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Abstract: Effects of two boron (B) sources and increasing application doses of both sources on the 
dry matter yield, B and some nutrients uptake by maize (Zea mays L.) were investigated in 
greenhouse conditions. Increasing doses of boron (0,  2.5,  5, and 10 mg B kg-1) were applied to soil 
as borax (Na2B4O7.10H2O) and boric acid (H3BO3) and maize plants were grown for 37 days.   
Increasing doses of B were found statistically significant on dry matter yield, boron, phosphorus (P), 
and magnesium (Mg) uptake. Borax and boric acid doses elevated the B (6.52 - 5.92 mg pot-1) and 
Mg (49.73 - 49.12 mg pot-1) uptake of maize and the highest values observed at 10.0 mg B kg-1 dose 
of both borax and boric acid, respectively. Dry matter yield and the nutrient elements uptake / B 
uptake ratios decreased with the increasing B applications. Boron sources found statistically 
significant on the amounts of dry matter yield, B, P, and iron (Fe) uptake. Up taken B and P amounts 
were found high at Borax applications, however, dry matter yield, and Fe uptake was found higher at 
boric acid applications. 
 
Keywords: Boron uptake, boron toxicity, nutrient uptake, dry matter, maize. 

 

Artan Dozlarda Uygulanan Boraks ve Borik Asidin Mısır (Zea mays L.) 
Bitkisinin Besin Elementi Alımı Üzerine Etkisi 

 
Öz: Artan dozlarda uygulanan iki farklı bor (B) kaynağının, mısır bitkisinin kuru madde verimi ve 
kimi besin elementi alımı üzerine etkisi sera koşullarında araştırılmıştır. Artan dozlarda bor (0, 2.5, 5, 
10 mg B kg-1) toprağa boraks (Na2B4O7.10H2O) ve borik asit (H3BO3) şeklinde uygulanmış ve mısır 
bitkileri 37 gün süre ile yetiştirilmiştir. 
Borun artan dozlarının mısır bitkisinin kuru madde verimi, B, fosfor (P) ve magnezyum (Mg) alımı 
üzerine etkisi istatistiksel olarak önemli bulunmuştur. Boraks ve borik asit dozları mısır bitkisinin B 
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(6.52 - 5.92 mg saksı-1) ve Mg (49.73 - 49.12 mg saksı-1) alımını artırmış ve en yüksek değerler B 
kaynaklarının 10 mg B kg-1 seviyesinden elde edilmiştir. Kuru madde verimi ve besin elementleri / B 
alım oranları artan B dozları ile azalma göstermiştir. Kuru madde verimi, B, P ve demir (Fe) alımı 
üzerine B kaynaklarının etkisi istatistiksel olarak önemli bulunmuştur. Boraks uygulamalarında 
kaldırılan B ve P değerleri daha yüksek bulunurken, kuru madde verimi ve kaldırılan Fe miktarı borik 
asit uygulamalarında daha yüksek olmuştur. 
 
Anahtar Kelimeler: Bor alımı, bor toksisitesi, besin elementi alımı, kuru madde, mısır.  

 

Introduction 
Because of being a necessary component of the cell wall and having important roles in 

cell division, in synthesis of proteins and in translocation of sugars; boron (B) is known as 
an essential micro nutrient element for plants (Ahmad et al., 2009; Ahmad et al., 2012). Its 
available amounts in soil and irrigation water are also an important determinant factor in 
agricultural production (Tanaka and Fujiwara, 2008; Gitanjali et al., 2010; Gupta, 2016). 
Boron deficiency has been reported in more than over 80 countries and for 132 crops and, is 
known as the second most important and problematic micronutrient in crops after zinc 
(Ahmad et al., 2012; Haque et al., 2014). Nevertheless, boron toxicity problems have also 
been reported in many countries including North and South America, Australia, West Asia, 
North Africa, Mediterranean and East Europe (Brdar-Jokanović et al., 2013). Boron occurs 
in many rocks and soils. In soils, although boron shows important variations at a total 
concentration of 2 to 200 mg kg-1, some literatures indicates less than 10 mg kg-1 B in soil 
as B deficient and containing over 5 mg L-1 of hot water soluble B as B-toxic (Öztürk et al., 
2010; Esim et al., 2012; Ahmad et al., 2012; Bariya et al., 2014). Boron may occur 
naturally in the soil or in groundwater or be added at high concentrations to the soil from 
mining, fertilizers or irrigation water. Borax and boric acid are known as the most common 
water soluble fertilizers that contain B (Mattos-Jr et al. 2017). Boron exists as non-ionized 
boric acid [B(OH)3], or ionic form [B(OH)4]¯ and can be easily leached under high rainfall 
conditions leading to deficiencies in plants (Yan et al., 2006). On the contrary, under low 
rainfall conditions B cannot be sufficiently leached and therefore may accumulate to toxic 
levels for plant growth (Reid, 2007). This situation occurs very often in arid and semiarid 
regions which have high-boron in groundwater. Boron accumulation in top soil due to the 
evaporation of groundwater reaches toxic levels and lead reduces in crop yields (Tanaka 
and Fujiwara, 2008; Camacho--Cristóbal et al., 2008, Çikili et al., 2015). Boron 
concentration in soils is not only affected by environmental conditions but also parent 
material, texture, clay minerals, pH, lime and organic matter contents and also other 
nutrient element interrelation affects to its availability (Ahmad et al., 2012). 

The amount of boron needed for normal crop production differs among plants and 
generally presents at a concentration of 10 to 50 mg kg-1 in plant leaf tissue (Esim et al., 
2012). Boron requirement of maize (Zea mays L.) is low and can suffer from an excess B 
concentration over 50 mg B kg-1 (Hakki et al., 2007, Kaur and Nelson, 2015). Among the 
essential nutrient elements, boron is one of the most critical nutrients because of its 
deficiency and toxicity limits being so close to each other. Both deficiency and excess of 
boron causes reduction in crop yield and quality (Yau and Ryan, 2008). This situation leads 
to the growers required to pay much more attention when they fertilize crops with boron 
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because only 1-2 % of soil applied B is removed by the crops and most of it is left as 
residues for years.  

The relationship among nutrients is also very important for plant growth and 
development under both normal and stress conditions (Siddiqui et al., 2013). The up taken 
amount of boron under both deficient as well as in toxic conditions by plants can be 
affected by the presence of other nutrient elements in the soil (Bariya et al. 2014). The most 
well-known was reported as calcium (Ca) by Gupta (2016). Although the relation between 
potassium (K) and B was not as brief as Ca, there are various literatures of antagonistic and 
synergistic effects of boron on crops potassium concentrations (Alpaslan and Güneş, 2001; 
Davis et al., 2003; Olson et al., 2012). Although some antagonistic and synergistic 
interactions of nitrogen (N), phosphorus (P), K and Ca with B have been reported in past 
researches the interactions have not been clearly reported because of the conflicting results 
due to the different experimental systems with different plants and its varieties (Ahmad et 
al., 2012; Bariya et al., 2014).  Knowledge about its interactions with other nutrients may 
be useful hint for regulating B availability in soil and preventing its excess amounts in 
plants. 

The aim of this study was to determine the effects of borax and boric acid and their 
increasing application doses on dry matter yield, B and some nutrient elements uptake of 
maize (Zea mays L.) and also to determine their interactions with B.  

 

Material and Methods  
Experimental material: The experiment was performed in the greenhouse of the Soil 

Science and Plant Nutrition Department, Agricultural Faculty, University of Uludag, Bursa, 
Turkey during May-June of the year 2015. Soil sample used in this study was collected 
from 0-20 cm depth in the field located in the Agricultural Research and Application Centre 
of Uludag University (39°35′, 40°40′ N latitude and 28°10′, 30°00′ E longitude) in Turkey. 
Soil analyses were done according to methods indicated by Müftüoğlu et al. (2014) and 
analysis results of the soil are shown in Table 1. 

 
Table 1. Some properties of the soil used in the research 

Properties Quantities Properties Quantities 
Texture Clay Extractable Cations, mg kg-1 
Sand % 31.71 Sodium (Na) 96 
Silt % 26.15 Potassium (K) 228 
Clay % 42.14 Calcium (Ca) 9262 
pH (1/2.5 soil / water) 7.48 Magnesium (Mg) 988 
Electrical Conductivity (EC) mS cm-1 0.45 Extractable microelements, mg kg-1 
Lime % (CaCO3) 1.96 Iron (Fe) 6.76 
Organic matter % 2.53 Copper (Cu) 1.48 
Total nitrogen (N) % 0.14 Zinc (Zn) 3.52 
Available sulfur (S) mg kg-1 12.75 Manganese (Mn) 92.88 
Available phosphorus (P) mg kg-1 15.15 Boron (B) 0.56 
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According to soil taxonomy, the soil used in the experiment was classified as vertisol 
(Typic Haploxerert) and as eutric vertisol according to the FAO classification system 
(Özsoy and Aksoy, 2013). Air-dried soil passed through a 4-mm sieve was filled into 
polyethylene plastic pots which were 20 cm in diameter and 18 cm deep and adjusted to 3.5 
kg. Five maize (Zea mays L.) seeds, cultivar ‘Euralis Es Armandi’ (FAO 640) were planted 
in each pot and thinned-out to two plants in each pot after germination. The water content 
in the soil was held steady at 70 % of field capacity during the experiment. 

Treatments: Four different doses of boron (0, 2.5, 5, and 10 mg kg-1) were applied to 
the soil as borax (Na2B4O7.10H2O) and boric acid (H3BO3). A constant value of 100 mg kg-

1 nitrogen from ammonium nitrate (NH4NO3), 80 mg kg-1 P and 100 mg kg-1 K from mono 
potassium phosphate (KH2PO4) were also applied to all of the pots before planting. 

Plant Harvesting: The plants were harvested 37 days after planting. Plant samples 
were immediately taken to the laboratory for analysis. The plant samples were dried in a 
forced air oven at 70°C for 72 hours after washing in tap water and twice with deionised 
water.  

Plant Analysis: For the evaluation of the nutrient uptake in plants, the ground plant 
was digested using a mixture of 3 mL of nitric acid (HNO3) and 3 mL of hydrogen peroxide 
(H2O2) in a microwave digestion system (Berghof MWS 2, Germany) (Hansen et al., 2013). 
The boron, magnesium (Mg), P and microelement amounts were determined by ICP-OES 
(Inductively Coupled Plasma – Optical Emission Spectrometry, Perkin Elmer Optima 2100 
DV, United States) (Hansen et al., 2013). Potassium, sodium and calcium amounts were 
determined by flame photometer (Eppendorf Elex 6361) (Horneck and Hanson, 1998). 

Statistical Analysis: Design of the experiment was completely randomized with three 
replications. Data were statistically analyzed using Tarist computer software (Ege 
University, İzmir). The mean values were compared with LSD (Least Significant 
Difference) multiple range test. 

 

Results and Discussion 
According to the analyses of the soil used in the experiment, it has clay texture and 

neutral pH. It has low lime and EC. The soil has also adequate concentrations of organic 
matter, nitrogen, phosphorus, potassium, copper and boron. Concentrations of the other 
nutrient elements such as iron, zinc, manganese, calcium and magnesium were found high 
(Marx et al. 1999).   

The effects of increasing doses of boron sources (borax and boric acid) on the dry 
matter yield were given in Table 2. Low application doses of B (2.5 and 5.0 mg kg-1 B) 
have slight effects on the dry matter yield of maize plants and this effect was observed in 
group (A) with the control pots. Regardless of B sources, the increasing application doses 
of boron had a statistically significant negative effect on the dry matter yield of the maize 
plants. While the highest dry matter yield was obtained from the control pots (23.38 g pot-

1), the increasing doses of boron decreased the dry matter amounts and the lowest dry 
matter yield (21.94 g pot-1) was measured at the highest dose of boron application (10.0 mg 
kg-1 B) and observed in group B. 
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Table 2. Effects of increasing doses of boron sources on dry matter yield of maize 

Boron sources Boron levels mg kg-1 
0 2.5 5.0 10.0 Mean  

Dry matter yield (g pot-1) 
Borax 23.56   22.93   22.23   21.53   22.56 b S LSD 0.421* 
Boric Acid 23.20   23.26   23.38   22.34   23.05 a L LSD 0.994** 
Mean 23.38 A 23.10 A 22.81 A 21.94 B   SxL LSD ns 

S – boron sources L – boron levels 
Notes. The differences between values by different letters are significant. Capital 
letters for each row and small letters for each column. ns: not significant. * P <0.05 
** P <0.01 

 

 
Balanced uptake and amounts in plant tissues of the nutrients are emphasized for 

proper plant growth and development (Siddiqui et al., 2013). Low concentrations of B also 
improve the growth; however, high levels of boron can give damage to the plants. Boron 
amount of the experimental soil (0.56 mg kg-1) was found enough for the proper plant 
development on control pots. During our past study on the sunflower plant, we found 
affirmative effects of B up to 2.0 mg kg-1 dose. However, the increasing doses of both 
borax and boric acid affected the dry matter yield negatively, and the elevated doses (4.0, 
8.0 and 16.0 mg kg-1 B) gave the smallest dry matter yield (Bestas and Celik, 2016). 
Research made with maize cultivars showed similar decrease on the dry weight amounts 
(Güneş et al., 2000). Ben-Gal and Shani (2003) also reported decreases on biomass and 
yield of the tomatoes at high concentrations of B. Hamurcu et al. (2015) also found similar 
decreases at watermelon, which was influenced by B toxicity. Koohkan and Maftoun 
(2016) reported significant reduction on the yield of canola with the application of high 
boron. High amounts of B may increase the thickness of the cell wall, and this may cause 
difficulty for the uptake of nutrients, thus decreasing the dry matter yield. Suppressed plant 
growth was also attributed to the depressed cell division, cell wall expansion, chlorophyll 
content and photosynthetic rate (Herrera-Rodríguez et al., 2010; Siddiqui et al., 2013). 

Statistically significant difference was found between the B sources on dry matter yield 
of maize. Highest dry matter yield (23.05 g pot-1) was taken with boric acid applications 
and grouped as a. 

The effects of increasing doses of boron sources (borax and boric acid) on the uptake 
of some micro nutrient elements were given in Table 3. These effects were found 
statistically significant at boron. The up taken amounts of B were elevated by the increasing 
doses of B sources. While the lowest dose for B (0.43 mg pot-1) was found at control pots, 
regardless of B sources, the highest B amount (6.22 mg pot-1) was taken from the highest 
dose (10.0 mg kg-1 B). In contrast, the increasing application doses of B had negative 
effects on the up taken Na, Fe, Zn and Mn amounts of the maize plants. However, these 
effects were not found statistically significant.  
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Table 3. Effects of increasing doses of boron sources on boron and some micro nutrient 
elements uptake of maize 

Boron sources Boron levels mg kg-1 
0 2.5 5.0 10.0 Mean  

Boron (B) uptake (mg pot-1) 
Borax 0.44 a D 1.62 a C 3.20 a B 6.52 a A 2.95 a S LSD 0.165** 
Boric Acid 0.42 a D 1.40 a C 3.14 a B 5.92 b A 2.72 b L LSD 0.233** 
Mean 0.43 D 1.51 C 3.17 B 6.22 A   SxL LSD 0.329** 

Iron (Fe) uptake (mg pot-1) 
Borax 1.02   1.04   1.03   1.00   1.02 b S LSD 0.044** 
Boric Acid 1.16   1.16   1.18   1.15   1.16 a L LSD ns 
Mean 1.09  1.10  1.10  1.08    SxL LSD ns 

Copper (Cu) uptake (mg pot-1) 
Borax 0.11   0.11   0.11   0.12   0.11  S LSD ns 
Boric Acid 0.11   0.12   0.13   0.11   0.12  L LSD ns 
Mean 0.11  0.12  0.12  0.12    SxL LSD ns 

Zinc (Zn) uptake (mg pot-1) 
Borax 0.36   0.37   0.38   0.38   0.37  S LSD ns 
Boric Acid 0.38   0.41   0.39   0.37   0.39  L LSD ns 
Mean 0.37  0.39  0.39  0.37    SxL LSD ns 

Manganese (Mn) uptake (mg pot-1) 
Borax 0.84   0.83   0.80   0.78   0.81  S LSD ns 
Boric Acid 0.77   0.81   0.81   0.80   0.80  L LSD ns 
Mean 0.81  0.82  0.80  0.79    SxL LSD ns 

Sodium (Na) uptake (mg pot-1) 
Borax 28.29   27.96   29.06   28.19   28.38  S LSD ns 
Boric Acid 26.04   27.95   28.20   28.36   27.64  L LSD ns 
Mean 27.16  27.96  28.63  28.28    SxL LSD ns 
   S – boron sources L – boron levels 

Notes. The differences between values by different letters are significant. Capital letters for each row 
and small letters for each column. ns: not significant. * P <0.05 ** P <0.01 

 
Increasing the amounts of B in the soil may stimulate plant growth, the dry matter 

yield, the concentrations of the B, and the uptake of some nutrients by the plant. However, 
the high dose of B has negative effect and lower dry matter yield. Of the B sources, borax 
was up taken much more than boric acid and this situation was reflected to the decrease on 
dry matter yield (Table 2).  

The effects of increasing doses of boron sources (borax and boric acid) on the uptake 
of some macro nutrient elements were given in Table 4.  
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Table 4. Effects of increasing doses of boron sources on some macro nutrient elements 
uptake of maize 

Boron sources Boron levels mg kg-1 
0 2.5 5.0 10.0 Mean  

Nitrogen (N) uptake (mg pot-1) 
Borax 327.33   313.42   322.29   311.98   318.76  S LSD ns 
Boric Acid 318.12   309.99   312.84   326.47   318.10  L LSD ns 
Mean 322.72  311.71  320.10  319.23    SxL LSD ns 

Phosphorus (P) uptake (mg pot-1) 
Borax 150.00   150.12   150.023   143.10   148.31 a S LSD 3.885** 
Boric Acid 109.17   111.72   115.76   98.05   108.68 b L LSD 5.494** 
Mean 129.58 A 130.92 A 132.89 A 120.58 B   SxL LSD ns 

Potassium (K) uptake (mg pot-1) 
Borax 686.66   704.56   706.61   687.86   696.42  S LSD ns 
Boric Acid 639.27   676.93   686.05   681.11   670.84  L LSD ns 
Mean 662.97  690.75  696.33  684.49    SxL LSD ns 

Calcium (Ca) uptake (mg pot-1) 
Borax 170.15   166.69   156.51   163.74   164.27  S LSD ns 
Boric Acid 156.39   157.52   159.90   164.39   159.55  L LSD ns 
Mean 163.27  162.10  158.20  164.07    SxL LSD ns 

Magnesium (Mg) uptake (mg pot-1) 
Borax 43.60   46.02   47.82   49.73   46.79  S LSD ns 
Boric Acid 43.14   43.93   45.16   49.12   45.34  L LSD 3.411* 
Mean 43.37 B 44.97 B 46.49 AB 49.43 A   SxL LSD ns 

S – boron sources L – boron levels 

Notes. The differences between values by different letters are significant. Capital letters for each row 
and small letters for each column. ns: not significant. * P <0.05 ** P <0.01 

 
Toxicity of boron was also reported by depletion of photosynthesis which was the 

result of the reduction of N concentration, known as the basic member of chlorophyll 
(Gimeno et al 2012). Interrelation of some nutrients and B is reported and found influential 
in regulating the availability of B or others in soils and plants (Ahmad et al., 2012). It was 
reported that with the addition of B, crop biomass could be escalated without changing the 
nitrogen amount or could be depressed the zinc amount in the plants or vice versa (Ahmad 
et al., 2012). 

The increasing application doses of B had statistically significant positive effect on the 
up taken P and Mg amounts of the maize plants. Irrespective of B sources, the up taken 
amounts of Mg were elevated by the increasing doses of B. While the lowest dose for Mg 
(43.37 mg pot-1) was found at control pots, the highest amount (49.43 mg pot-1) was taken 
from the last boron dose (10.0 mg kg-1 B). Irrespective of B sources, the increasing 
application doses of B had a statistically significant negative effect on the up taken P 
amounts of the maize plants. While the up taken amounts of P tend to elevate with the 
increasing doses of B, it was significantly decreased with the highest dose from 132.89 to 
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120.58 mg pot-1. Similar to the findings on P uptake, up taken amounts of K were increased 
up to 5.0 mg kg-1 B and the last dose of boron affected the increase in negative way. 
However, these effects were not found statistically significant. 

Parallel to our findings, some literatures also reported increases on the K 
concentrations with the B applications but these increases were realized at small application 
doses (2 kg B ha-1) of boron (Gezgin and Hamurcu, 2006). In our past research dealing with 
sunflower plant, highest K uptake was found at 4.0 and 8.0 mg kg-1 B doses and the 
amounts tended to decrease by the increasing B doses, also confirms the findings (Bestas 
and Celik, 2016). The ratio of the nutrients uptake and B uptake also describes this decrease 
briefly in Figure 1. Between control and the first dose (2.5 mg kg-1 B) of B sources, the 
ratios of all of the nutrient elements up taken amount to B uptake have severe decreases. 
These decreases continue to the maximum dose of B with a slight slope. This situation 
exhibits the antagonistic effect between high B doses and the decreased nutrient uptake.  

Parallel to our findings, Bariya et al. (2014) reported the adverse effects of deficient or 
toxic B amounts on plants and their effects to the uptake of other nutrients. Although 
increasing the B supply may increase nutrient use efficiency, higher levels lead antagonistic 
effects on uptake of nutrients and decrease the nutrient use efficiency. 

Koohkan and Maftoun (2016) also reported the decreases of K/B and Ca/B ratios with 
the application of B. Increasing B levels have been reported as significant increases of B, P, 
Ca and Mg but decreases of Fe, Mn, and Zn contents in apple rootstock (Mouhtaridou et al., 
2004). Sotiropoulos et al. (2007) reported decreases in Mn but increases in Zn 
concentration of quince genotype. Different responses of the nutrients to B fertilization are 
concluded as a result of the genotypic effect of the plants (Eraslan et al., 2016). 

Effects of the B sources (borax and boric acid) on dry matter yield and on uptake of B, 
P, and Fe were found statistically significant. There was no statistically significant 
difference between B sources (borax and boric acid) and up taken N, K, Ca, Mg, Na, Cu, 
Zn and Mn amounts. While borax application was found effective on B and P uptake of the 
maize plant, boric acid application was found effective on dry matter yield and on the 
uptake of Fe. Boron uptake of the maize plants was found higher on borax applications than 
boric acid.  

Ahmad et al. (2012) reported borax, as the most commonly used B fertilizer among the 
B sources and boric acid is considered to be more suitable on highly leached sandy soils 
owing to its low solubility. In this study B uptake of the maize plants was also found higher 
on borax applications than boric acid. This is related with the uptake mechanism and the 
solubility of the material. High up taken B amounts with borax applications also negatively 
affected the dry matter yield of the maize plants than that of boric acid. This result also 
confirms our finding which is related with the toxic effect of high B concentrations on the 
dry matter yield amounts of crops. 
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Figure 1. Nutrient / boron uptake ratios 
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Conclusion 
Boron deficiency causes weak development and severe chlorosis symptoms in the 

maize plant. We can ameliorate the deficiency symptoms by B fertilizers such as boric acid 
and borax. Increasing the amounts of B stimulates the plant growth, the dry matter yield, 
the concentrations of the B in the plant and their uptake. However, high doses have 
negative effect and decrease the plant growth and other nutrients uptake. The highest dose 
of B sources not only lower dry matter yield in the plant but also decrease the uptake of 
nutrient elements. Therefore, extreme care is needed for choosing the right source, doses 
and methods during the B fertilization. With the further studies deal with determining the 
harmful threshold, this antagonistic effect between the nutrients might be useful way to stop 
the access uptake of B from the soil and by the way it might prevent the high consumption 
of the fertilizers. As a consequence of high concentrations of B which lead toxicity, 
degradation on the nutrients uptake and also degradation on the ratio between the nutrients 
and B; adequate amounts of B must be applied to plants. On the fields having high amounts 
of B; much more attention must be paid to mineral nutrition of the plants to prevent the 
crop losses due to the antagonistic effect with B. These essential nutrients should be used in 
correct doses for increasing soil fertility and to boost up crop production so further 
researches should be done on the field. 

 

Acknowledgements 
The authors wish to extend their acknowledgments to the Research Fund of Uludag 

University for the financial support of the Project No. OUAP(Z)-2014/8. 
 

References 
Ahmad, W., A. Niaz, S. Kanwal and M. K. Rasheed. 2009. Role of boron in plant growth: A review. 

Journal of Agricultural Research, 47: 329-338. 
Ahmad, W., A. Niaz, M.H.S. Zia and S.S. Malhi. 2012. Boron deficiency in soils and crops: A 

review. INTECH Open Access Publisher. 
Alpaslan M. and A. Güneş. 2001. Interactive effects of boron and salinity stress on the growth, 

membrane permeability, and mineral composition of tomato and cucumber plants. Plant and 
Soil, 236:123–128. 

Bariya, H., S. Bagtharia and A. Patel. 2014. Boron: A promising nutrient for increasing growth and 
yield of plants. In: Hawkesford, Malcolm J., Kopriva, Stanislav, De Kok, Luit J. (Eds.) 
Nutrient Use Efficiency in Plants. Springer International Publishing Switzerland, pp. 153-
170. 

Ben-Gal A. and U. Shani. 2002. Yield, transpiration and growth of tomatoes under combined excess 
boron and salinity stress. Plant and Soil, 247(2): 211-221. 

Bestas Z. and H. Celik. 2016. Effects of boron resources and increasing application doses on dry 
matter boron and potassium uptake of sunflower.  Works of the faculty of agriculture and 
food sciences University of Sarajevo. p. 228-232. 

Brdar-Jokanović, M., I. Maksimović, M. Kraljević-Balalić, T. Zeremski-Skorić, A. Kondić-Spika and 
B. Kobiljski. 2013. Boron concentration vs. content as criterion for estimating boron 
tolerance in wheat. J. Plant Nutr., 36: 470-480. 

 54 



Camacho‐Cristóbal J.J., J. Rexach and A. González‐Fontes. 2008. Boron in plants: deficiency and 
toxicity. J. Integrative Plant Biol., 50 (10): 1247-1255  

Çikili Y., H. Samet and S. Dursun. 2015. Mutual effects of boron and zinc on peanut (Arachis 
hypogaea L.) growth and mineral nutrition. Commun. Soil Sci. Plant Anal., 46 (5): 641-651 

Davis J., M. Sanders, D. C. Nelson, P. V. Lengnick and L. W. J. Sperry. 2003. Boron improves 
growth, yield, quality, and nutrient content of tomato. J. Amer. Soc. Hort. Sci., 128: 441–
446. 

Eraslan, F. M. Polat, A. Yildirim and Z. Kucukyumuk. 2016. Physiological and Nutritional Responses 
of Two Distinctive Quince (Ceydonia oblonga Mill.) Rootstocks to Boron Toxicity. Pak. J. 
Bot 48(1): 75-80. 

Esim N., D. Tiryaki, O. Karadagoglu and O. Atici. 2012. Toxic effects of boron on growth and 
antioxidant system parameters of maize (Zea mays L.) roots. Toxicol. Indust. Health, p.1-6. 

Gezgin S. and M. Hamurcu. 2006. The importance of the nutrient elements interaction and the 
interactions between boron with the other nutrient elements in plant nutrition. Bitki 
beslemede besin elementleri arasındaki etkileşimin önemi ve bor ile diğer besin elementleri 
arasındaki etkileşimler. J. Selçuk Univ. Agric. Fac., 20(39): 24-31.  

Gimeno, V., Simón, I., Nieves, M., Martínez, V., Cámara-Zapata, J.M., García, A.L. and García-
Sánchez, F., 2012. The physiological and nutritional responses to an excess of boron by 
Verna lemon trees that were grafted on four contrasting rootstocks. Trees, 26(5), pp.1513-
1526. 

Gitanjali B., N. Khurana and C. Chatterjee. 2010. Impact of Boron Deficiency on Changes in 
Biochemical Attributes, Yield, and Seed Reserves in Chickpea. Commun. Soil Sci. Plant 
Anal.,  41(2): 199-206. 

Gupta U. C. 2016. Boron, In: Barker A.V. and Pilbeam D.J. (Ed). Handbook of Plant Nutrition, CRC 
Press, Taylor and Francis Group 6000 Broken Sound Parkway NW, Suite 300 Boca Raton, 
FL 33487-2742. pp 241-277.    

Güneş A., M. Alpaslan, H. Özcan and Y. Çıkılı. 2000. Türkiye’de yaygın olarak yetiştirilen mısır 
(Zea mays L.) çeşitlerinin Bor toksisitesine duyarlılıkları. Turk. J. Agric. For. 24:277-282.  

Hakki E.E., E. Atalay, M. Harmankaya, M. Babaoglu, M. Hamurcu and S. Gezgin. 2007. 
Determination of suitable maize (Zea mays L.) genotypes to be cultivated in boron-rich 
central Anatolian soil. In: Xu F, Goldbach HE, Brown PH, Bell RW, Fujiwara T, Hunt CD, 
et al. (eds) Advances in Plant and Animal Boron Nutrition. Wuhan, China: Springer, 
pp.231–247. 

Hansen T.H., T.C. de Bang, K. H. Laursen, P. Pedas, S. Husted and J. K. Schjørring. 2013. 
Multielement plant tissue analysis using ICP spectrometry. In: F.J.M. Maathuis (Ed.), Plant 
Mineral Nutrients: Methods and Protocols, p.121-141. 

Hamurcu M., T. Demiral, E. E. Hakkı, Ö. Turkmen, S. Gezgin and R. W. Bell. 2015. Oxidative stress 
responses in watermelon (Citrullus lanatus) as influenced by boron toxicity and drought. 
Zemdirbyste-Agric., 102 (2): 209–216.  

Haque, M.R., M. Robbani M.M. Hasan, M. Asaduzzaman, M.M. Hasan and J.A. Teixeira da Silva. 
2014. Zinc and Boron Affect Yield and Quality of Onion (Allium cepa L.) Seed. Int. J. 
Veget. Sci. 20(2):131-140. 

Herrera-Rodríguez, M.B., A. González-Fontes, J. Rexach, J.J. Camacho-Cristóbal, J.M. Maldonado 
and M.T. Navarro-Gochicoa. 2010. Role of boron in vascular plants and response 
mechanisms to boron stresses. Plant Stress, 4(2), pp.115-122. 

 55 



Horneck D. A. and D. Hanson. 1998. Determination of Potassium and Sodium by Flame Emission 
Spectrophotometry, In: Karla Y.P. (Ed). Handbook of Reference Methods for Plant 
Analysis, CRC Press, Washington, D.C. pp 157-164. 

Kaur G. and K. A. Nelson. 2015. Effect of foliar boron fertilization of fine textured soils on corn 
yields. Agron. 5(1): 1–18. 

Koohkan H. and M. Maftoun. 2016. Effect of nitrogen– boron interaction on plant growth and tissue 
nutrient concentration of canola (Brassica napus L.), J. Plant Nutr., 39:7: 922-931. 

Marx, E.S., Hart, J.M. and Stevens, R.G., 1996. Soil test interpretation guide (No. 1478). Oregon: 
Oregon State University Extension Service. p. 8. 

Mattos-Jr, D., Hippler, F.W., Boaretto, R.M., Stuchi, E.S. and Quaggio, J.A., 2017. Soil boron 
fertilization: the role of nutrient sources and rootstocks in citrus production. 

Mouhtaridou, G. N., T. E. Sotiropoulos, K. N. Dimassi and I. N. Therios. 2004. Effects of boron on 
growth, and chlorophyll and mineral contents of shoots of the apple rootstock MM 106 
cultured in vitro. Biologia Plantarum 48(4): 617-619. 

Müftüoğlu, N.M., C. Türkmen, and Y. Çıkılı. 2014. Toprak ve Bitkide Verimlilik Analizleri. Nobel 
Yayınevi. 218 p. 

Olson S. M., D. N. Maynard, G. J. Hochmuth, C. S. Vavrina, W. M. Stall, T. A. Kucharek, S. E. 
Webb, T. G. Taylor, S. A. Smith and E. H. Simonne. 2012. Tomato production in Florida 
(IFAS Extension HS739). University of Florida.  

Özsoy G. and E. Aksoy. 2013. Properties and classification of irrigated and non- irrigated Vertisols 
formed under Mediterranean climate. J. Food, Agric. Environ., 11(3&4): 2478-2480. 

Öztürk, Ö., S. Soylu, R. Ada, S. Gezgin and M. Babaoğlu. 2010. Studies on differential response of 
spring canola cultivars to boron toxicity. J. Plant Nutr. 33(8): 1141-1154. 

Reid R. 2007. Update on boron toxicity and tolerance in plants. In: Xu F, Goldbach HE, Brown PH, 
Bell RW, Fujiwara T, Hunt CD, Goldberg S, Shi L, eds. Advances in Plant and Animal 
Boron Nutrition. Springer, Dordrecht, the Netherlands, pp. 83-90. 

Siddiqui M. H., M. H. Al-Whaibi, A. M. Sakran, H. M. Ali, M. O. Basalah, M. Faisal, A. Alatar and 
A. A. Al-Amri. 2013. Calcium-induced amelioration of boron toxicity in radish. J. Plant 
Growth Regul., 32 (1): 61–71.  

Sotiropoulos, T. E., I. N. Therios, V. Tsirakoglou and K. N. Dimassi. 2007. Response of the quince 
genotypes BA 29 and EMA used as pear rootstocks to boron and salinity. Int. J. of Fruit Sci. 
6(4): 93-101. 

Tanaka M. and T. Fujiwara. 2008. Physiological roles and transport mechanisms of boron: 
perspectives from plants. Eur. J. Physiol., 456(4): 671-677. 

Yan X., P. Wu, H. Ling, G. Xu, F. Xu and Q. Zhang. 2006. Plant nutriomics in China: An overview. 
Ann. Bot., 98: 473-482. 

Yau S. K. and J. Ryan. 2008. Boron toxicity tolerance in crops: A viable alternative to soil 
amelioration. Crop Sci., 48: 854–865. 

 
 
 
 
 
 

 56 


	Effects of Increasing Application Doses of Borax and Boric acid on Nutrient Element Uptake of Maize (Zea mays L.)
	Introduction
	Material and Methods
	Results and Discussion
	Conclusion
	Acknowledgements
	References


