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ABSTRACT 
  
Wheat (Triticum aestivum L.) is one of the most strategic cereals in the world, and 
it has a great importance in human nutrition. Therefore, grain quality of wheat has 
been a major concern for modern agriculture. Among the many factors limiting the 
yield and grain quality of wheat, balanced nutrition is highly important for optimal 
yield and quality. While boron (B) is essential for yield and quality, varied 
solubility of different B sources in the field soil has a great importance in order to 
avoid potential toxicity or deficiency of B to cereals. In this study, varied sources of 
B fertilizers were tested for wheat plants to correct potential B deficiency or 
minimize the risk of B toxicity under the varied soil lime contents. For this aim, a 
pot experiment was conducted based on completely randomized design using the 
seven different soils containing varied levels of calcium carbonate. Wheat variety 
of Bezostiya was used for the present study. Five B sources, ground colemanite 
(2CaO.3B2O3.5H2O), borax decahidrate (Na2B4O7.10H2O), borax pentahidrate 
(Na2B4O7.5H2O), sodium metaborate tetrahidrate (NaBO2.4H2O), and boric acid 
(H3BO3), were applied at the rate of 1.5 kg B ha-1 to the experimental soils. In 
addition, a basal dressing of some macro and micro nutrients were applied to all 
pots for normal plant growth. The plants were harvested after eight weeks. As a 
result, the experimental findings clearly showed that dry weights were 
significantly affected by applications of B fertilizers as an average of B sources. 
Thus, wheat plants differently responded to the B sources having different 
solubility under the varied soil conditions. It has been concluded that different B 
sources should be tested and calibrated for varied soil pH and lime contents. Well-
understanding of solubility of B sources and interactive relationships among the 
plant nutrients under the varied soil conditions will also significantly contribute to 
correct potential B deficiency or minimize the risk of B toxicity to the agricultural 
plants.  
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INTRODUCTION 
 
Tomato (Lycopericon esculentum L.) is one of the most 
popular vegetables in Turkey, and it has a great importance 
in the processing industry. Therefore, fruit quality of 
tomato has been a major concern for modern agriculture 
and crop marketing. Among the many factors limiting the 
yield and fruit quality of tomato, balanced nutrition is 
highly important for optimal yield and quality. Many 

studies have clearly showed that plant nutrients such as 
calcium, boron had important effect on fruit quality such as 
fruit cracking, fruit color, brix and other standard 
properties of tomato (Chude and Oyinlola, 2001; Davis et 
al., 2003; Heckman, 2009; Huang and Snapp, 2009). Hence, 
B has many physiological functions such as water relations, 
sugar  translocation,  cation  and  anion  absorption, pollen  
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Table 1: Selected physical and chemical properties of the experimental soils. 
 

Soil properties 
Soil type 

1 2 3 4 5 6 7 

Texture SCL SL L CL CL C L 

CaCO3, % 7.8 3.6 12.8 11.8 13.6 24.0 11.7 

pH, 1:2.5   7.86 7.75 7.84 7.99 7.82 7.79 7.77 

EC, mmhos cm-1 0.96 0.79 0.98 0.83 1.04 1.59 1.74 

Organic matter, % 1.82 1.89 1.75 1.83 1.55 1.65 1.34 

Available P2O5, kg da-1 5.54 4.75 7.76 7.24 7.93 9.51 6.78 

Available K2O, kg da-1 25.0 34.4 28.3 40.8 26.2 35.6 26.5 

Extractable B, mg kg-1 0.37 0.53 0.79 0.42 0.82 1.14 0.93 

 
 
viability and the metabolism of N, P, carbohydrates and fats 
in the plants (Oyinlola, 2005). Boron also encourages 
proper nutrient balance, cell wall stability and assimilation 
as well as synthesizes transport (Allen and Pilbeam, 2007; 
Helal et al., 2009).  

While boron (B) is essential for yield and quality, 
relatively small amounts of B are required to support the 
process of growth. Crop sensitivity to B deficiency or 
toxicity vary widely depending on plant species together 
with soil and other environmental interactions affecting B 
availability and optimal plant growth (Gupta, 1993). Soils 
are normally considered to have sufficient levels of B when 
the soil analysis level is greater than 1.0 ppm. Whereas, soil 
extractable B levels above 1.5 ppm have the potential to 
cause B toxicity in sensitive crops. It has been reported that 
symptoms of B excess in sandy, loamy sand, loamy, and 
clayey soils occur when B content extracted with boiling 
water exceeds 0.80, 1.00, 1.20 and 2.00 mg kg–1, 

respectively (Robertson et al., 1975). Thus, considering the 
narrow range between optimum and toxic B 
concentrations, it is necessary to be careful when applying 
B fertilizers to the soils (Rudolf et al., 2008). On the other 
hand, B availability to plants depends on a large number of 
other factors (Kastori, 1990). For example, the interactive 
relationship and balance ratios among the essential plant 
nutrients is one of the important criteria for plant B 
nutrition. Soil pH and lime content are also the most 
important soil factors that affect B use eficiency. Several 
studies showed that there was a significant interaction 
between soil pH and B availability to plants especially 
above pH 6.5 (Peterson and Newman, 1976; Gupta and 
Macleod, 1981). It has been reported that B could be 
adsorbed by calcium carbonate in the soils (Goldberg and 
Forster, 1991). Thus, the relationship between soil B level 
and plant B uptake can be varied depending on soil lime 
contents (Kızılgöz, 2009).  

Hence, varied solubility of different B sources depending 
on varied soil conditions has a great importance in order to 
avoid potential toxicity or deficiency of B to agricultural 
crops. For example, colemanite as B source is only used for 
soil application, and it dissolves slowly. Borax and boric 
acid  easily dissolve in soils, whereas pentahydrate borax 
dissolves more slowly than decahydrate borax and faster 

than anhydrous borax. Solubor dissolves more quickly than 
borax and boric acid. In the present study, different B 
sources as B fertilizer having varied solubility were tested 
for tomato plants to correct potential B deficiency or 
minimize the risk of B toxicity under the varied soil lime 
content, which consist of most of the agricultural area in 
Turkey.   
 
 
MATERİALS AND METHODS 
 
A pot experiment, based on completely randomized design, 
was conducted using the seven different soils containing 
varied levels of calcium carbonate. Tomato variety of Sedir 
(L. esculentum L.) was used in the present study. Five B 
sources, ground colemanite (2CaO.3B2O3.5H2O), borax 
decahidrate (Na2B4O7.10H2O), borax pentahidrate (Etibor 
48 - Na2B4O7.5H2O), sodium metaborate tetrahidrate 
(NaBO2.4H2O), and boric acid (H3BO3) were applied at the 
rate of 1.5 kg B ha-1 to the experimental soils having varied 
lime contents. In addition, a basal dressing of some macro 
and micro nutrients were applied to all pots for normal 
plant growth. The experiment was conducted about eight 
weeks, and the plants were harvested after 56 days. Plants 
were then washed thoroughly in distilled water and dried 
in the oven set at 65C, and then dry matter yield was 
recorded. Boron concentrations in the tops of tomato plants 
(shoots + leaves) were determined using the method of 
Azometin-H (Wolf, 1972). The composite soil samples used 
for the experiment were air-dried and ground to pass 
through a 2 mm sieve for further analysis. The extractable 
soil B contents were determined by ICP according to the 
method of Cartwright et al. (1983). Determinations were 
also made for available soil phosphorus (Olsen et al., 1954), 
soil organic matter (Walkley, 1947), saturation percent 
(Richards, 1954), CaCO3 (Allison and Moodie, 1965), pH 
(Jackson, 1958) and electrical conductivity (E.C.) (Richards, 
1954). Experimental data were also subjected to the 
definitive statistical analysis (StatMost, 1995) and MSTAT 
statistical program. The selected soil properties for the 
experimental soils are shown in Table 1. 
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Table 2: Dry matter yields of tomato plants as affected by different boron fertilizers under the varied soil conditions 
(gr pot-1). 
 

Soil type 

Boron fertilizers 

Ground 

colemanite 

Borax 

decahidrate 

Borax 

pentahidrate 

Sodium m. 
tetrahidrate 

Boric 

acid 
Av.** 

1 10.6 6.49 6.95 5.43 6.57 7.10 b 

2 6.94 6.75 6.59 5.84 6.52 6.53 d 

3 6.77 7.67 8.93 7.79 9.25 8.08 a 

4 6.52 7.21 7.75 5.94 6.72 6.83 c 

5 6.48 7.09 7.65 6.93 6.37 6.90 ab 

6 6.57 9.05 7.44 5.84 6.00 6.98 ab 

7 7.57 7.41 8.09 8.43 8.47 7.99 a 

Av.** 7.23 b 7.38 b 7.62 a 6.60 c 7.13 c  
 

** P < 0.01. 

 
 

application of sodium metaborate tedrahidrate, whereas the lowest B concentration of 17.45 mg kg
-1 

was obtained for experimental soil no. 4 by the application of ground colemanite. It has been reported 

that B sufficiency levels in the dried leaf tissue of tomato plant were in the range 25 to 75 mg kg
-1

 

(Jones et al., 1991). 
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 Figure 1: Nonlinear relationship between dry matter yield of tomato plant and soil B levels under the 

different B sources treated to the experimental soils 

P = N.S. 

 
Figure 1: Nonlinear relationship between dry matter yield of tomato plant and soil B levels 
under the different B sources treated to the experimental soils. 

 
 
RESULTS AND DISCUSSION 
 
Dry matter yield 
 
According to the results of the experiment, the dry weights 
of tomato plants were significantly (P < 0.01) affected by 
application of B fertilizers depending on varied soil 
conditions as average of B sources (Table 2). Positive 
effects of B fertilizers on plant growth were also found in 
other studies conducted with tomato plants (Oyewole and 
Aduayi, 1992; Chude and Oyinlola, 2001; Davis et al., 2003). 
The results clearly showed that tomato plants differently 
responded to the B sources having different solubility 
under the varied soil conditions. However, the relationship 
between soil B levels and dry matter yield of tomato was 

nonlinear under the application of different B sources 
(Figure 1).  The highest dry matter yield of 8.08 gr pot-1 was 
obtained for experimental soil no. 3, having extractable B of 
0.79 mg kg-1, whereas the lowest dry matter yield of 6.53 gr 
pot-1 was obtained for experimental soil no. 2 having lower 
extractable B of 0.53 mg kg-1 as average of different B 
sources. 

The findings also indicated that dry matter yields of 
tomato plants under the varied soil conditions was 
significantly (P < 0.01) varied depending on B sources. 
Differences in the dry matter yield based on applicated B 
forms were found agronomically significant as average of 
experimental soils. Whereas, in other studies, it was 
raported that these differences based on B sources were 
agronomically  significant  (Shorrocks, 1997).  The  highest  
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Table 3: Boron concentrations in tomato plants as affected by different boron fertilizers under the varied soil conditions (mg 
kg-1). 

 

Soil type 

Boron fertilizers 

Ground 

colemanite 

Borax 

decahidrate 

Borax 

pentahidrate 

Sodium m. 
tetrahidrate 

Boric 

acid 
Av.** 

1 23.89 de 26.86 d 25.14 d 33.55 bc 32.25 bc 28.33 b 

2 26.20 d 37.38 bc 28.32 c 32.13 c 26.15 d 30.04 b 

3 23.45de 29.42 c 30.69 c 36.63 bc 41.43 ab 32.32 ab 

4 17.45 f 26.42 d 26.98 d 31.53 c 26.88 d 25.85 c 

5 24.09 de 33.66 bc 34.44 bc 37.43 bc 30.38 c 32.00 ab 

6 41.97 ab 51.33 a 49.83 a 53.31 a 43.79 ab 48.04 a 

7 32.50 bc 43.48 ab 41.29 ab 34.46 bc 33.35 bc 37.01 b 

Av.** 27.07 c 35.51 b 33.81 b 37.00 a 33.46 b  
 

** P < 0.01; * P < 0.05 

 
 

Table 4: Total B uptake of tomato plants as affected by different boron fertilizers under the varied soil conditions (µg pot-1). 
 

Soil type 

Boron fertilizers 

Ground 

colemanite 

Borax 

decahidrate 

Borax 

pentahidrate 

Sodium m. 
tetrahidrate 

Boric 

acid 
Av.* 

1 240 d 174 de 175 de 182 de 212 de 196 d 

2 181 de 252 d 187 de 188 e 171 de 195 d 

3 159 f 225 de 274 c 287 c 383 ab 265 bc 

4 114 fg 192 de 209 de 186 de 180 de 176 de 

5 156 de 239 d 263 c 259 d 193 de 221 c 

6 276 c 464 a 371 ab 311 bc 263 c 337 a 

7 246 d 321 bc 333 bc 291 bc 282c 295 b 

Av.* 196 c 266  a 259 a 243 ab 240 b  
 

* P < 0.05. 

 
 

dry matter yield of 7.62 gr pot-1 was obtained by the 
application of borax pentahidrate, whereas the lowest dry 
matter yield of 6.60 gr pot-1 was obtained by the application 
of sodium metaborate tetrahidrate. 
 
 
Boron and nitrogen levels in the tomato plants 
 
Boron nutiriton of tomato plant was significantly (P < 0.01) 
influenced by B sources and varied soil conditions (Table 
3). The concentration of B in tomato plants ranged from 
25.85 to 48.04 mg kg-1 depending on soil types, whereas it 
ranged from 27.07 to 37.00 mg kg-1 as to different B 
sources. On the other hand, the highest B concentration of 
53.31 mg kg-1  was obtained for experimental soil no. 6 by 
the application of sodium metaborate tedrahidrate, 
whereas the lowest B concentration of 17.45 mg kg-1 was 
obtained for experimental soil no. 4 by the application of 
ground colemanite. It has been reported that B sufficiency 
levels in the dried leaf tissue of tomato plant were in the 
range 25 to 75 mg kg-1 (Jones et al., 1991). 

Soil B  application  also  significantly  (P < 0.05)  affected   

total B uptake of the tomato plants (Table 4). Total B uptake 
of the plants ranged from 176 to 337 µg pot-1 depending on 
soil types, whereas it ranged from 196 to 266 µg pot-1 as to 
different B sources. The highest B uptake of 464 µg pot-1 

was obtained for experimental soil no. 6 by the application 
of borax decahidrate, whereas the lowest B uptake of 114 
µg pot-1 was obtained for experimental soil no. 4 by the 
application of ground colemanite. Positive effect of B 
fertilizers on the B levels of the plants was also determined 
in other studies (Diab, 1992; Chude and Oyinlola, 2001; 
Hellal, 2009). 

Significant differences (P < 0.01) were also detected 
among the tomato plants as to their effectiveness in the 
physiological N use (Table 5). The N concentration of plants 
ranged from 2.61 to 3.19% depending on soil types, 
whereas it ranged from 2.62 to 3.12% as to different B 
sources. Total N uptake of tomato plants was also 
significantly (P < 0.05) influenced depending on varied soil 
conditions (Table 6). Total N uptake of the plants ranged 
from 185 to 249 mg pot-1 depending on soil lime contents. 
Whereas, the effect of different B sources on the total N 
uptake of plants was found non  significant. Total  N uptake  
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Table 5: Nitrogen concentrations in tomato plants as affected by different boron fertilizers under the varied soil conditions (%). 
 

Soil type 

Boron fertilizers 

Ground 

colemanite 

Borax 

decahidrate 

Borax 

pentahidrate 

Sodium m. 
tetrahidrate 

Boric 

acid 
Av.** 

1 2.58 2.54 2.40 2.86 2.70 2.61 c 

2 2.41 3.17 3.05 3.06 2.86 2.91 ab 

3 2.84 2.94 3.08 3.17 3.28 3.06 a 

4 2.25 2.57 2.65 3.09 2.70 2.65 c 

5 2.41 2.97 3.03 3.10 2.72 2.84 ab 

6 2.96 3.16 3.42 3.39 3.04 3.19 a 

7 2.89 3.17 3.22 3.18 2.86 3.06 a 

Av.** 2.62 c 2.93 b 2.98 b 3.12 a 2.88 c  
 

** P < 0.01. 

 
 

Table 6: Total N uptake of tomato plants as affected by different boron fertilizers under the varied soil conditions (mg 
pot-1). 

 

Soil type 

Boron fertilizers 

Ground 

colemanite 

Borax 

decahidrate 

Borax 

pentahidrate 

Sodium m. 
tetrahidrate 

Boric 

acid 
Av.* 

1 260 163 167 157 180 185 c 

2 167 213 203 180 187 190 c 

3 193 227 277 247 303 249 a 

4 147 183 207 180 183 180 c 

5 160 210 230 217 170 197 c 

6 193 287 253 200 183 223 b 

7 220 233 260 273 243 246 a 

Av. 191 217 228 208 207  
 

 * P < 0.05. 

 
 

these nutrients (Shaaban and El-fouly, 2001). Boron encourages proper nutrient balance and cell 

wall stability together with many assimilation and synthesis progress (Allen and Pilbeam, 2007; Helal 

et al., 2009). The positive relationship between B and the concentrations of B, N, P and K in wheat 

plants was also found by Diab (1992). The relationships between B and N levels were also determined 

in other studies conducted with varied plants (Carnacho and Gonzales, 1999; Hellal et al., 2009). 
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Figure 2: Interactive relationship between B and N concentrations in tomato plant under  the different 

B sources treated to the experimental soils. 

 

 

Conclusion 

 

Tomato plants exhibited a wide range of beneficial responses to different B sources under  

 r = 0.774** 
 

** P < 0.01 

 
Figure 2: Interactive relationship between B and N concentrations in tomato 
plant under  the different B sources treated to the experimental soils. 

 
of the plants ranged from 191 to 228 mg pot-1  depending on 
different B sources. The highest N uptake was obtained by 
the application of borax pentahidrate. 

The results also indicated highly significant positive 
correlation (r = 0.774**,  P < 0.01) between the B and N 
concentrations in tomato plant (Figure 2). The interactive  
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relationship between B and N levels can be explained by the 
integration in nutrient uptake and balance in the presence 
of sufficient concentrations of these nutrients (Shaaban and 
El-fouly, 2001). Boron encourages proper nutrient balance 
and cell wall stability together with many assimilation and 
synthesis progress (Allen and Pilbeam, 2007; Helal et al., 
2009). The positive relationship between B and the 
concentrations of B, N, P and K in wheat plants was also 
found by Diab (1992). The relationships between B and N 
levels were also determined in other studies conducted 
with varied plants (Carnacho and Gonzales, 1999; Hellal et 
al., 2009). 
 
 
Conclusion 
 
Tomato plants exhibited a wide range of beneficial 
responses to different B sources under the varied soil lime 
contents from low to high levels. The relationship between 
soil B levels and dry matter yields of the tomato plant was 
nonlinear under the experimental conditions. The 
variability of plant response to the B sources was possibly 
associated with the different solubility of B sources 
especially depending on soil lime contents. On the other 
hand, the findings clearly showed that there was a 
significant interactive relationship between B and N 
concentrations in tomato plants. This positive relationship 
can be explained by the integration in nutrient uptake and 
balance in the presence of sufficient concentrations of these 
nutrients. Thus, positive relationship among these nutrients 
will have also a positive effect on the plant growth.  

As a result, the experimental findings showed that 
different B sources should be tested and calibrated, 
especially for varied soil pH and lime contents. Well-
understanding of solubility of B sources and interactive 
relationships among the plant nutrients under the varied 
soil conditions will also significantly contribute to correct 
potential B deficiency or minimize the risk of B toxicity to 
the agricultural plants.  
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