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ABSTRACT

Present study was carried out during 2011 and 2012 seasons at the Experimental Farm, Fac.
Environ. Agric. Sci., El-Arish, North Sinai, Egypt, to study the effect of calcium foliar spray
trequency in form of Ca-chelate (1.5 g/1) and CaCl; (1.5 g/l) on growth, yield blossom end rot (BER),
and shelf life of tomato fruits. The experiment included seven treatments; i.e., spraying with tap water
(T1) as control, Ca-chelate foliar spray every five days (T2), Ca-chelate foliar spray every 10 days
(T3), Ca-chelate foliar spray every 15 days (T4), CaCl, foliar spray every five days (T5), CaCl, foliar
spray every 10 days (T6) and CaCl, foliar spray every 15 days (T7). Tomato transplants (Lycopersicon
esculentum Mill.) cv. "GS-12" were transplanted on May 12 in both seasons. The highest number of
leaves, clusters and flowers per plant were achieved with T7. The largest leaf area per plant and the
highest total and marketable yield per faddan for both growing seasons were accounted with T4. BER
% significantly affected by both calcium sources at different frequencies. Both TSS and vitamin-C at
zero time and after storage fruits for 14 days were significantly affected by Ca treatments. Brightness
(L*), hue angle (color angle) were declined and C* values seems stable or have little tendency to
increase after 14 days storage period in tomato fruits. Color a* and lycopene were increased after 14
days from storage. The preharvest calcium treated tomato fruits were higher in lycopene content in
fresh and stored fruits than control (T1).
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INTRODUCTION

Agriculture in. North Sinai is depending
mainly on well water, the over consumption of
well water and poor feeding of rainfall caused a
gradual increase in water salinity, high water
salinity and sandy or calcareous soils caused a
hard stress on vegetable plants. So the careful
selection among vegetable crops and the use of
inexpensive methods to decrease the effect of
high salinity and mineral precipitation are very
important. Addition of calcium as foliar spray
on tomato plants is important to avoid
precipitation essentially under calcareous and
saline conditions. It has been shown that
exogenous application of Ca** can improve plant
growth under environmental stress. Besides, the
function of calcium is clearly reflected by
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stabilization of the middle lamella as calcium
pectate for strengthening the cell walls and plant
tissue (Marschner, 1993; Barrett et al., 1998).

Blossom-end rot (BER) is attributed to an
inadequate supply of Ca®’ to the fruits and it is,
therefore called a calcium-related disorder
(Shear, 1975). It may cause severe economic
losses in tomato fruits. Saure (2001) found a
correlation between the occurrence of BER and
Ca®" nutrition. Other researchers argued that
BER might not be directly related to Ca
deficiency. Nonami ef al. (1995) supported their
view by the fact that there are discrepancies in
reported values for Ca in fruits with and without
BER. Generally, any factors that increase fruit
Ca demand and reduce Ca transport to fruit
would increase the incidence of BER (Ho et al,,
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1999). Calcium deficiency in tomato reduces
leaf size, and causes necrosis of young leaves
(Adams and Holder, 1992).

Exogenous application of Ca®* can improve
plant growth under environmental stress
(Marschner, 1993; Tuna et al., 2007). Calcium
application increased growth, number of fruits
per plant, fruit yield, vitamin-C, TSS and
nutrient contents of tomato fruits (Rady, 2012),
reduced the incidence of BER and decreased
total marketable yield (Hao et al., 2000). Rady
(2012) found that the increase in calcium rates
caused positive gradual increase in tomato
growth, chlorophyll content, number of fruits
per plant and fruit yield.

Jamal and Kubota (2006) showed that, no
significant changes in TSS both in room and low
temperatures stored tomato fruits. In addition pH
and TSS were increased, while vitamin-C was
decreased with prolonging storage period
(Ramana et al., 1979; Dhruba and Durga, 2006;
Moneruzzaman et al., 2008). Calcium chloride
is acidic in nature, it might has lowered the pH
of the treated fruits (Njoroge and Kerbel, 1993;
Dhruba and Durga, 2006).

The changes in chemical compositions
behavior after storage were reported by
Salunkhe er al. (1991). Storage under high
temperature caused lowering in vitamin-C
(Yeshida er al., 1984). Calcium improved the
Ca'? and ascorbic acid contents in tomato fruits
(Subbiah and Perumal, 1990; Gracia et al.,
1996; Sammi and Masud, 2007).

The highest Ca (%) in tomato fruits produced
from spraying tomato plants with Ca-chelate
every five days, while the lowest one was found
at control treatment (Lopez and Satti, 1996).

Guill’en et al. (2006) found that color and
firmness of tomato fruits have rapid changes
during postharvest storage and responsible for
its reduced shelf life. Calcium might delayed
senescence (Sharma et al., 1996). However, the
presence of high levels of Ca in the fruit
negatively affected the firmness and shelf life of
tomato and delay aging or ripening (Grant et
al.1973; Stanly et al., 1995; Ho et al., 1999;
Sammi and Masud, 2007). Storage duration and
temperature have significant effects on weight
loss (Kumar et al., 1999; Jamal and Kubota,
2006).

Tomatoes red color indicate that lycopene
content varies among cultivars, stage of maturity
and growing conditions (Sahlin et a/., 2004). It
increased during storing tomato at room
temperature (Jamal and Kubota, 2006). Calcium
chloride was important for increasing lycopene
content (Subbiah and Perumal, 1990). Audrius
et al. (2008) reported that human identification
of colors is quite complex where sensations like
brightness, intensity, lightness and others
modify the perception of the primary colors
(red, blue, yellow) and during tomato ripening
their color lightness L* and the ratio of white
and black colors decreased, the hue angle had a
tendency to decline, the color index a* showed
the most obvious change.

The color of the fruits is an important
property for customers. Lycopene gives the deep
red color of ripe tomatoes. The biosynthesis of
pigments is under genetic control. The a*, b*
and a*b* parameters are plotted against
maturity stages. The a* values in the mature
green stage ranged between —10 and -2, and in
the breaker stage between —2 to +7. After this
stage, the a* values increased rapidly until the
pink maturity stage.

The a* values in the red and deep red stage
ranged between 23 and 29. In the case of tomato
fruits the b* values never decreased naturally
below zero and varied in a narrow range
between 20 and 30. The trend line of a*/b* was
very similar to the trend line of a*. The values of
the ratio increased continuously. The higher the
Iycopene content was the higher of a*/b* ratio.
Hence it could be concluded that the color
indicates the lycopene content (Brandt et al.,
2006).

The lycopene content determined from the
color of the fruit according to D’Souza er «al.
(1992) reflect the best correlation (R> = 0.83)
between lycopene and color was with the
(a*/b*)? factor.

This work aimed to study firstly, the etfect of
calcium in form of Ca-chelate and CaCl, foliar
spray on growth, yield, quality and storability of
tomato fruits. Secondly, surmount of blossom-
end rot (BER) physiological disorder under
calcareous soils.
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MATERIALS AND METHODS

Two field experiments were carried out
during the summer seasons of 2011 and 2012 at
the experimental Farm, Fac. Environ. Agric.
Sci., El-Arish, North Sinai, Egypt. This
experiment included seven treatments which
were: spraying with tap water as control
treatment (T1), Ca-chelate at a rate of 1.5 g/l
was sprayed on tomato plants every 5 days (T2),
every 10 days (T3), and every 15 days (T4);
also, CaCl, at the rate of 1.5 g/l was sprayed
every 5 days (T5), every 10 days (T6) and every
15 days (T7). Treatments were randomly
arranged in a RCBD with three replications.
Tomato plants of all treatments received 15, 10
and S sprays during the growing seasons every
5, 10, 15 days, respectively. Foliar spray
treatments started at 10 days after transplanting.
Tomato transplants (Lycopersicon esculentum
Mill.) cv. "GS-12" were transplanted on May 12"
in both seasons at 50 cm distance between plants
along the dripper line and 0.9 m between each
two dripper lines. Plot area was 37.5 m’ (25 m
length and 1.50 m width). Each experimental
unit recived equal amount of FYM at a rate of
30m'/fad. Fertigation through drip irrigation
system was used to add chemical fertilizers after
transplanting (parallel with plant growth, two
times a week). Standard grower production
practices for nutrients, irrigation, pest and weed
control of growing tomato in the reigone of the
experiment were followed in this destrict. Soil
physical and chemical properties and chemical
analysis of irrigation water are given in Table 1.

Data Recorded _

Vegetative Growth and
Measurements

Flowering

" At full bloom stage, samples of three plants
were randomly taken and the following data
were recorded: stem length (cm), number of
branches, number of leaves, leaf area, number of
clusters and number of flowers per plant.

Yield and its Components

At maturity stage (30-60% of fruit surface
red or pink) allover fruits of each plot were
counted and weighed allover the harvesting
period and the following data were recorded:
BER%, number of fruits per plant, average fruit

weight (g), marketable yield and total yield
ton/faddan.

Storage Treatments

Sample of fruits from each experimental plot
of the second harvest were randomly taken and
were directly transported to the lab for washing
and arranged in Styrofoam trays (60 fruits for
each treatment) in three replicates (20 fruits/
replicate).

Fruits of different treatments were placed at
room temperature (average of 29.3, 29°C and
63, 65% RH, in 2011 and 2012 seasons,
respectively) for 14 days; physical and chemical
parameters were measured in tomato fruits
before storage at zero time and after 14 days
storage period.

Chemical Parameters

The following chemical parameters were
measured in fruits juice obtained by blending a
sample of fruit flesh from each experimental
treatment: total soluble solids (TSS), pH. and
vitamin-C. Also, Ca% in tomato fruit tissues as
dry weight basis was determined. All studied
fruit chemical analyses were measured
according to AOAC. (1975).

Physical Measurements

The following physical parameters were
measured in tomato fruits before storage at zero
time and after 14 days storage period; i.e., weight
loss (%) for stored fruits, fruit firmness, lycopene
content according to the formula of D’Souza et al.
(1992). Color assessment by image processing
program: The images of the samples were taken
from above about 0.8 m from the samples; each
sample (replicate) minimally included six fruits in
three replicates for each treatment. The average
red (R), green (G) and blue (B) color components
of the area chosen were calculated by the computer
program. The color of the sample was
characterized by this RGB values or by a* and b*
values of the CIE L*a*b* color index calculated
according to Trupple and Herold (1996).

L* (Lightness): the sensation of an area's
brightness relative to a reference white.

L* Scales from 0 to 100 (0= dark, 100= light).
C* (Chroma): the colorfulness of an area
relative to the brightness of the reference white.
C* = (a** + b*)" Hue angle = tan'b*/a* hue®,
we can get the angle of the color by using a* and
b* values on axis (Fig. 1).
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Table 1. Initial of some physical and chemical properties of investigated soil profile of cultivated
area and irrigation water

Properties Season 2011 Season 2012
Soil properties
Soil texture class Loamy sand Loamy sand

Soil chemical properties

EC (dS m™) in (1:5) soil water extract) 1.32 1.45
CI (meg/1) 5.36 6.48
pH in (1:2.5) soil water suspension extract) 8.2 8.00
Organic matter (%) 0.170 0.180
CaCO; (%) 16.21 15.56
Total N  (ppm) 15.31 14.88
Total P (ppm) 46.11 44.17
Total K (ppm) 92.88 94.15
Chemical analyses of irrigation water
EC (dS m™) 6.12 6.74
pH 7.59 764
Cl- (meq/1) 47.04 48.46

Soil and water were analyzed according Richards (1954) and Jackson (1967).

o Soil sample was taken from 30 cm depth of soil surface.

+b*
Yellow| 90°
(8% b*)
Hue angle
-a* 180° Hue® 0° +a*
Green Red
270° | Blue
_b*

Fig. 1. a* and b* are colors: On the horizontal axis, positive a* indicates a hue of red, negative
a* green. On the vertical axis, positive b* indicates yellow and negative b* blue
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Statistical Analysis

Data were analyzed using the “MSTATC”
computer software package. Analysis of
variance was first conducted. If the treatment
effects were significant, then their means were
separated with Duncan’s multiple-range test
(Duncan, 1958).

RESULTS AND DISCUSSION

Vegetative Growth and Flowering Traits

Data in Table 2 show the effect of calcium
foliar spray on tomato vegetative characters and
flowering. No significant differences were
observed on stem length and number of
branches per plant, while numbers of leaves per
plant and leaf area/plant (cm’) were significantly
affected. T7 accounted the highest number of
leaves, number of clusters and number of
flowers per plant while, T4 accounted the largest
leaf area per plant for both growing seasons.

It is also clear from such data that Ca
treatments affected positively number of clusters
and number of flowers per plant. These results
were in harmony with the findings of Jones
(1999) who found that Ca enhanced pollen
germination and growth. Also, it activated
number of enzymes for cell mitosis division and
elongation and this in turn increased tomato
plant growth.

Calcium deficiency in tomato reduced leaf
size (Adams and Holder, 1992). Spraying Ca-
chelate every 15 days (T4) gave the largest leaf
area/plant, being 3.0% higher than control
(average of two seasons), but spraying every 5
days (T2) gave the smallest leaf area/plant
(8.8%) lower than the control (average of two
seasons). The reduction in leaf area/plant in (T2)
in the two seasons (Table 2) may be attributed to
the effect of salt accumulation as a result of
spraying every S days, which affected negatively
leat’ area/plant. These results are in harmony
with the findings of Adams and Holder (1992),
Lopez and Satti (1996) and Caines and Shennan
(1999). Increasing calcium rates caused positive
gradual increase in tomato growth (Rady, 2012);
wherein  exogenous application of Ca’’
improved plant growth under environmental
stress (Marschner, 1993).

Chlorine plays an important role in the light
reaction of plant photosynthesis (Stelezer et al.,
1975). Decreasing the period among spraying
timese especially CaCl, treatment caused a
decrease in both leaves number and area/plant,
this results may be refer to the effect of CI’
toxicity that appear with weakness and reduction
in foliar size and also to its toxicity symptoms
which appear more severe under drought stress
(Srivastava and Gupta, 1996); they added that
leaves are active in mineral absorption because
of their higher surface area. In the present study
both chlorine and salinity increase the stress and
chlorine accumulation; this case was illustrated
by Stelezer et al. (1975) who reported that plants
grown in saline-alkali soils may accumulate
even more than 1 per cent Cl in their tissues and
the normal concentration in plant tissues must be
not more than 0.2%.

Yield and its Components

Data in Table 3 clear significant effects of
Ca-chelate and CaCl, on tomato yield and its
components during both growing seasons. Foliar
spray of tomato plants with Ca-chelate sprayed
every 10 days (T4) recorded the highest total
and marketable yield per faddan. Both calcium
sources at different frequences affected
significantly BER %. Spraying plants with Ca-
chelate (T2, T3 and T4) gave fruits with low
percentage of BER, and the lowest one was
found with (T2) treatment during both seasons.
The control treatment and spraying with CaCl,
(TS, T6 and T7) resulted in the highest BER%.
While, spraying tomato plants with CaCl, every
15 days (T7) resulted in the highest number of
fruits and the lowest average fruit weight per
plant in both growing seasons.

The high obtained total and marketable yield
with T4 may be refer to the largest leaf area/
plant (Table 3), while the highest values of
average fruit weight may be refer to the highest
leaf area available for each fruit. Regarding
average fruit weight, it is clear that, T3 gave the
highest fruit weight, while T7 recorded the
Jowest one. These results are logic because of
dividing the leaf area per plant (Table 2)/
number of fruits per plant (Table 3), clearly we
can give the largest leaf area/plant (150.1 and
160.5 cm?/fruit), which produced fruit weight of
72.7 and 75.7 g/fruit for the 1% and 2™ seasons,

W
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Table 2. Effect of spray with Ca-chelate and CaCl, and their spray frequencies on vegetative
growth characters and flowering of tomato plants at full bloom stage during 2011 and
2012 seasons

Treat Stem length No. branches No. Leaf areazl No. clusters No. flowers
) (cm) /plant leaves/plant  plant (cm®) /plant /plant
2011 Season
T1 483 a 82a 76.0d 5027 ab 31.0c 122.5¢
T2 46.8 a 85a 93.7b 4511 ¢ 320c 1172 ¢
T3 48.0 a 85a 74.2d 4923 abc 325¢ 1237 ¢
T4 498 a 85a 80.2 cd 5299 a 372b 1443 b
TS 48.5 a 9.7a 853 ¢ 4686 be 383b 129.0 be
T6 498 a 83a 858 ¢ 4836 be 39.5b 1413 b
T7 493 a 82a 104.2 a 4908 abc 478 a 179.7 a
2012 Season
Tl 513a 89a 80.0d 5117 be 32.8¢ 133.5d
T2 526a 94a 96.2b 4742 d 348 ¢ 126.2d
T3 51.8a 95a 79.2d 52170 337¢ 136.7d
T4 55.6a 95a 86.0c 5546 a 40.4b 157.3b
TS 523a 10.1a 91.3 bc 4632 d 40.1b 140.0 cd
T6 52.6a 90a 91.6 bc 5031 ¢ 4120 154.3 be
T7 51.8a 89a 108.2 a 5004 ¢ 49.6 a 190.7 a

Means followed by the same letter (s) in a column within treatment group are not significantly different at
P=0.05 according to Duncan’s multiple range test.

T1 water spray (control), T2 Ca-chelate foliar spray (every 5 days),
T3 Ca-chelate foliar spray (every 10 days), T4 Ca-chelate foliar spray (every 15 days),
TS CaCl, foliar spray (every 5 days), T6 CaCl, foliar spray (every 10 days) and

T7 CaCl, foliar spray (every 15 days).

Table 3. Effect of spray with Ca-chelate and CaCl, and their spray frequencies on tomato yield
and its components during 2011 and 2012 seasons

No. fruits Average fruit  Marketable yield  Total yield

Treat. /plant weight (g) ton/fad. ton/fad. BER %
2011 Season
T1 38.1b 62.2 be 12.52 ab 16.21 ab 22.9 ab
T2 321¢ 63.8 be 10.75 c¢d 12.87 ¢ 16.5¢
T3 32.8¢ 72.7 a 12.56 ab 15.20b 17.3¢
T4 39.1b 65.1 ab 13.44 a 17.05a 209b
T5 36.8b 52.2 de 10.13d 1321 ¢ 23.4 ab
T6 40.4b 56.2 cd 11.97 be 15.63 ab 23.6 ab
T7 46.6 a 47.0¢ 11.56 be 1543 ab 24.8 a
2012 Season
T1 39.5 be 63.3b 13.19b 16.92 a - 22.0ab
T2 31.9d 68.0b 11.42d 13.52¢ 15.5d
T3 32.5d 75.7a 12.99b 1591b 183 ¢cd
T4 41.4b 64.6b 14.15a 17.63 a 19.5 be
T5 374¢ 524 cd 1035 ¢ 1342 ¢ 22.9 ab
T6 41.7b 559¢ 1230 ¢ 15.94b 22.8 ab
T7 47.0a 48.3d 1197 ¢ 1582b 242 a

Means followed by the same letter (s) in a column within treatment group are not significantly different at
P=0.05 according to Duncan’s multiple range test.

T1 water spray (control), T2 Ca-chelate foliar spray (every 5 days),
T3 Ca-chelate foliar spray (every 10 days), T4 Ca-chelate foliar spray (every 15 days),
TS CaCl, foliar spray (every 5 days), T6 CaCl, foliar spray (every 10 days) and

T7 CacCl, foliar spray (every 15 days).
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Fig. 2. Effect of calcium sources and spray Fig. 3. Effect of calcium sources and spray

frequency on BER % of tomato fruits

(average of two seasons)

respectively. The lowest leaf area/plant (105.3
and 106.4 cm’/ fruit) produced the lowest fruit
weight at T7 (47.0 and 48.3 g/fruit for the 1
and 2" seasons, respectively). Rady (2012)
found that increasing calcium rates caused
positive gradual increase in tomato growth,
chlorophyll content, number of fruits per plant
and fruit yield. Similar results regarding
reduction in BER incidence by spraying tomato
plants with 0.1 M of CaCl, biweekly were
reported by (Hao et al., 2000). Bar-Tal and
Pressman (1996), observed a decrease in total
marketable yield with increasing Ca levels.

+ According to Bar-Tal and Pressman (1996)
and Hao and Papadopulos (2003) the highest Ca
concentrations in the nutrient solution allow for
higher total and marketable fruit yields, larger
fruits and higher percentage of marketable fruit
compared to low Ca concentrations.

It is clear from the data that spraying tomato
plants with Ca-chelat every 5 days resulted in
the lowest percent of BER, this result may be
due to the fact that there was a negative
correlation between the occurrence of BER and
Ca’' nutrition and Ca deficiency as the primary
cause of BER has been derived from
observations that affected fruits by BER always
have a lower Ca content compared to healthy
fruits (Ho et al., 1999; Saure, 2001). Indeed,
most modern textbooks and technical papers
hold that Ca®" deficiency is the primary cause of
BER.

frequency on total and marketable
yields of tomato fruits (average of two
seasons)

The low yield achieved from spraying CaCl,
(T2 and T5) compared to control treatment may
be refer to Cl toxicity, which negatively affected
plant growth and this in turn reduces the yield
(Srivastava and Gupta, 1996).

Chemical Analysis for Fresh and Stored
Fruits

Data in Table 4 show significant differences
in TSS of fresh tomato fruits obtained from Ca
treated plants, where spraying tomato plants
with CaCl, produced higher TSS than other
treatments in both growing seasons. After 14
days from storage TSS increased in both
growing seasons. Data show also that significant
differences in pH were recorded among
treatments in the first season.

Regarding vitamin-C, data in Table 4 show
that vitamin-C was significantly affected by Ca
treatments in both fresh and stored fruits in both
seasons. It is clear that, after 14 days from
storage, vitamin-C tended to decrease in tomato
fruits (Table 4). These results are in harmony
with the findings of Sammi and Masud (2007).

The increase in leaves surface area increased
mineral absorption (Srivastava and Gupta,
1996). In the case of fresh fruits, Ca treated
tomato had higher TSS than control. The
increase in TSS as a result of CaCl, spray may
be refer to the effect of Cl stress, which lead to
higher fruit quality; i.e. TSS and vitamin-C. This
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Table 4. Effect of spray with Ca-chelate and CaCl, and their spray frequencies on fruit chemical
characters of fresh fruit (zero time) and after 14days storage of tomato fruits during

2011 and 2012 seasons

Fresh fruits (zero time)

Tomato fruits after 14 days storage period

Treat: —ISS(%) pH Vit C (mg/100g) ___TSS (%) _pH Vit. C (mg/100g)
2011 Season
T1 62b 3.99a 17.50 ab 7.6 b 3.94d 16.03a .
T2 64b  391c 17.50 ab 7.7b 3.92 f 16.03 a
T3 63b  3.91c¢ 17.00 be 72d 393 ¢ 15.03 ab
T4 64b 389d  16.77bc 7.5¢ 388 ¢ 14.03 b
T5 6.7a 388¢ 18.50 a 79a 395¢ 15.03 ab
Té6 67a 3.96b 17.00 be 6.8 ¢ 3.97a 14.87 ab
T7 6.6a  3.96b 16.00 ¢ 6.7 f 3.96 b 14.03 b
2012 Season
T1 60c 383a 16.77 ab 7.7 ab 377a 1593 a
T2 62bc  3.71a 16.87 ab 7.6 ab 378 a 15.97 a
T3 61c 3.74a 16.37 be 7.1 cd 383 a 14.97 ab
T4 62bc  3.69a 16.23 be 7.4 be 371 a 14.07 b
TS 6.6a 3.58a 17.90 a 7.92 381 a 14.90 ab
Té6 65a 3.82a 16.77 ab 6.8 de 383 a 1473 b
T7 64ab 3.79a 15.30 ¢ 6.6 ¢ 3.82a 13.97 b

Means followed by the same letter (s) in a column within treatment group are not significantly different at

P=0.05 according to Duncan’s multiple range test.
T1 water spray (control),

T3 Ca-chelate foliar spray (every 10 days),

TS5 CaCl, foliar spray (every 5 days),

T7 CaCl, foliar spray (every 15 days).

result was supported by Rady (2012) who found
that increasing calcium rates caused positive
gradual increase in tomato vitamin-C and TSS.

After storage, TSS values were increased in
fruits, Moneruzzaman et al. (2008) reported that
the percentage of pH and TSS were found to
increase with gradual advancement in storage
period. Cheour er al. (1990) came to similar
results.

Nirupama et al. (2010) reported that CaCl,
caused an increase in ascorbic acid content in
tomato fruits which consider as indicator for the
fruit is still in the ripening stage, while a
decrease in vitamin-C indicates a senescent fruit
(Esteves et al., 1984). Earlier investigators, for
example, Yeshida er al. (1984) and
Moneruzzaman et al. (2008) indicated that high
storage temperature increases enzymatic
catalysis and leads to biochemical breakdown of
compounds; i.e., increasing TSS and lowering in
vitamin-C after storage (Table 4) which could
also partly be the cause for results in this study.

T2 Ca-chelate foliar spray (every 5 days),
T4 Ca-chelate foliar spray (every 15 days),
T6 CaCl, foliar spray (every 10 days) and

Sammi and Masud (2007) reviewed that
calcium chloride reduced postharvest decay,
controlled development of physiological
disorders, improved quality and delayed aging
or ripening (Grant et l.1973 and Stanly ¢t «/.,
1995). It improves the skin strength (Mignani ¢/
al.,1995). While, controlling ripening, softening,
storage breakdown, rotting and decay at the
same time (Conway and Sams, 1984; Sams ¢t ¢/.
1993; Izumi and Watada, 1994; Hong and Lee,
1999). It improved the Ca'” contents, lycopene
contents, ascorbic acid contents, firmness index
(Subbiah and Perumal, 1990; Gracia et al.,
1996).

As for Ca% in tomato fruits tissues, data in
Fig. 4 reflect significant differences among
treatments. The highest Ca concentration was
recorded in fruits obtained from tomato plants
sprayed with Ca-chelate every 5 days and the
lowest one was found with control treatment
(water spray, T1) in both growing seasons. The
low Ca content in fruit tissue obtained from
untreated plants may be owe much to the poor



Zagazig J. Agric. Res., Vol. 41 No. (2) 2014 265

Season 2011
an
w 1.0
= 0.3 a
.
2 ® ED] ab abe
S 0.3
- & 2 2 ® ac bt
7 e @ o e
207 c ] < -
3 o o s - ]
i & ~ o
=08 3 =
Sos < N s
l‘-u' L) o
Eo4
o
=03
£
"
LT
3]
Qo - — —-—.. - .
Tl Tz T2 T4 5 R T7

freatme nts

Season 2012
a
= be be o be €
= 2
M H H HHE
=) o o &
m T2 I3 T4 T5 T6 T7

Trteatments

Means followed by the same letter (s) in a column within treatment group are not significantly different at

P=0.05 according to Duncan’s multiple range test.
T1 water spray (control),

T3 Ca-chelate foliar spray (every 10 days),

T5 CaCl, foliar spray (every 5 days),

T7 CaCl, foliar spray (every 15 days).

T2 Ca-chelate foliar spray (every 5 days),
T4 Ca-chelate foliar spray (every 15 days),
T6 CaCl, foliar spray (every 10 days) and

Fig. 4. Effect of calcium sources and spray frequencies on Ca (%) in tomato fruits tissues during

2011 and 2012 seasons

supply of Ca*" to fruits, which resulted in Ca
deficiency in its tissues (Mengel and Kirkby,
2001). The optimum Ca content in higher plants,
is, generally, about 0.5% (on dry weight basis).
High Ca level tended to increase the Ca content
of fruits and leaves (Paiva et al., 1998; Bombiti,
2006; Tuna ct al., 2007). On the other hand, the
values of Ca% in fruits that had BER or not;
explained that BER might not be directly related
to Ca deficiency (Nonami et al., 1995). This
finding was in harmony with the results of the
present study.

Physical Parameters

Regarding fruit physical parameters, data in
Table 5 clear significant differences in firmness
in case of fresh fruits and weight loss (%) at 14
days stored tomato fruits in both growing
seasons. Tomato fruits treated with Ca-chelate
had higher firmness with T2, T3 and T4, while
spraying CaCl, every 10 and 15 days (T6 and
T7) reduced tomato firmness in both growing
seasons. It is clear from the data that, after 14
days storage, fruit firmness was decreased in
both growing seasons by about 22% (average of
two seasons). The lowest weight loss percent
after 14 days storage were obtained with T7 in
both growing seasons.

Results in Table 5 clear that spraying Ca-
chelate produced, in general, the highest fruit
firmness in fresh case. Firmness can be

improved by spraying calcium salts (Cooper and
Bangerth, 1976; Garcia et al., 1995; Bombiti,
2006). Calcium is considered as an important
factor for the maintenance of cell membrane
integrity and middle lamella structure and the
regulation of ion transport (Hanson, 1984;
Barrett et al., 1998). Increasing calcium supply
to plants increased tissue elasticity, rather than
increasing tissue rigidity (Jamal and Kubota,
2006).

Weight loss was mainly affected by storage
duration, storage temperature and treatment
(Kumar et al., 1999). Higher rate of transpiration
in room temperature stored tomatoes could be
the main cause for higher weight loss. Calcium
delayed senescence and rate of respiration in
tomato fruits (Sharma et al., 1996). Agar and
Kaska (1995) and Dhruba and Durga (2006)
came to similar results as the storage period
prolonged the TSS of the fruit increased. In
addition, weight loss is mainly due to the water
loss and that lead to higher concentration of
sugars in fruits during storage.

Color Analysis and Lycopene Content

Table 6 show marked decline in brightness
(L*) of tomato fruits after storage in all
treatments. Audrius ef al. (2008) reported that
when carotenoids started to be synthesized, the
L* value went down, indicating darkening in
tomato red color occurred.
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Table 5. Effect of spray with Ca-chelate and CaCl, and their spray frequencies on firmness and
weight loss % of tomato fruits at zero time and after 14 days storage during 2011 and
2012 seasons

Treat Fresh (Zero time) After 14 days storage
) Firmness (kg/cm’) Firmness (kg/cm’) Weight loss (%)
2011 Season
T1 2.53b 1.83 a 6.6b
T2 290 a 1.80 a 89a
T3 2.87a 1.77 a 8.6a
T4 2.87a 1.87 a 64D
TS 273 a 1.93 a 89a
T6 2.10¢ 1.93 a 7.1 ab
T7 213 ¢ 1.80 a 59b
2012 Season
T1 230b 1.95a 6.2 cd
T2 250 a 2.10a ~ 83ab
T3 2.60 a 2.10a 8.1 ab
T4 2.60 a 1.83 a 6.5cd
TS5 220D 2.00a 87a
Té6 2.00¢ 1.83 a 6.9 be
T7 2.00¢ 1.83a 5.1d

Means followed by the same letter (s) in a column within treatment group are not significantly different at
P=0.05 according to Duncan’s multiple range test.

T1 water spray (control), T2 Ca-chelate foliar spray (every 5 days),
T3 Ca-chelate foliar spray (every 10 days), T4 Ca-chelate foliar spray (every 15 days),
TS CaCl, foliar spray (every 5 days), T6 CaCl, foliar spray (every 10 days) and

T7 CacCl, foliar spray (every 15 days).

Table 6. Effect of spray with Ca-chelate and CaCl, and their spray frequencies on L*, C* and
Hue® of tomato fruits at zero time and after 14 days storage during 2011 and 2012 seasons

Treat Fresh fruits (Zero time) After 14 days storage
: L* C* Hue L* C* Hue
2011 Season
T1 66.0a 47.5 abed 67.0a 502 a 51.2a 244 a
T2 63.5a 44.4 ¢d 603 a 497 a 50.1 ab 22.1a
T3 62.1a 49.3 abc 53.8a 48.8 a 50.1 ab 219a
T4 63.6a 49.8 ab 62.1a 49.4 a 492b 242 a
TS5 64.1 a 435d 62.6a 497 a 48.5b 227 a
Té6 62.6a 51.8a 554a 489 a 48.6b 234 a
T7 65.0a 45.3 bed 63.0a 483 a 4891b 22.1a
2012 Season
T1 66.3 a 46.4 be 68.2a 50.6a 50.6 a 24.8 a
T2 653 ab 42.4 cd 663 a 49.5a 504 a 19.8b
T3 61.5¢ 50.1 ab 5200 50.1a 48.2 a - 208b
T4 62.9 be 49.2 ab 59.6 ab 502 a 48.5a 22.4 ab
TS5 64.9 ab 41.2d 62.5a 500a 476 a 18.6 b
Té6 60.4 ¢ 538a 509b 499 a 475 a 203 b
T7 66.4 a 46.9 be 68.5a 50.0a 478 a 20.1b

Means followed by the same letter (s) in a column within treatment group are not significantly different at
P=0.05 according to Duncan’s multiple range test.

L* (Lightness): Scales from 0 to 100 (0= dark, 100= light)

C* (Chromay): the colorfulness of an area relative to the brightness of the reference white.

Hue angle = tan"'b*/a* [the angle of the color by using a* and b* values on axis (Fig. 1)].

T1 water spray (control), T2 Ca-chelate foliar spray (every 5 days),
T3 Ca-chelate foliar spray (every 10 days), T4 Ca-chelate foliar spray (every 15 days),
TS CaCl, foliar spray (every S days), Té6 CaCl, foliar spray (every 10 days) and

T7 CaCl, foliar spray (every 15 days).
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C* wvalues seems stable or have little
tendency to increase after storage. Hue® angle
(color angle) clearly declined after storage.
Audrius ¢t al. (2008) obtained a similar trend of
the present results, where during fruit ripening
process, the hue® angle had a tendency to
decline, particularly the hue® value was
decreased between ripening stages.

Results of Table 6 show that preharvest
calcium treatments affected positively fruit
ripening according to Hue® values in case of
fresh tomato and after 14 days storage of tomato
fruits comparing to the control.

The initial step required for ensuring
successful marketing is to harvest the crop at the
optimum stage of maturity (Sammi and Masud,
2007). Lopez Camelo and Gomez (2004)
reported that tomato fruit color is one of the
most important and complex attributes of fruit

quality. The complexity of tomato color is due
to the presence of a diverse carotenoid pigment
system, their appearance being conditioned by
pigment types and concentrations, and subject to
both genetic and environmental regulation.
Audrius et al. (2008) reported that tomatoes
were usually consumed at their maximum
organoleptic quality which takes place when
they reach the full red color stage but before
excessive softening. This means that color in
tomato is the most important external
characteristic to assess ripeness and postharvest
life and it is a major factor in the consumer’s
purchase decision.

Data in Table 7 and Fig. 5, show no significant
differences among treatments for color a* values
or lycopene content in both growing seasons,
except for fresh fruits which were significantly
affected by such treatments in the second season
only.

Table 7. Effect of spray with Ca-chelate and CaCl, and their spray frequencies on color a* and
lycopene content of tomato fruits at zero time and after 14 days of storage during 2011

and 2012 seasons

Treat. Fresh fruits (Zero time) After 14 days storage
a* Lycopene (ug/g) a* Lycopene (ug/g)
2011 Season
T1 18.77 a 20.13 a 46.70 a 354.7 a
T2 22.17a 3323 a 46.47 a 4522 a
T3 2920 a 4590 a 46.50 a 450.9 a
T4 2340 a 2593 a 4490 a 362.1 a
TS 20.03 a 2493 a 4473 a 4442 a
T6 2933 a 40.53 a 4453 a 403.7 a
T7 20.50 a 2550 a 4537 a 446.3 a
2012 Season
T1 17.30d 1743 b 4587 a 3483 a
T2 16.80d 22.67b 47.50 a 5729 a
T3 30.80 ab 4943 a 4497 a 520.0 a
T4 25.00 be 31.00b 4473 a 4294 a
TS 19.03 cd 25.07b 45.07 a 639.8 a
T6 3390 a 52.70 a 44.53 a 5439 a
T7 17.10d 17.33 b 44.87 a 543.1 a

Means followed by the same letter (s) in a column within treatment group are not significantly different at
P=0.05 according to Duncan’s multiple range test.
a*; values on axis (Fig. 1), on the horizontal axis, positive a* indicates a hue of red, negative a* green.

T1 water spray (control),

T3 Ca-chelate foliar spray (every 10 days),
TS5 CaCl, foliar spray (every 5 days),

T7 CaCl, foliar spray (every 15 days).

T2 Ca-chelate foliar spray (every 5 days),
T4 Ca-chelate foliar spray (every 15 days),
T6 CaCl, foliar spray (every 10 days) and

bl
N
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Fig. 5. Effect of calcium sources and spray frequencies at zero time and 14 days storage on

lycopene concentration of tomato fruits

Generally, it is clear from the data in Table 7
that color a* and lycopene were increased after
14 days storage, color a* values increased
during storage for all ripening stages (Guill ‘en et
al., 2006). Also, it is clear that before and after
storage period the tomato fruits obtained from
preharvest calcium treatments were higher in
lycopene content than control (T1). The increase
in a* values and lycopene content refered to the
progress in red color. Red color is the result of
chlorophyll degradation as well as synthesis of
lycopene and other carotenoids (Fraser et al.,
1994). The total lycopene content in tomatoes
varies between 90 and 190 pg/g fresh weight
(Baysal and Starmans, 2000), the high level of
lycopene content in Table 7 may owe much to
that it is considered a skin carotene; skin
extracts contain high amounts of lycopene than
other parts of tomato fruits (Sharma and Le
Maguer, 1996). Also Sheetal  and
Ananthanarayan (2007) found that lycopene
concentration is high in tomato peel and they
found that the extraction of lycopene from
tomato peel was about 450 ug/g, while it was
different from those obtained by using whole
tomatoes 70 ug/g.
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