela e¢
af. (1999,

MATERIAL AND METHODS

Pots experiment were conducted in this work during the two suctessive
sumumer seasons of 2002 and 2003 at Kaha Experimental Farm, Horticultural
Research Institute, Agriculture Research Center (Qalyoubia Governorate) 10 study the
effect of molasses on salinity tolerance in Master 100 tomato hybrid {salinity
sensitive, introdoced from Horticuitural Research Instfne, Agriculbwre Research
Center).

The physical and chemical analysis of the soil used in this investigation
is shown in Table (1).

Tabie (1): The physical and chemical analysis of the pots soil in 2002 and 2003

Soil propertics
1. Physical analysis '
Sand (%)
Silt (%)
i Clay (%)
 IL. Chemical analysis

pH
EC Mm/cm)
N {ppm;}
p (ppm)
K (ppm)
Fe (ppm)
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This experiment included 3 treatments, which were as follows:
t. Bect molasses at rates of 33.3 gm / pot (250 kg / fed.).
2. Beet molasses at rates of 30 gm / pot (300 kg / fed.).
1. Control (without molasses {only saline water]).

All plants in this experiment irrigated by safine water (4000 ppm) from
Karoun Lake afier dilution by tap water (260 ppm), the concentration of Karoun
Lake salty water was 37300 and 36900 ppm salts in 2002 and 2003 seasons,
respectively. The chemical analysis of the salinc drainage water (meq / 1) in this
investigation ts shown in Table (2).

Table (2): The chezmca! anal SiS of the saline water (me! D.

The analysis of bect molasses shown in Table (3). Planis were adding
with an aqueeus solution of molasses three times duning the growing scason after
3., 6 and 9 weeks from transplanting (Ahmed, 1998).

Table 3) The analvsis of beet mo!asses.
' Beet molasses composmon
Water
Sucrose
Fructose
Glucose

Glycinehetaine
Amino acids
Sterols
Phaspholipids

Seeds of tomato hybrid (Master 100) were sown in 6 February in foam
pots under the condition of greenhouse in both (wo scasons of study. The
transplants of tomato hybrid were transplanted in Masch 27% in both two seasons
of study; two aniform seedlings were transplanted in cach pot, plazed in the open
field. Thinning tock place leaving one plants in a pot.

The experiment included 108 pots resulting from combination of 3
treatinents within 4 replicates and every replicate consisted of 9 pots (30 em in
diameter and 50 cm depth) was filled with 13 kg washed sand. Pots periodically
cvery 2-3 days, with 1000 ml to keep the water content at field capacity, Plastic
pots were perforated 10 allow drainage.
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Every pot was received 5.2 gm (400 kg / fed.), 309 gm (300 kg / fed.)
and 2 gm (150 kgffed.) of ammocium sulphate (20.6 % N), Calcium
superphosphate (15.5 % P.0s) and Potassium sulphate (48 % K;0), respectively,
Hanan et al. (1978). Pots were arranged in Complete Randomized Block Design
with three replicates.

Average temperature and relative humidity of the experimental region
are presented in Table (4).

Table (4): Average temperature and relative humidity of the experimental
region in 2002 and 2003 seasons.

Month

January
February
March
April
May

June

July
August
September
October
November

Data were recorded on plant growth, chemical composition, flowering
characteristics, yield and fruit quality.

Determination procedures:
A. Plant growth:- _

A random sample of two plants were taken from each plot at 50 and 70
days after transplanting in 2002 and 2003 seasons for measuring the following
data:-

1, Plant height {cm) was measured from cotyledons level (o plant top.
2. Fresh weight of aerial part (stem and leaves) was determined in gm / plant,

B. Chemical composition:-

1. Dry weight of aerial part {stems and leaves) (gm) / plant at 50 and 70 days
after transplanting, plants were oven dried at 70° C till a constant weight.

2. ‘Total chlorophyl! content at 70 days after transplanting, was measured in the
leaves using MINOLTA - SPAD 301 chlorophyil meter (MINOLTA CO.,
LTD. Japan), (Yadava, 1986),

3. Macro and micro elements, at 70 days after tansplanting during 20602 and
2003 seasons, sample of fresh leaves {the 4th leaf from the plant top) were
taken and considered the most representative ones for plant analysis. The
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leaves were oven dried at 70° C til] a constant weight. The dry matter was

finely ground and wet digested with {0, and concentrated H;SO, for the

determination of nitrogen, phosphorus and potassium according to the

following methods:

-~ Nitrogen was determined in the digestion product, using the Micro ~
Kieldahl method (Piper. 1947}

- Phosphorus was determined calorimetrically in the above mentioned
digestion product, Spectrophotometrically (King, 1931),

— Potassium was determined in the above mentioned digestion product,
using the Flame photometer (Jacksen, 1967).

. Flowering characteristics:-
[, Number of clusters / plant, was counted in flowering stage.
2. Fruit sctting percentage (%), according to the formmula:

= No. of fruit set / Total flowers X 100

D. Yietd and ite components:-
Yield and its components, at harvesting time collected data concerning
the vield and its components such as:-
1. Average fmnt weight (gm):- ten fruits from cach treatment were taken
randomly from the third picking a5 a representative sample for determine

average fruit weight (gm),

1. Unmarketable yield (gm / plant), this includes weight of rottc 1 fruits.
3. Marketable yicld (gm / plant), was determined after excluding rotten fruits.
4. Total vield (gm / plant), was determined as total weight of f1aits during the
harvesting period.
. Fruit quality:-

bl

Fruit Firmnaess (gm / cm2)- ten fruits from each treatment were taken
randomly from the third picking as a represemtative sample for determine
Firmness fruit (gm / cm2) by a needle type pocket penetromet :r.

2. ‘Total soluble solids (T.8.5. %), was determined by using hand referactometer
according 10 A.O.A.C. (1970).

3. Tivatable acidity (Citric acid %), was delermined accordiny o A O.AC.
(1970).

4, Vitamin C (Ascorbic acid mg/100 gm F W}, was determined (n fresh weight
by using the 2, 6 Dichlorophenolindoiphenol method described in A Q.AC.
(1970).

3. Fruit dry matter percentage (%6):~ according to the formula;

= Diry weight / Fresh weight X 100
6. Total sugars, ware determined in fruits as mg/100 gm dry weight, according
to smith ef ol {1956},

Statistical analysis:- .

All data collected were subjected to the Statistical analysis according to
Snedecor and Cochran (1968). The data of treatments were compared, using least
significant differcnce (LSD at 5 %) method as mentioned by Gomez and Gomez
{1984), :
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RESULTS AND DISCUSSION

A Plant growth:-
Data presented in Table (5) show clearly that, all used treatments scemed

to have a stimulating effect on the growth characters of tomato plant under study
as compared with the control treatment (without treatments fonly saline water}) at
50 and 70 days after transplanting in both two seasons.

Table (5): Effect of molasses on growth characteristics of tomato plants at 50
and 70 days after transplanting during seasons of 2002 and 2663,

Piant height F.W/plant
Treatments (cm) {gm)

50 Ei 50 70
days | days | days | days
Control 251 343 | 430 | 590
Molasses 33.3 gm/pot 394 | 523 | 880 | 1127
Molasses 50.0 gm/pot 376 | 512 | 808 | 976
L.5.D, at (5%) 0.82 167 : 389 | 636
2003 Season
Control 302 | 307 | 455 | 546
E  Molasses 33,3 gm/pot 405 1 516 | 915 | 1135
| Molasses 50.0 gm/pot 386 | 50.1 796 | 921
L.S.D. at (5%) 6.66 | 095 | 331 | 236

The maximum values of growth characters of tomato plants, expressed
as plant height, fresh and dry weight were more distinct via using molasses 33.3
gm treatment, which came in the first rank, followed by the treatments of
molasses 50 gim at 50 and 70 days after transplanting in both two seasons.
The obtained resuits are in agreement with those reported by Makela et af. (1999)
and Eata, (2001),

A common role of molasses, which contains glycinebetaine, is as a
compatible solute in osmotic adjustment of the cytoplasmic compartments where
it may accumulate while ions are sequestered in the vacuole (Matoh er af., 1987).
In this concern, the photosynthetic activity was increased when tomate plants
were sprayed by glycincbhetaine. Similar results have been reported by Makela ef
al. 1999). Also, the promoting cffect of molasses which vontain glyainbetaine on
plant growth under salinity stress is due to glyainbetaine was found to protect
protein and membrane functions from stress conditions such as drought and sait
stresses, by playing an anti transpiration agent (Hanson ef al., 1995).

The adverse effect of salt stress on plant growth, which came in control
treatment, is attributed to one of more of follows:
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* The inhibition in cell division and celi clongation\ that reflect on reduction in
cell size and number of cells per unit arca,

+ The imbalance in hormones content in plants, as salinity increased it caused a
decreased transport of kinetin from root to lcaves (Bernstein, 1975).

B. Chemical composition:-

Data presented in Table (6) clearly that. the high values of chiorophyli
content, N, P, and K in tomato leaves were obtained with melasses 33.3 gm
Lreatment whercas, the ptants which treated by molasses 30 gin which came in the
second rank at 70 days from transplanting in both two seasons The lowest vatue
of chlorophyll comtent, N, P, and K in tomaic icaves were obtimned with the
conirol {only saline water) in both two scasons. The obtained results are in
agrecment with those reported by Makela ef af. (1999,

Table (6): Effect of molasses on chemical composition of tomato leaves at 74
davs after transplanting during seasons of 2002 and 1603,

e s

; 2002 Season
Treatments Chlerophyit N P K

__content {%e) (%) {%%}

: Control ' 38.1 29 038 2.0

! Molasses 33.3 gm/pot 530 34 £.46 27

| _Moiasses 50.9 gm/pot i8.2 30 041 2.3

| L.S.D. at (8%) 1.6 06.07 0.007 0.06

2003 Season

Control 383 26 037 21

i Molasses 33.3 gm/pot 331 35 048 28

| Molasses 50.0 gm/pot 48.6 3.1 0.40 24

| LS.D.at(5%) | 2.91 b.05 0005 | 006§

A common role of molasses which contains glycineb taine is as a
compatible solute in osmotic adjustment of the cytoplasmic compa riments where
it may accumutate while ions are sequestered in the vacuole (Mato et af, 1987).
In this concern. the photosynthétic activity was increased when tomato plants
were sprayed by glycinebetaine. The promoting effect of molasses which contain
glyainbetaine on plaat growth under salinity stress is due to glyiibbetaine was
found to protect protein and membrane functions from stress conditions such as
drought and salt stresses, by playing an anti transpiration agent {Hanson ef gf,
1995),

With regard to the obtained results a bout the effect of control treatment
{only saline water) on chlorophyll content might be atiributed to that the role of
salinity in this respect it caused an adverse cffect on water relationship of plant
and consequently decrease photosynthesis process and reduction in carbon
fixation in photosynthesis (Bernstein, 1975). The higher reduction in N, Pand K
concentration in fomato leaves under salinity suggest that high sodium uplake
induced the low K uptake that has been implicated in growth and yield reduction
of tomnato crop (Crvajal ef al., 1999).
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C. Flowering characteristics:-

Data resented in Table (7) showed that all used treatments caused a
significant increase in No. of clusters and fruit setting compared with the control
weatment whereas, using molasses 33.3 gm treatment being the most effective as
compared with the other treatments for increasing the No. of clusters and fruit set
percentage while, using the treatments of molasses 50 gm which came in the
second rank, these results cleared in both two seasons. The obtained results are in
agreement with those reported by Makela ef of. (1999).

Table {7): Effect of molasses on flowering yield quality of tomato plants

Treatments

Controi
Molasses 33.3 gnu/pot

Molusses 50.0 gm/pot
L.S.D. at (5%%)

Contrel
Moilazxses 33.3 grvpot
Moinsses 56.0 gom/pot

* Y/P = yield/plant

With regard to the obtained results a bout the effect of control treatment
{only saline water) on No. of clusters and fnuit setting might be attributed to either
the adverse role of salinity on in balance in nutritional cations in tissues of the
saits affected plant and the retardant effects on plant grown that may be reflect on
the reduction in flowering parameters, Similar resuits have been reported by
Ahmed, (1998).

D. Yield and its components:-

Data presented in Table (7) clearly that, all used treatments caused
increasing average fruit weight, marketable vield/plant and total yieid/plant for
tomato plants compared with the control treatment (without treatments fonly
saling water]),

The maximum values of vield and its comporents of tomato plant,
expressed as average fruit weight, marketable yvield/plant and total yield/plant
were more distinct via using molasses 33.3 gm treatment which came in the first
rank, followed by the treatments molasses 50 gm and control, respectively. On
the other hand, all treatiments decreased anmarketable yield compared with the
control (without treatments fonly saline water]), these results cleared in both two
seasons. The results are in agreement with which obtained by (Makela ef af.,
(1998.} and Makela ef al. (1999},
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Average fruit weight, marketable yicld/plant and total yield/plant
increased by used molasses 333 gm and molasses 530 treatments may be
atiributed to the positive effects of these treatments on plant growth, Table (5),
chlorophyll content, Table (6} as well as mineral content of leave Table (6) which
may be consequently increase yvield and its components,

With regard to the reduced in average fruit weight, marketable
vield/plant and total vield/plant by used control treatment may be attributed to the
adverse effects of salinity on plant growth, Table (5 and chlorophyll content,
Table (6) as well as muneral content of leaves, Table (6). Which may be
cousequently reduce vield and its cotponents.

Increasing unmarketable yield by control treatment {only saline water)
way be attributed 1o increasing Blossom - end rot in tomato fruits which came by
reason (a’" deficiency in tomato fruits by tncreased saline water (Eata, 2001).

E, Fruit quality:-

Data presented in Table (8) show the effect of melasses 33.3 gm and
molasses 50 gm treatments on fruit quality, expressed as fruit firnness, T.8.8,
Acidity. ascorbic acid, dry matier (%) and total sugars. Significant increase in
most fruits quality was obtained due to the application of either molasses 33.3 gm
and molasses 50 gm treatments compared with the control. but fruit firmness and
acidity not affected by molasses 33.3 gm and molasses 50 gm treatments. in both
two season, These resulis are in agreement with those reported by - Makela ef al.,
{1998) and Makela ¢f al. (1999).

Table (8): Effect of molasses on fruit quality of fomate plants during seasons
of 2002 and 2603.

2002 Season
Treatments Ascomic
T.8.5 (%) | Aadity (%) (y/100gm
EW3
Control 71 | 0.56 | 301
| Moulasses 33.3 gm/pot 78 0.45 33.4
| Molasses 50.0 gm/pot 1.6 046 { 311
: L.S.D. at (5%) 0.007 0.30
2003 Season

; Control i 0.59 302
 Molasses 33.3 gm/pot : 046 | 336
§l Molasses 50.0 gm/pot . (.47 316
0.3

With regard to the obtained results about the effect of control treatment
{only saline water) on acidity and fruit firmness, tomato fruits grown under salt
stress show higher organic acid contents and higher titratable acidity than fruits
growa with fresh water (Mitchell er af.. 1991). The accumulation of organic acids
in tomato fruit seems to counterbalance the cation (K* and Na") excess respective
to anions (Cl and $O.%) so maintaiging fruit pH (Davies, 1964): the difference
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between cations and anions is wider in salt-treated fruit and hence the higher
concentration of organic acids seen in fruits from Stalimzed plants.

With regard to increased fruit firmness under salinity stress is due to
increased salinity effects originating from reduced fruit water content due to
adaptation of the plant to salinity (Petersen ef al. 1998).
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