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ABSTRACT 

This study was aimed to investigate the effects of boron on Ca movement, yield, and quality 

of tomatoes. A soilless culture experiment with three levels of B (0, 25, and 50 µM) and 

three concentrations of Ca (2, 4, and 8 mM) was carried out to grow tomatoes. The results 

showed that although the application of boron to the sample was more effective in the 

vegetative growth and the fruit induction, resulting in higher numbers of fruit, the addition 

of Ca could more effectively enhance the weight and quality of the fruit. With B application, 

Ca-symplast increased, while pectin methylesterase activity decreased, resulting in less 

Blossom End Rot indices and more fruit firmness. The Ca-transfer index from apoplast to 

symplast slightly increased with the B application. Overall, in terms of fruit quality and 

quantity, the best result was seen in higher Ca application as well as higher B 

concentrations. Although exogenous boron could help Ca absorption in the root and the 

shoot, it lowered the Ca transfer from xylem to apoplast and symplast, from shoot to fruit, 

and from the proximal to distal end of the fruit. Nevertheless, loading 4 and 8 mM of Ca 

seems to provide enough calcium reserves in fruits to have better quality and yield. 
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Abbreviations: Time to harvest (TH), Fresh weight (FW), Dry weight (DW), Water content (WC), 

Photosynthesis rate (Pn), Pectin methylesterase (PME), concentration (Conc.), xylem (Xy), 

Symplast (Sym), Apoplast (Apo), Blossom End Rot (BER), Transfer factor (TF)  

 

Introduction 

There have been numerous studies on the effect of boron, applied through the irrigation system, on 

tomato growth. Boron, regardless of the kind of application method, increased the tomato growth, 

K, Ca, and boron concentration of plant tissues; it also improved the fruit set, fruit yield, and fruit 

firmness of the fruit. It was seen that Nitrogen increased in the field experiment with the application 

of boron, though the hydroponic culture did not support the same results. The study showed that 

boron transfers through the phloem increased its concentration in the fruit (Davis et al., 2003). 

Thus, it seems that the method of application and the media under culture affected the calcium and 

boron uptake and their role in the plant (Ashraf et al., 2018). 

Boron deficiency can cause yield reduction and may delay the ripening of tomatoes, leading to 

a decline in the concentrations of other nutrients, such as calcium (Bolanos et al., 2004). Blevins 

et al. (1993) reported that boron has a significant influence on the plasma membrane of the plant 

cells and ion transport, and can increase the levels of K, Ca, and Mg in the leaves. Although boron 

can be supplied to tomatoes as a dry fertilizer (Mortvedt & Woodruff, 1993), the formulation of 

dry boron is challenging to manage due to the minimal amounts of dry boron required. As well as 

there is a narrow range of deficient-to-toxic levels of boron in the soil (Reisenauer et al., 1973). 

Eraslan et al. (2007) examined the effect of boron toxicity on tomatoes and pepper growth. The 

results of their experiment showed that the dry weight of tomatoes and pepper increased with 

increasing the levels of boron from 0 to 0.5 mgl-1. At the same time, the toxicity symptoms of this 

element appeared at higher levels. The interactions between these two substances, i.e., calcium and 

boron, in higher plants have also been studied, showing that calcium and boron have great 

importance for plants (Sahin et al., 2015). The symptoms of boron deficiency in tomato plants got 

highly pronounced when the calcium concentrations increased, and the signs of boron toxicity in 

tomato plants were considerably highlighted when the calcium concentrations decreased 

(Yamauchi & Hara Sonoda, 1986). The concentrations of calcium and boron affected the calcium 

and boron contents of the leaves and fruits of the tomato plants. Calcium application significantly 
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increased the Ca contents of the leaves, and boron application increased the boron content of the 

leaves (Sahin et al., 2015). 

Boron has a significant effect on the growth, development, production, and quality of tomatoes 

(Naz et al., 2012), and plays an essential role in flowering and fruit formation (Harris et al., 2015). 

Calcium and boron have essential influences upon parameters of fruit quality, including fruit 

cracking, fruit color, fruit firmness, blossom end rot (BER), sugars, and some other standard 

properties of tomatoes and strawberries (Wojcik & Lewandowski, 2003; Heckman, 2009; Huang, 

& Snapp, 2009). The occurrence of BER is affected not only by the calcium but also by the boron 

(Ashraf et al., 2018). Calcium improved plant growth and fruits, while boron improved plant yield 

and quality (Güneş et al., 2011; Akram et al., 2013). The dry weight and yield of fruits are also 

affected by the boron concentrations (Sahin et al., 2015). The primary way for the transfer of 

calcium and boron to fruits is the direct transmission from the roots through the xylem (Ho et al., 

1993). The absorption and transfer of calcium and boron in the plant are highly dependent on 

transpiration. Accordingly, calcium and boron concentrations in the non-transpiration organs, such 

as fruits, are less than those in the transpirational organs, such as leaves (Saure, 2005). 

 The current study, therefore, initiated to investigate the influence of the application of boron to 

calcium absorption and their mutual effects on the growth, yield, and fruit quality of tomatoes. We 

tested two hypotheses: (a) the supply of boron affects the allocation of Ca to different parts of 

plants, and (b) the growth and fruit quality respond to the supply of boron when fertilized with NO3 

in the greenhouse and virtual condition as previous work focus on the experimental condition. The 

hypotheses were then tested in a study conducted in a greenhouse using Lycopersicon 

esculentum Mill. cv. Valero was supplied with different concentrations of boron and calcium at a 

constant NO3 level. We measured the significant fractions of Ca in the plant (in xylem, symplast, 

and apoplast) to derive a mechanistic basis concerning the relationship between boron and calcium. 

 

Materials and methods 

Plant growth and experimental setup 

Tomato seeds (Lycopersicon esculentum Mill. cv. Valero) were germinated in flat trays and the 

uniform seedlings with four true leaves were transplanted in 5L plastic containers filled with the 

cocopeat: perlite (1:1 V) as a substrate. The seedlings were maintained under glasshouse conditions 
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with 20/28°C (night/day) of temperature, the midday photosynthetic photon flux density (PPFD) 

ranged from 300 to 1500 μmolm-2s-1, and 60 - 85% of humidity. The plants spacing was 40 cm and 

80 cm within and between rows, respectively. Vertical threads and plastic rings supported the main 

plant stems. Plants were not pruned during growth. The plants received a modified Johnson's 

nutrient solution for which EC and pH were kept at 2.0 ± 0.2 dSm–1 and 6.0±0.3, respectively, 

using HNO3 or H3PO4.  The nutrient solution was used equally (500 ml) per plant during the 

growth, according to boron and calcium concentrations as the treatments (Jones, 2004). 

 

Treatments 

A factorial experiment was conducted according to a completely randomized design with four 

replicates and three plants per replication at the Faculty of Agriculture of the Isfahan University of 

Technology, Isfahan, Iran (32◦39' N, 51◦40' E; 1600 m). After establishment, tomato plants were 

subjected to three levels of boron in nutrient solution consisted of 0 (B1), 25 (B2), and 50 µM (B3), 

which were provided by H3BO3. Calcium was supplied by Ca(NO3)2 at three concentrations, 

including 2 (Ca1), 4 (Ca2), and 8 mM (Ca3) that were selected based on half, equal, and twice of 

concentrations suggested in Johnson nutrient solution, respectively.  

 

The measured parameters 

Growth parameters of tomato 

At the 12th week after transplanting, plant height and stem diameter were measured and then 

removed from each container. Plants are divided into roots and aerial parts each weighed 

separately. To determine the dry weight, plant samples were oven-dried at 70 °C for 48 hours then 

powdered for the nutrient concentration analyses.  

 

The interactive effects of Ca and B on photosynthetic rate (Pn) and chlorophyll analysis 

The third youngest fully expanded leaf measured the net photosynthesis and the chlorophyll 

content. Photosynthesis was measured using a portable photosynthetic system, Li-6400 (LI-COR, 

USA) between 11:00 am and 1:00 pm at light saturation intensity. Chlorophyll was measured using 

a portable SPAD meter (Minolta model 502 plus). 
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Regarding the time to harvest (TH), the time of fruit harvest from transplantation was measured to 

evaluate the effects of treatments on the fruit earliness. The index of the harvest was the days 

between transplantation until the color breaking. The yield of the fruits was harvested four times 

at the breaker stage (just turning pink at the blossom end), graded, weighed (FW), and oven-dried 

at 70 ° C for 48 hours (DW). The fruits were graded into marketable forms and BER indices. The 

weight of marketable types and BER indices per plant was presented as the yield.  

 

Relative water content 

Water contents were measured in shoot, root, and fruit tissues according to Ritchie et al. (1972). 

The sample fresh weight (FW) was determined immediately after cutting tissue. Turgid weight 

(TW) was obtained after submerging samples in distilled water for 12 h at 4°C. Finally, the samples 

were oven-dried at 70°C for 3 days and dry weighed (DW). RWC was estimated using the 

following formula presented by Ritchie et al. (1972).  

 

The fruit firmness  

The firmness of the fruit was measured based on skin puncture strength of fresh intact fruit using 

a penetrometer (Model OSK-I-10576) (Taylor et al., 2002).  The firmness of each fruit was 

measured twice at the equidistant points, with the two measurements taken at a 90-degree angle to 

each other. These values were averaged and recorded as the firmness values in kgfcm-2.  

 

Anthocyanin content of fruit  

Total Anthocyanin was measured according to the methodology proposed by Distefano and 

Cravero (1989). Anthocyanins content was extracted by the solution of hydrochloric acid 1% at 70 

C. The clear supernatant was cooled and kept in a 1000-ml volumetric flask. The other extractions 

(3-5 times) were made up to the complete decolorizing of tomato pieces and the supernatants were 

collected. Anthocyanins were measured by the optical density of the supernatant samples at 520 

nm using a spectrophotometer (Model: Lambda EZ 201, AMERICA North (USA-Canada-

Mexico), and the results were expressed as cyanidin-3-O-glucoside equivalent (mg 100g-1 FW).  

 

Lycopene content 
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For this, a total of 2 g of sample tomato powder were weighed and inserted into a 100 ml flask 

wrapped in aluminum foil to protect from light. Then, a 25 mL mixture of solvents (hexane: 

ethanol: acetone in 2:1:1 v / v) was added to dissolve carotenoids.  The mixture was shaken for 30 

min using a magnetic stirrer at 1500 rpm and then 10 mL of distilled water was added, followed 

by 10 min agitation. After 15 minutes of rest, the solution was left to separate into polar and non-

polar (containing the lycopene) layers. The lycopene content of the upper lycopene-bearing hexane 

layer, expressed as mg 100 g-1FW, was determined at 470 nm using a UV-Vis spectrophotometer 

Fischer et al. (2002). 

 

Pectin methylesterase (PME) activity 

To measure pectin methylesterase (PME; EC 3.1.1.11) activity, fruit tissue (1.00 g) was 

homogenized with 15 mL of 8.8 % NaCl containing 10 g L−1 PVPP (polyvinylpyrrolidone). The 

extract was centrifuged at 12,000 × g for 20 min. All phases of the extraction were done at 4°C and 

the supernatant was used to determine the enzyme activity. For enzyme assay, the reaction (950 μl) 

mixed of 150 μl of 0.05 % bromothymol blue, 600 μl of 0.5 % (w/v) pectin, 100 μl of distilled 

water, and 100 μl of enzyme extract. This reaction was thoroughly mixed and incubated for 30 min 

at a temperature of 37 °C. The activity was determined by a rise in the absorbance at 620 nm using 

a spectrophotometer. The specific activity of the enzyme was expressed as A620 min-1mg-1 protein. 

Total protein content was estimated according to the procedure described by Bradford (1976), with 

BSA as a standard. 

 

The interactive effects of exogenous B on Ca and B movement in plant 

To access Ca and B in the parts of plants, 12 weeks after transplanting, at the end of the experiment, 

four plants were randomly selected from each treatment, and the shoot, the root, and the fruits were 

subsequently separated. The fruits were also divided into proximal and distal parts by scalpel used 

for measuring Ca and B. The Leaflet samples were taken from the petiole of the fourth leaf, from 

the growing tip, to evaluate the B and Ca at the time of harvest. To determine the concentrations 

of boron in different parts of the plants, the tissues were washed with tap water, then, kept for 30 s 

in 0.2 N HCl, and finally rinsed with distilled water (Williams and Nelson, 1992). All samples were 

weighed, dried (at 70 °C for 72 h), reweighed, ground in a stainless steel mill, and were dry-ash at 
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500 °C. The dry powder sample was dissolved in 1N HCl. The extract was analyzed using a 

spectrophotometer at a wavelength of 420 nm (Keren, 1996). The concentrations of calcium in 

different parts of the plant were determined by the amount of calcium in the shoot, the root, the 

proximal, and the distal end of the fruit, measured by an atomic absorption device (model: of Perkin 

Elmer, AA200) (Sharifi et al., 2014). 

The xylem sap was collected from the stem cut below the second leaf to specify the calcium in 

the xylem. After removing the first droplet with a blotting paper, the sap dripping from the cut 

surface was collected within the tubes placed on ice for a period of 3-6 h; six replicates were used 

to collect 2-8 ml sap (Satoh et al., 1992; Rep et al., 2002). The extraction and measurement of the 

calcium in the symplast and apoplast were done based on the younger leaves, which were chosen, 

weighed, vacuum-infiltrated with demineralized water, dried, and then reweighed. The infiltrated 

leaves were rolled around a 25-ml plastic syringe with a polyethylene foil, placed in a 50-ml plastic 

syringe having a 1.5ml Eppendorf cup at its tip, and were centrifuged at 440 g for 15 min duo to 

the apoplast detached from leaves (Seling et al., 2000; Rohringer, 1983). The calcium of the 

symplast was measured by subtracting the concentrations of the calcium of the leaves from those 

of the apoplast calcium. The translocation factor (TF) was measured using the translocation of 

calcium and boron from different parts of plants was measured using TF formula given below, and 

the same method was used for TF in other parts of the plant: 

TF root to shoot = (Metal Conc. in Shoot/ Metal Conc. in Root) (Kalinowska et al., 2013). 

 

Statistical analysis 

Data were analyzed using two-way ANOVA using Statistix 8 (Tallahassee FL, USA). The 

percentage of Ca and B in different parts of plants were calculated to compare the partitioning 

response to the boron and Ca treatments. The significant differences among the means of the 

treatments were determined by the least significant difference, i.e., LSD at p < 0.05. 

 

Results 

Based on the results of statistical analysis of data obtained during different stages of the experiment, 

it is observed that the interaction effect of different concentrations of calcium and boron on the 

fresh and dry weight of shoot, root, and fruit, the water content of shoot, root, and fruit, shoot length 
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and diameter, fruit length and diameter, fruit shape, number of fruit per plant, fruit firmness, 

chlorophyll, photosynthesis, anthocyanin, lycopene, TH, PME activity, boron concentration in 

shoot and root, calcium concentration in the shoot, root, xylem sap, apoplast, and symplast were 

significant at 5% level. The interaction effect of different concentrations of calcium and boron did 

not have any significant effect on yield, ion leakage, boron concentration in fruit, and calcium 

concentration in fruit, proximal and distal end of the fruit (Table 1). 

The effect of different concentrations of calcium on the fresh and dry weight of shoot, root, and 

fruit, the water content of root, shoot length and diameter, fruit length and diameter, fruit shape, 

number of fruit per plant, fruit firmness, ion leakage, chlorophyll, photosynthesis, anthocyanin, 

lycopene, TH, PME activity, boron concentration in the shoot and fruit, calcium concentration in 

the shoot, root, fruit, the proximal and distal end of the fruit, xylem sap, apoplast, and symplast 

were significant at 5% probability level. The effect of different concentrations of calcium did not 

have any significant effect on the water content of shoot and fruit, yield, and boron concentration 

in shoot and fruit (Table 1). 

The effect of different concentrations of boron did not have any significant impact on the water 

content of shoot, root, and fruit, yield, fruit shape, fruit firmness, ion leakage, anthocyanin, boron 

concentration in the root, and calcium concentration in shoot and root (Table 1). 

 

The interactive effects of Ca and B on yield and fruit quality 

FW and DW of the shoot and the root significantly decreased with increasing the concentrations 

of the calcium. The highest FW and DW of the shoot and the root were seen at the high level of 

boron and low level of calcium. The water content of the shoot was not affected by the treatments. 

Generally, the vegetative growth of tomatoes increased in Ca1, while boron increased the given 

growth even further (B3) (Figure 1a-f). The shoot length also decreased with increasing calcium, 

while B3 effectively increased the height, especially in Ca1 and Ca2 (Figure 2a). Conversely, 

calcium increased the shoot diameter at all levels of boron. On the other hand, increasing the 

concentrations of boron decreased the shoot diameter. Thus, the highest shoot diameter was seen 

in Ca3×B1 (Figure 2b). FW and DW of the fruits decreased with increasing the concentrations of 

calcium and boron. Therefore, the heaviest fruits were observed in Ca1×B1. The water content of 

the fruits increased in B2 when Ca1 and Ca2 were applied (Figure 3a-c). Yield also increased with 
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increasing boron at all levels of calcium. The highest yield was seen in Ca3 ×B3 (Figure 3d). Fruit 

length and diameter also decreased with increasing Ca. The length/diameter ratio increased with 

increasing the level of boron in each calcium concentration. The longest and the widest fruits were 

seen in Ca3×B3 and Ca1×B1/B2, respectively (Figure 4a-c). The number of BER fruits decreased 

with an increase in the calcium concentrations at all levels of boron. The Ca3×B1 had no BER 

fruits, while the Ca1×B3 included the highest number of BER fruits (Figure  4d). The number of 

fruits increased in Ca3 at all levels of boron and reached the maximum in B3 (60.71 %). The lowest 

number of fruits was in Ca1×B1 (Figure 5a). The firmness of the fruits also increased in Ca3 at all 

levels of boron. For the lower levels of Ca (Ca1 and Ca2), boron increased the firmness of the fruits 

in B2 and B3 (Figure 5b). Ca3 sharply increased anthocyanin (mean 4.93 %) at all levels of boron, 

while boron decreased anthocyanin, especially when calcium was at the highest level (Ca3) (Figure 

6a). Ca also improved lycopene, while boron did not affect lycopene at any Ca levels (Figure 6b). 

Time to harvest (TH) was extended in Ca3, and the earliest fruit harvest was seen in Ca1. Boron, 

however, was not effective in this regard (Figure 7a). The PME activity decreased with increasing 

the Concentrations of boron and calcium (Figure 7b). 

  

The interactive effect of Ca and B on photosynthesis  

Chlorophyll and Pn decreased by adding boron to the nutrient solution, while calcium improved 

them significantly. The effective index for Pn and chlorophyll was increased in Ca3×B1 by 43.00 

% and 29.34 %, respectively, compared with Ca1×B1. Thus, calcium was more effective in Pn 

enhancement than chlorophyll (Figure 8a-b).  

 

The interactive effect of exogenous-B on Ca and B movement in the plant 

When exogenous boron was applied to the nutrient solution, the boron concentrations of the shoot 

and the root increased. The interactive effect of exogenous calcium on the boron concentrations of 

the shoot and the root showed a converse trend in each tissue, i.e., with increasing the 

concentrations of the exogenous calcium, the boron concentrations decreased in the shoot. In 

contrast, its concentrations increased in the root, although the interactive effects were not 

significant. The Concentrations of boron was higher in the shoot (mean 41 to 64 mg kg-1 DW) than 

in the root (38 to 44 mg kg-1 DW) (Figure 9a-b). The calcium of the shoot and the root increased 



  
 
 
 

10 
 

with the exogenous calcium, and boron did not affect it. The highest calcium concentrations of the 

shoot and the root were observed in Ca1×B3, while the calcium concentrations of the shoot were 

almost 1000 times that in the root (Figure 9c-d). The lowest calcium concentrations of the apoplast 

and conversely, the highest calcium concentrations of the symplast were observed in Ca3×B3 

(Figure 10a-b). With increasing the exogenous calcium, calcium concentrations of the xylem sap 

increased at all levels of boron (Figure 10c). The interactive effects of calcium and boron showed 

the same trend in three places, i.e., Ca-TF of the shoot to fruit, the xylem to Sym.+Apo., and the 

proximal to the distal end of fruits. It slightly increased with calcium and decreased with boron 

application. The Ca-TF of the Apo. to Sym. showed a converse trend, i.e., it increased with 

exogenous boron and decreased with calcium. Thus, the highest Ca-TF was seen in Ca1×B3 (Figure 

11). It should be noted that the highest Ca-TF was observed in the root to shoot, and the lowest was 

observed in the xylem to Sym.+Apo. (Figure 11). The B-TF of the root to shoot decreased and the 

shoot to fruit increased with increasing the exogenous-boron. It seems that exogenous-calcium did 

not affect B-TF in the root to shoot (Figure 12). 

 

Discussion 

The interactive effects of Ca and B on yield and fruit quality 

Both calcium and boron are essential elements for plant growth and development as reported by 

Bose & Tripathi (1996). According to Akram et al. (2013) and Singh et al. (2007), calcium 

application enhances plant growth and fruit quality. Our results confirmed these findings. Calcium 

increased fruit quality in terms of firmness, lycopene, anthocyanin, and decreased BER and PME. 

Boron reduces PME, which is related to BER enhancement. There have been several studies 

showing that boron increased the yield and quality (Wrobel, 2009; Dursun et al., 2010), these were 

mostly observed in this work as well. The minor differences observed in the present work may be 

due to 1) the application method, where previous studies sprayed boron on the plant. In contrast, 

the current work used the element in the form of nutrient solution, Rab and Haq (2012) reported 

that boron and calcium had similar mobility in plants. Thus, using them in the form of nutrient 

solutions could cause competition. On the other hand, when boron was applied in the form of 

humate in the soil/foliar, only the fruit diameter and the number of branches increased (Karaman 

et al., 2012). 2) The concentrations of the used boron were also different, ranging from low to high, 
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where small changes in the required amounts may have deleterious effects on plants as was reported 

by Reisenauer et al. (1973). Thus, in our study boron had a different impact on different parameters 

of plants in each concentration. We observed that the best growth, in terms of dry and fresh weight 

of the shoot and the root as well as the shoot height, was seen in the combination of Ca1×B3. The 

fruit size (diameter, length, weight) improved in B1×Ca1, while the fruit quality (color and 

firmness) and physiological parameters (Pn and chlorophyll content) increased in B1×Ca3. 

Generally, it seems that exogenous boron was more effective in vegetative growth, including the 

shoot and the root growth. Hence, the boron concentrations should be changed in different growth 

stages of tomatoes, i.e., when tomatoes enter the reproductive stage, the boron concentrations 

should be decreased, and calcium concentrations should be increased. In contrast, in vegetative 

growth, the lower levels of calcium (Ca1), together with the higher levels of boron (B3), were more 

effective. Nevertheless, this hypothesis should be examined in real conditions. Boron has a crucial 

role in the reproductive stage like pollen germination and pollen tube growth as was reported by 

Dickinson (1978), so B-application increases fruit set and yields as was observed by Wojcik & 

Wojcik (2003), Wojcik & Treder (2006), and Wojcik et al. (2008), these were observed in our work 

as well. Boron has been found to have a synergistic effect with Ca and increased the Ca 

concentration in fruit as was reported by Wojcik & Wojcik (2003) and Bramlage & Weis (2004). 

According to Marschner (1995) boron has a suppressing effect on the activity of indole-3-acetic 

acid oxidase, resulting in an enhancement in IAA that promotes movement of Ca as was confirmed 

by Dela Fuente et al. (1986) and promotes the differentiation in xylem tissue of pedicel of the fruit 

which was reported by Dražeta et al. (2004), so, in our study, Ca2+ uptake improved by fruits. 

Boron in the soil increased the dry weight of the fine roots as was observed in Wojcik et al. (2008) 

study, which is responsible for Ca uptake as was reported by White (2001) and Taylor & Locascio 

(2004). This might also contribute to the increased Ca content of leaves and fruits in plants that 

was also found in our study. 

 

The interactive effects of Ca and B on photosynthesis  

In this study, adding calcium and boron to the plants improved photosynthesis. It has already been 

proven that the application of calcium and boron increased the Pn, chlorophyll, and fruit number. 



  
 
 
 

12 
 

This was due to the effects of boron on cell division, nucleic acid synthesis, and the uptake of 

calcium from the root as was reported by Bose & Tripathi (1996). 

Increasing photosynthesis seems to be related to increasing chlorophyll, which was affected by 

calcium and boron. According to Ashraf et al. (2018), the chlorophyll content was one of the main 

factors that was reflecting the photosynthetic rate of the crop plants. The optimal synthesis of 

chlorophyll can be attributed to the protection of the thylakoid membrane decreasing the production 

of oxygen radicals using calcium and boron as was reported by Pottosin & Shabala (2016).  

 

The interactive effects of exogenous-B on Ca and B movement in plant 

Calcium and boron treatments increased both the yield and the Ca/B contents of the leaves. 

Similarly, we observed an increase in the calcium and boron concentrations in the Valero variety 

under investigation when they were exogenously applied. Sahin et al. (2015) reported that Ca and 

B contents of the third and the sixth cluster of the leaves and the fruits of tomato plants showed 

that the third cluster of the leaves had higher levels of calcium and boron concentrations compared 

to the sixth cluster of the leaves. The same trend was seen in our results, i.e., when we measured 

Ca and B in the upper part of the plants, the calcium concentrations, and the Ca-TF (calcium-

translocation factor) decreased. Increasing B-TF in the lower level of calcium was due to the 

symptoms of boron toxicity in tomato plants, which was more pronounced when the calcium 

concentrations decreased and vice versa which was also reported by Yamauchi & Hara Sonoda 

(1986). The level of PME activity and Ca2+ availability within the apoplast had a direct impact on 

the cell wall strength and expansion (Conn et al., 2011). In our study, in the lower level of boron 

(B1 and B2) and higher level of calcium, PME decreased and Ca-Apo increased in tomatoes. 

Changes in Apo-Ca, and the secretion and modification of pectin are essential for the physical 

development of fruits (Conn et al., 2011; Barnavon et al., 2001; Schlosser et al., 2008). With 

increasing calcium in the apoplast the physical properties of the cell wall, including strength and 

elasticity, increased and prevented the cell wall from loosening and swelling (Conn et al., 2011; 

Barnavon et al., 2001; Schlosser et al., 2008), resulting in a decrease in the BER of fruits  these 

were observed in this work as well.  On the other hand, increasing calcium in the apoplast resulted 

in an increase in the firmness of fruits by changing the physical properties of the cell wall, including 

strength and elasticity (Conn et al., 2011; Barnavon et al., 2001; Schlosser et al., 2008). Boron 

https://www.omicsonline.org/author-profile/muhammad-irfan-ashraf-252393/
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plays a vital role in flowering and fruit formation (Nonnecke, 1989), thereby increasing the number 

of fruits.  Our results confirmed these findings. 

 

 

Conclusions 

It seems that exogenous boron was more effective in the vegetative growth, including the shoot 

and the root growth. Exogenous boron can help calcium absorption in the root and the shoot, while 

decreasing the calcium transfer of the xylem to apoplast and symplast, affecting the shoot and the 

fruit, resulting in a BER increase, especially at the lower levels of calcium. At high levels of 

calcium, this was, however, compensated and higher tomato yield was achieved. Boron increased 

anthocyanin, but did not change lycopene, which is the main pigment of tomatoes. The best results, 

in terms of fruit quality and quantity, were seen in a higher concentrations of calcium and boron. 

Based on the results of this work, it can be concluded that calcium and boron concentrations of the 

nutrient solution should be changed during different growth stages of tomatoes. It was observed 

that Ca1×B3 and B1×Ca1 showed the best results in the vegetative and reproductive growth stages, 

respectively. On the other hand, for the best fruit quality, B1 × Ca3 is recommended. 

The biplot analysis showed that when low Ca accompanied every level of B, the fruit parameters 

in point of view of growth and quality were better than when the higher concentration of Ca was 

used. However, the fruit firmness, color, and yield were not good enough. On the other hand, yield 

and fruit firmness were higher in high Ca concentration when applied with a higher B level 

The result of the biplot analysis on Ca and B concentration showed that when Ca was used in 

higher level (Ca2 and Ca3) with B application, the better Ca, and even B uptake was seen all over 

the tomato plant. Considering the biplot analysis of Figures 13 and 14, it can be concluded that the 

concentration and movement of Ca and B act differently than the growth and quality of tomato, 

i.e., when Ca and B were higher; the concentration was better in all parts (Figure 14). Still, better 

growth and fruit quality were obtained in lower Ca with higher B concentration (Figure  13). It can 

be assumed that B has a more significant role in plant growth and yield than it was believed until 

now. Therefore, it is recommended that accompany by using the proper concentration of Ca, the 

usage of B is not only useful, but also has a synergic effect. 
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