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ABSTRACT
Greenhouse experiments were carried out to study mineral remobilization from senescent
leaves to fruits and quality parameters in fruits of three cherry tomato genotypes (Dimple Idoia and
Dohne). Two weeks old seedlings were planted in plastic pots filled with a mixture of coarse sand and
peat moss. Plants were fertilized once a week for six weeks with six doses of nutrients. All plants
were pruned over the third truss and the excessive branches were directly removed. Fruits were
harvested and were preserved at -18 C for analysis. Minerals were determined in both leaves and
fruits using standard procedures. Sugars, acidity, radical scavenging activity, ascorbic acid and
phytochemical components were also determined in fruits.
Data revealed that, the remobilization of Ca, Mg, and Mn from senescent leaves to fruits was
relatively lower compared with that of K, Fe, Zn, and Cu. However, despite high mobility of P via
phloem, P concentration in senescent leaves was higher than P concentration in fruits.
Results indicated that, Dohne genotype contained higher number of fruits about 50 fruits per
plant followed by Dimple (35), Idoia genotype recorded the lowest number of fruit (28). Idoia
genotype recorded the highest value of the mean fresh fruit weight.
Concentration of K, Fe and Zn in leaves were not influenced by different genotypes. K
concentration in tomato leaves reached zero due the very high K resorption efficiency Although,
Dohne genotype had the highest concentration of calcium in leaves, their fruit recorded the lowest
concentration of Ca. and that in turn caused appearing of blossom-end rot symptoms.
Idoia was associated with lower sugar concentration and higher concentration of acidity in their
fruits. Genotypes had no significant effect on the fruits pH value. Also, Idoia genotype had the lowest
brix value than other genotypes. TSS values in the three genotypes were 10.0, 9.0 and 8.8 % for
Dimple, Idoia and Dohne respectively. Fruit of Dohne genotype contained the highest concentration
of ascorbic acid as compared with other genotypes. Genotype had no effect on lycopene or carotene
content in the fruits.
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Introduction
About half of the world population is suffering from Fe and Zn deficiency (Cakmak and
Kirkby 2008). Thus, increasing mineral allocation to fruits could be useful for enhancing nutritional
value of fruits. Remobilization of short or mid-term storage of macro-and micronutrients within the
plant occurs during vegetative growth. When availability of minerals in soil is inadequate, then source
leaves support growth of new organs (Malagoli et al., 2005 and Abdallah et al., 2010).
Remobilization process also occurs during generative growth as soon as root activity and nutrient
uptake have been depressed while new sink organs are emerging (Malagoli et al 2005). Finally,
remobilization of nutrients is regularly associated with foliar senescence, consequently nutrients
availability for younger plant organs (fruit for example) is enhanced (Himelblau and Amasino 2001,
Fischer 2007, Avice and Etienne 2014).With exception of Ca, macronutrient have high mobility via
phloem, while micronutrient have moderate mobility via phloem with exception of Mn (white 2012).
A few studies described remobilization of nutrients during plant senescence (Hocking and Pate1977;
Himelblau and Amasino 2001; Waters and Grusak 2008; Moreira 2009; Maillard et al 2015) they
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reorted that macro-and micronutrient mobility within plant varies depending on plant species
(Hocking and Pate1977; Himelblau and Amasino 2001 Maillard et al. 2015).
Furthermore, nutrient remobilization of different ecotypes of the same species were
investigated where, with exception of K, remobilization of some nutrient was genetically affected
whereas Ca, Mg and Mn were not-remobilized (Waters and Grusak, 2008).
Tomato is one of the most widely consumed vegetables in the world. It ranks second after
potato in the global vegetable production (FAO, 2016). China, the USA, Turkey, Egypt, and India are
the most important producing countries. Tomato fruits contain many bioactive components, including
those that act as antioxidant, such as vitamins C and E and many carotenoids and the main carotenoid
in tomato is lycopene. Sometimes tomatoes is assumed to be responsible for the positive health effect
as seen with increased intake (Nguyen and Schwartz, 1999; Canene-Adams et al., 2005). The small
sized tomatoes (cherry) contain high sugar content and low acidity - the major contributors to tomato
flavor. In plant-breeding programs, they used both traditional and molecular methods to increase
lycopene in tomatoes (Ronen et al., 2000; Thompson et al 2000). Also, the modification of flavonoid
and other phenols biosynthesis pathway lead to increase of antioxidant (Muir et al. 2001; TomasBarberan and Espin 2001; Bovy et al., 2002; Verhoeyen et al., 2002; Schijlen et al. 2004). Selection
of small and highly colored tomatoes (high pigment genes) by growers and market distribution chains
optimizes fruit levels of carotenoids, flavonoids, and vitamin C, and consequently its nutritional value
and health benefits. Recently, cherry tomato has higher concentration of lycopene followed by cluster
and round tomato genotypes (Kuti and Konuru, 2005).
Thus, new genotype of tomato along with enhanced nutritional value and potential health
benefits are being developed Therefore, the aims of the current study werefirstlyto determine nutrient
remobilization from senescent leaves to tomato fruits, and secondly toassess the correlation among
nutrients and some quality parameters in three different tomato genotypes (Dimple, Idoia and Dohne).
Material and Methods
The experiments were carried out in greenhouse at Experimental farm of the NRC. Substrate
was prepared from mixtures of the coarse sand and peat moss (1:1) by volume, the substrate was
placed in plastic pots (10 cm diameter) each pot contained one kg substrate. Seeds of three tomato
varieties from Syngenta Co. (Dimple Idoia and Dohne) were sown in germinating tray. Two weeks
after sowing, seedlings were transferred to individual plastic pots (one plant per pot) and three
replicates for each treatment. Fertilization started after 34 days from sowing where, plants were
fertilized once a week for six weeks with six doses of nutrients. The total added amount of N and K
was 1.2 g pots-1 the rest of nutrients (P, Ca, Mg and S) were 0.6 g pot -1.
All plants were pruned over the third truss and the excessive branches were directly removed.
Plants were harvested at senescence stage of their leaves. Fruits and shoots were harvested and saved
at -18 0C and 65 oC for analysis respectively.
Determination of minerals
Total concentrations of K, Mg and other elements in plant material was determined by
ICP=OES (IRS/AP) with the pretreatment of dry-ash at 550 °C for 5 h.
pH values: pH points were determined with a pH meter equipped with calomel and glass electrodes.
Determination of total soluble solids:
Total soluble solids of the tomato samples were determined (in triplicate) as °Brix by using
Abbe’s refractometer.
Determination of sugars
The soluble sugar fraction was measured. Soluble sugars in the collected extracted were
determined using the anthrone method (Seifter et al. 1950).
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Determination of acidity
Acidity of the samples were determined (in triplicate) by acid base titration (Lacey et al., 2009).
Percentage acid = Titer x acid factor x 10/10 (ml juice) Factor for citric acid is 0.0064(citrus fruit)
Radical scavenging activity
Radical Scavenging Activity (RSA) of freshly prepared tomato juice was assayed with DPPH
(2, 2-diphenyl-1-picrylhydrazyl) (10 – 4 M) previously dissolved in methanol according to Ramadan
et al. (2003). % DPPH radical scavenging activity = [(Ao– A1 /Ao) x 100]
Where
Ao is the absorbance of the control,
A1 is the absorbance of sample extract
Determination of ascorbic acid
Ascorbic acid measuring by titration of tomato extraction against 0.02% 2.6
Dichloroindophenol dye until the juice turned to permanent pink (Subramanian et al. 2006). Similar
titration was performed for standard ascorbic acid solution (100 mg ascorbic acid in 100 ml of 4%
oxalic acid).
Determination of total phenolic content (TPC):
Total phenols were measured using the Folin-Ciocalteau method (Spanos and Wrolstad 1990),
Modified by Lister and Wilson (2001).
Phytochemical components:
Lycopene and β-carotene contents were calculated according to the Nagata and Yamashita
(1992).
Results and Discussion
Three genotypes of tomato were supplied with optimal amount of nutrients, plants were pruned
by cutting the main stem after second truss. Photos of three different genotypes revealed that Idoia
stem was in straight position in comparison to stems of Dimple and Dohne genotypes which tended to
be in spiral position, that means Dimple and Dohne genotype had to be hung with a thread to the
ceiling of the greenhouse (Fig.1). Obviously, nutrient deficiency symptoms appeared on below leaves
due to remobilization of most mobile nutrients to above leaves or fruits, last fruit was harvested when
most leaves were already in senescence stage. That caused reduction in nutrient resorption proficiency
in leaves.
All parameters related to fruits were significantly affected by genotype, Dohne contained
higher number of fruit about 50 fruits per plant followed by Dimple (35), and Idoia genotype recorded
the lowest number of fruit (28). Idoia genotype recorded the highest value of the mean fresh fruit
weight (10.4 g), mean of surface area (30.9 cm2) and mean of fruit volume (13.7 cm3 fruit-1), (Table
1 a). In contrast, Dimple genotype had the lowest values of mean fresh fruit mass (4.7 g), surface area
of fruit (18.8 cm2) and fruit volume (6.3 cm3) as this genotype has the smallest fruits. The important
parameter is surface area to fruit volume ratio, where, this ratio was 3.0 in Dimple genotype whereas,
Idoia genotype recorded the lowest ratio (2.3). The increment of this ratio indicated that fruits have
the opportunity for accumulation of lycopene because, it is well documented that lycopene
concentrates in fruit peel (Papaioannou and Karabelas, 2012).
Quality parameters of the studied fruits varieties were estimated by the determination of their
content of sugar, acidity, and TSS and pH value. Data in Table (1) summarize the quality evaluation
parameters of the tomato fruits. The data comparison between Dimpel, Idoia and Dohne genotype,
Idoia was associated with lower sugar concentration and higher concentration of acidity in their fruits.
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Genotypes had no significant effect on the pH value in fruits, Dimpel genotype had the higherobrix
value than other genotypes. oBrix in the three genotypes were 10.0, 9.0 and 8.8 % in Dimpel, Idoia
and Dohne respectively. The results of titratable acidity extractions are displayed in the same table.
The highest concentration of TA was observed in the Dohne genotype (83.50%), while the lowest was
in the Idoia (60.60%). The soluble solid content and titratable acidity were the major factor of
acceptable flavor quality of fruits (Pattee, 1985 & Eskin, 1991).

Dimpel genotype
Idoia genotype
Dohne genotype
Fig. 1: Three genotypes of cherry tomato plants supplied with the same amount of nutrients
Tomato fruit extracts were used to study their phytochemical compounds and antioxidant
activity. Plants produce such compounds for defense against insect infection or pathogens. For
humans, these, compounds have important role in scavenging free radical from their bodies.
Scavenging the steady DPPH model is a widely-used technique to estimate antioxidant activity.
DPPH is a stable free radical with distinguishing absorption at 517 nm and antioxidant compounds
react with DPPH and convert it to 2.2-diphenyl 1-picrylhydrazine. The degree of discoloration
indicates the scavenging prospective of the antioxidant compounds extract, which is attributed to the
hydrogen donating ability (Van Gadow et al., 1997). DPPH radical-scavenging abilities of the three
tomato fruit varieties extracts are shown in Table (1)
Mean values were found to be 39.3, 42.5 and 42.6 % in Dimpel, Idoia and Dohne genotypes
respectively. The most important vitamin in fruits and vegetables for human nutrition is ascorbic acid
(Vitamin C). Vitamin C is a water-soluble antioxidant which is scavenging free radical from human
body and therefore, it is considered important for human health (Lee et al., 2000; Bello and Fowoyo,
2014). For cherry genotype extracts, the ascorbic acid mean values were in the range 10.7 to 15.3 mg
/100g. Fruit of Dohne genotype contained the highest concentration of ascorbic acid as compared with
other genotypes. Phenols are very important plant constituents because of their scavenging capability
of free radical due to their hydroxyl groups (Hemi et al., 2002). The total phenolic content for all
genotype extracts are shown in Table (1). The TPC mean values were of the range 57.9 to 49.9
mg/100g. Dimpel genotype recorded the highest TPC compared with Idoia and Dohne genotypes. The
relation between RSA and TPC is due to substitution of hydroxyl groups in the aromatic rings of
phenolic, thus contributing to their hydrogen-donating ability (Yen et al., 2005). The most efficient
carotenoid antioxidant is lycopene. Lycopene is an important intermediate in biosynthesis of vitamin
A precursor carotenoids like ß-carotene and ß-kryptoxanthin (Fraser and Bramley 2004). Lycopene
content as mg/100g fruit in three cherry tomato showed in Table (1). Data revealed that genotypes had
no effect on lycopene content or carotene concentration in their fruits.
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Table 1: Fruit parameters and health-promoting compounds concentration in fruits of three tomato genotypes
(Dimple, Idoia and Dohne) grown in peat and sand substrate.
Dimple
Idoia
Dohne
Growth parameters
a) Fruit parameters
Number of fruit
35±1b
28± 2c
48±0.3 a
Mean of fruit surface area (cm2 fruit -1)
18.8±0.3 c
30.9±0.7 a
23.9±0.6 b
Mean of fruit weight (g fruit -1)
4.7±0.1 c
10.4±0.3 a
7.1±0.5 b
Mean of fruit volume (cm3 fruit -1)
6.3±0.2 c
13.7±0.4 a
8.7±0.6 b
Surface area of fruit: mean of fruit volume
3.0 ±0.2 a
2.3 ±0.1c
2.8±0.2b
b) Taste parameters
pH values
4.04± 0.02
3.94± 0.03
4.02± 0.01ns
0
Brix values
10.0± 0.2 a
8.8± 0.2 b
9.0± 0.1 b
Sugar % (based on FM)
2.61±0.21 a
1.82±0.10 b
2.35±0.04 a
Acidity% (based on FM)
64± 2 b
84± 4 a
61± 1 b
Taste values (sugars to acidity)
0.04 ±0.002a
0.02 ±0.001b
0.04± 0.002a
c) Health-promoting compounds
RSA %
39.3± 1.1
42.5± 2.2
42.6± 0.3 ns
Ascorbic acid (mg 100 g -1 FM)
11.1± 0.3b
10.7± 0.3b
15.3± 0.9a
Phenols (mg 100 g -1 FM)
57.9± 2.8
54.0± 1.6
49.9± 0.4 ns
Lycopene (mg 100 g -1 FM)
3.4± 0.3
3.0± 0.1
3.2± 0.1ns
Carotene (mg 100 g -1 FM)
1.9± 0.3
1.4± 0.2
1.6± 0.2ns
ns,*non-significant or significant at P≤0.05 respectively. Different letters within each column indicate significant differences
according to Tukey-Kramer test at 0.05. Data are expressed as average (n=3) ±SE

Plants were harvested at senescence stage of their leaves, therefore, the nutrient content in
leaves reflects resorption proficiency of nutrients (the portion of the nutrient pool in leaves which was
not transported to fruits) (Farahata and Linderholm. 2015). There were significant differences among
tomato genotypes with respect to Ca, Mg, P and Mn concentration in their leaves. However, tomato
genotype had no significant effects on nutrient concentration in fruit. Dohne genotype was associated
with higher Ca concentration in leaves (33mg g-1 dm) as compared to Idoia and Dimple genotypes (28
mg g-1 dm). In comparison of Dimple and Dohne, Idoia was associated with higher Mg concentration
in leaves. However, P concentration increased in leaves of Dohne plants followed by Idoia genotype
whereas, P concentration in leaves of Dimple genotype was the lowest concentration of K, Fe and Zn
in leaves were not influenced by different genotypes. Concentration of K in tomato leaves almost zero
due to net remobilization of most K from leaves to fruits. Although, Dohne genotype contained the
highest concentration of calcium in leaves, their fruit contains the lowest concentration of Ca. and that
in turn caused appearance of blossom-end rot symptoms (Fig.2) which is a physiological disease
associated with localized shortage of Ca in the fruits (Douglas 2010). Ca and particularly Mg
concentration in fruits of different genotype are severely low in comparison with their concentration
in leaves. It is well documented that Ca having low phloem mobility (Maillard et al., 2015) but Mg is
relatively mobile via phloem (White, 2012).

Fig. 2: Blossom end rot symptoms on Dohne genotype fruits of tomato
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The obtained results indicate no differences between Ca and Mg in respect of their
remobilization within tomato tissues, both elements have low mobility in phloem. Also, surprisingly P
concentration in senescent leaves were higher than its concentration in fruit which consequently leads
to increased P resorption proficiency in senescent leaves. Zn and Cu concentration in fruits tended to
be higher than their concentration in leaves, in contrast Mn concentration in fruits was severely lower
than its concentration in leaves. Mn concentration in fruits represented 13 % of Mn concentration in
senescent leaves, seemingly due to the low Mn phloem mobility (White 2012, Maillard et al., 2015).
On the other hand, Fe concentration in fruit was extremely higher than its concentration in
leaves, these results illustrated that plants contained adequate content of amino acid because these
elements require amino acid as a carrier for micronutrient transport via phloem. These results also
revealed that tomato plants have high selectivity in terms of micronutrients remobilization from
senescent leaves to fruits.
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Fig. 3: Nutrients concentration in leaves and fruits of three different varieties of tomatoes.
Relationship between different parameters
The positive correlation between health-promoting compounds and nutrient composition as
well as among nutrients themselves is observed in Table 2. Nutrient composition and phytochemicalantioxidant were strongly correlated r = 0.803 to 1.000 (Table 2). Acidity and lycopene were
correlated to macronutrient (Ca, Mg P and K). This correlation results from the role of these nutrients
in balance the charges of soluble organic anions and inorganic in cytosol (White 2012). The positive
correlation between K and lycopene indicates the role of K in regulating lycopene formation in tomato
fruit by stimulation of specific enzymes (Bramely, 2002). K plays a role in carotenoid biosynthesis
process by activating enzymes (pyruvate kinase and phosphofructokinase) that regulate carbohydrate
metabolism (Li et al., 2006, Fanasca et al., 2006), Also, K effect on the precursors of isopentenyl
diphosphate (pyruvate and glyceraldehyde 3-phosphate) was reported by Serio et al. (2007).
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Phytochemical-antioxidant and nutrient composition. Parameters Ca highly correlated to Zn
concentration. On the other hand, the antioxidant activity when assayed by RSA methods revealed a
higher level of correlation (r = 0.999) between antioxidant activity and Fe (r=0.999) or Mn (r=0.953).
The positive correlation between acidity and macronutrient (Ca, Mg, P and K) was observed, this was
attributed to the produced organic acids by plant. The positive correlations among macronutrient (Ca,
Mg, P and K) can be attributed to balanced fertilization. Furthermore, Mohammed (2013) found
synergistic effect between K and Mg with reduced K supply led to decrease not only in K but also Mg
concentration in tomato fruits, despite high Mg concentration in source leaves (Mohammed 2013).
There were no positive correlations between macro- (Ca, Mg, P and K) and micronutrients (Fe, Mn
and Zn). Fe was positively correlated with Mn. Results indicated high correlations among nutrients
themselves and no correlation between nutrients and other growth parameters in tomato fruits.
Generally, results showed strong correlation and high level of relationship between nutrient
composition and phytochemical content.
Table 2: Correlation coefficients (r) phytochemical-antioxidant and nutrient composition.
Ca
Mg
P
K
Fe
Mn
Parameters
Acidity
0.984
0.995
0.995
0.990
0.300
0.039
RSA
0.168
0.433
0.435
0.201
0.999
0.953
Phenols
0.336
0.064
0.061
0.305
-0.891
-0.979
Lycopene
0.981
0.890
0.888
0.974
-0.068
-0.327
Carotene
0.212
-0.065
-0.068
0.179
-0.942
-0.997
Ca
1
0.961
0.961
0.999
0.127
-0.138
Mg
0.961
1
1.000
0.970
0.395
0.140
P
0.961
1.000
1
0.969
0.398
0.143
K
0.999
0.970
0.969
1
0.16
-0.105
Fe
0.127
0.395
0.398
0.160
1
0.965
Mn
-0.138
0.14
0.143
-0.105
0.965
1
Zn
0.231
-0.046
-0.049
0.198
-0.936
-0.996

Zn
0.625
-0.523
0.873
0.866
0.803
0.231
-0.046
-0.049
0.198
-0.936
-0.996
1
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