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ABSTRACT

The effect of different nitrogen (N) treatments on the nutrient contents of tomato (Lycopersicon esculentum
Mill., cv. ‘Tayfun F1°) under different boron (B) concentrations were investigated in greenhouse conditions
with four replications. Four different levels of B (0, 5, 10 and 20 mg kg™) and three levels of N (100, 200,
300 mg kg ) were used in this research. The results showed that tomato plant growth was negatively affected
with increasing B concentrations and symptoms of boron toxicity were observed. The tomato leaf nutrient
concentrations were increased in all plants with B and N treatments and 20 mg kg' B and 300 mg kg' N
treatments were determined to be more effective compared to the others. 20 mg kg™ B and 100 mg kg
N treatment caused the highest micro element concentrations of tomato leaf. This could be interpreted as
N application having a dilution effect to be able to maintain development under conditions of toxicity of B.
The plants growth under boron toxicity conditions showed increased vegetation with increasing N applica-
tions which was attributed to the dilution effect.
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INTRODUCTION

Boron (B) is an essential micronutrient for plant
nutrition and plays an important role in plant growth,
metabolic events and cell functions [El-Hamdaoui et
al. 2003]. It is assumed that the boron is transported
by plants through xylem due to transpiration and ab-
sorbed by plants from the soil as non-ionized boric
acid [Pate 1975, Shelp et al. 1987, 1992, Dordas and
Brown 2000]. In the passive absorption by the roots,
the boron is absorbed through transpiration and is car-
ried to the terminal points of the plant within the xy-
lem transmission system [Hu and Brown 1997].

The boron element is generally present in arid
and semi-arid region soils. Especially in arid and
semi-arid regions, excess B in the soil causes toxic-
ity in plants and plant growth is adversely affected
by boron toxicity [Nable et al. 1997]. The extract-
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able boron level in hot water from soil is reported as
>0.8 mg kg! phytotoxicity [Silanpaa 1990]. Soil pH
affects boron uptake and there is a positive relation-
ship between soil pH: 6.5 and B uptake [Bingham et
al. 1970, Gupta 1979].

Boron, which is required by the plants in trace
amounts, is the element closest to its limit of defi-
ciency and toxicity. However, it is a strategic element
which is important for agriculture and is difficult to
study due to the narrow range [Reisenauer et al. 1973,
Adriano 1986, Alkan 1998, Blevins and Lukaszewski
1998, Mortvedt et al. 1991, Brown et al. 2002, Ata-
lay et al. 2003]. As boron has limited movement in
plant organs it is generally considered to be immobile
[Kacar and Katkat 1999]. Boron is necessary for plants
at low concentrations but has a toxic effect at high
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concentrations [Uygan and Cetin 2004]. High levels of
plant death and crop loss are caused by boron toxicity
[Khan et al. 1999]. Toxicity is also known to result in
changes in the distribution of the shoots and transpi-
ration ratio [Marschner 1995]. Common symptoms of
boron toxicity in plants are the prevention of dry mat-
ter loss and root elongation. The signs of toxicity first
occur on the old leaves and especially the accumula-
tion of boron is seen on the edges of these old leaves
[Tanaka and Fujiwara 2008, Rajaie et al. 2009]. Sakal
[1987] stated that there was an antagonistic relation-
ship between boron and nitrogen. Jones et al. [1963]
found that nitrogen applied to soils with high boron
content decreased boron intake in citrus fruits and the
toxic effect was eliminated.

Plant nutrients may have positive effects on boron
toxicity. Giines and Alpaslan [2000] investigated the
effect of increasing levels of applied (P) and (B) on
maize growth and nutrient concentration. With the
application of P, there was a decrease in B concen-
tration and uptake and an increase in P concentration
and uptake of the maize genotypes. Consequently,
B toxicity could be alleviated with applications of
P in the calcareous soils of semi-arid areas. Similar-
ly, Cikili et al. [2013] determined that K treatments
(0,200 ve 400 mg kg™ K,SO,) had a significant effect
in the alleviation of boron toxicity. Shoot and root dry
weights were reduced with the application of B, but
the application of K decreased the alleviation effect of
the boron. Aydin et al. [2005] stated that when B and
P doses were increased in maize cultivation, the N, Ca,
Mg, Fe, Mn, Zn and Cu contents of maize generally
decreased and phosphorus decreased with increasing
boron toxicity. Koohkan and Maftoun [2015] investi-
gated that the effect of N treatments (0, 75, 150, and
300 mg kg') on crop yield, B, and potassium (K)
concentrations of rice plants grown under B toxicity
(0, 2.5, 5, 10, 20, and 40 mg kg'). Boron addition
(higher than 2.5 mg kg') significantly reduced the
seed yield and N addition alleviated the growth sup-
pression effects caused by B supplements. Boron con-
centration declined with increasing N levels [Petridis
et al. 2013].

The main objective of this study was to evaluate the
effects of different nitrogen (N) treatments on growth
and nutrient contents of tomato under different boron
(B) concentrations in greenhouse conditions.
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MATERIAL AND METHODS

The pot experiments were conducted under green-
house conditions as a randomized plot design with
four replications. Increasing nitrogen applications
have been preferred because it promotes vegetative
growth in preventing negative effects of boron at
toxic levels. Because nitrogen promotes vegetative
growth, it has a diluting effect on the amount of tox-
ic boron. In addition, in determining nitrogen doses,
the lowest dose is planned to be the same as the basic
nitrogen requirement. Tomato (Lycopersicon esculen-
tum Mill., cv. ‘Tayfun F1”) was grown in plastic pots
(6 kg pot! soil) for a period of 10 weeks for growth
parameters. In the experiment, boron was applied at
the rate of 0, 5, 10, and 20 mg kg' as H,BO,, nitrogen
was applied at the rate of 0, 100, 200 and 300 mg kg™
and basal fertilization was conducted with am-
monium nitrate (2.5 kg ha! N), mono ammonium
phosphate (1.43 kg ha™ P,0,) and potassium nitrate
(4.0 kg ha™! K,0O). During the experimental period, the
soil was kept at approximately 70% of the field capac-
ity by watering. The maximum air temperature inside
greenhouse was 26°C, with a minimum night tempera-
ture of 16°C, relative humidity ranged from 60 to 65%
during the cultivation period. Cultural processes were
carried out during the vegetation period and the plants
were harvested at the end of the experiment.

Some characteristics of the experimental soil were
as follows: clay in texture (44.16% clay), organic matter
(4.34%), CaCO; (30.25%),pH="7.46,EC (0.803 dSm™),
0.245% total (N), 156 mg kg™ available (P), 430 mg kg™
extractable potassium (K), 2581 mg kg™ extractable cal-
cium (Ca), and 441.4 mg kg extractable magnesium
(Mg), 3.31 mg kg available iron (Fe), 0.284 mg kg"!
available zinc (Zn), 35.2 mg kg™ available manganese
(Mn), 0.59 mg kg! available copper (Cu) and 0.001 mg
kg available boron (B).

The wet weights of the harvested plants were de-
termined, washed with distilled water and then dried
in an oven at 65°C with constant weight. After drying;
0.5 g of each dried plant sample was digested with
10 mL HNO,/HCIO, (4 : 1) acid mixture on a hot plate
and then the samples were heated until a clear solu-
tion was obtained. The same procedure was repeated
several times. Concentrations of potassium (K), calci-
um (Ca), magnesium (Mg), iron (Fe), zinc (Zn), man-
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ganese (Mn) and copper (Cu) in the digestates were
determined using inductively coupled plasma (ICP)
[Kacar and Inal 2008]. Phosphorus (P) was measured
by spectrophotometer [Kacar and Kovanci 1982]
and nitrogen (N) was determined using a modified
Kjeldahl procedure [Kacar and Inal 2008].

All data were subjected to analysis of variance
and significant values (p < 0.05) were detected for the
treatments. Duncan’s Multiple Range Test was used to
determine the significance of differences between the
treatments using SAS software.

RESULTS AND DISCUSSIONS

Statistically significant differences were deter-
mined between the increasing B treatments in the to-
mato plants (p < 0.001). Increasing N treatments and
B*N interaction were not significant (Tab. 1). The tox-
icity symptoms of B were observed at 10 mg kg' and
20 mg kg! treatments in tomato plants and increasing
B treatments caused an increased concentration of B in
the plants. The highest boron concentration in the toma-
to plants was obtained from 20 mg kg! treatments and
as the amount of boron applied to the soil increased, so
the boron accumulation in the tomato plant increased.
Boron toxicity was observed in old leaves due to im-
mobility and the leaf tips were yellowed and necrosis
was formed. Increasing boron applications has been
previously reported to increase the boron content of
plants and B accumulation in the plants [Gupta et al.
1973, Ozkan et al. 1998, Asad et al. 2002, Rashidi and
Gholami 2011].

The effects of increasing B treatments on calci-
um and magnesium concentrations in tomato plants
were found to be statistically significant (p < 0.001).
Increasing B and N treatments caused Ca and Mg ac-
cumulation in tomato plants (Tab. 4). In particular, the
maximum B dose (20 mg kg™') provided the highest
Ca and Mg accumulation values. Ganmore-Neumann
and Davidov [1993] and Kobayashi et al. [1999] re-
ported that boron has a positive effect on calcium ac-
cumulation and translocation. Some researchers have
reported that the relationship between B and Ca is an-
tagonistic [Fox 1968, Chauhan and Power 1978].

The effects of increasing B and N treatments on
nitrogen concentrations in tomato plants were found to
be statistically significant (p < 0.001) but the B*N in-
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teraction was not significant. Increasing B and N treat-
ments caused the accumulation of B and N in tomato
plants. In particular, the maximum doses provided the
highest accumulation values (Tab. 2). Due to the con-
tinued plants growth at high N doses, the toxic effect
of boron is partially reduced and this is confirmed by
the symptoms observed in the plant. The reason for the
plant growth at toxic levels can be interpreted as the
effect of dilution [Sing et al. 1990].

The effects of increasing B treatments on phos-
phorus and potassium concentrations in tomato plants
were found to be statistically significant (p < 0.001).
The effects of the B*N interaction on potassium con-
centrations were also found to be statistically significant
(p <0.001). Increasing B and N treatments caused the
P accumulation in tomato plants (Tab. 3). In particular,
the maximum B dose (20 mg kg™') provided the highest
P and K accumulation values. The highest B*N inter-
action value was obtained from 200 mg kg™' N dose at
maximum B dose (20 mg kg™') and all N doses were
in the same group. Ozen [2006] reported that barley
varieties have different responses to boron applied
at different levels. Chhipa et al. [1993] and Hussain
et al. [2001] reported that increased boron (B) levels
increased the phosphorus uptake of the plant. Cikil
et al. [2013] stated that increased B applications in
cucumber plant increased P accumulation in shoots.
Koohkan and Maftoun [2015] reported that K concen-
trations of rice plants increased at high doses of nitro-
gen and boron. Ismail [2003] reported that high doses
of boron increased the B and K content in maize and
sorghum plants.

The effects of increasing B and N treatments on
iron and zinc concentrations in tomato plants were
found to be statistically significant. The effects of
the B*N interaction on iron and zinc concentrations
were also determined to be statistically significant
(p < 0.001). Increasing B and N treatments caused Fe
and Zn accumulation in tomato plants (Tab. 5). In partic-
ular, the maximum B and N doses provided the highest
Fe and Zn accumulation values. According to the inter-
action values, the highest Fe value was obtained from
20 mg kg' B and 100 mg kg!' N interaction, and the
highest Zn values were obtained from 20 mg kg' B and
100, 200, 300 mg kg ' N interaction in tomato plants.
Turan et al. [2010] determined that boron fertiliza-
tion causes an increase in P and Fe content in alfalfa
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Table 1. The effects of increasing B and N concentrations on boron concentrations (mg kg ') of tomato plants'

Boron doses Nitrogen doses (mg kg")

(mgkg™) 100 200 300 Mean
0 9.59 14.78 6.53 10.30D
5 201.38 176.50 194.00 190.62C
10 423.30 452.04 401.68 425.67B
20 907.83 1053.13 988.93 983.29A
Mean 385.53 424.11 397.79 -
Boron (B) 84.86 ***

Nitrogen (N) 0.25 ns

B*N interaction 0.24 ns

! Values are mean of four replicates (n = 4). Values in a row followed by different letters indicate significant differences (p < 0.05) between
treatments according to a Duncan’s multiple range tests. ANOVA shows significant difference at: *** p < 0.001, ns — not significant

Table 2. The effects of increasing B and N concentrations on nitrogen concentrations (mg kg ') of tomato plants'

Boron doses Nitrogen doses (mg kg™)

(mgkg") 100 200 300 Mean
0 2.56 3.04 3.17 2.92B
5 2.30 2.94 3.28 2.84B
10 2.32 2.93 3.22 2.83B
20 2.95 3.29 3.61 3.28A
Mean 2.53(C) 3.05(B) 3.32(A) -
Boron (B) 13.25 ***

Nitrogen (N) 60.97 ***

B*N interaction 0.96 ns

' Values are mean of four replicates (n = 4). Values in a row followed by different letters indicate significant differences (p < 0.05) between
treatments according to a Duncan’s multiple range tests. ANOVA shows significant difference at: *** p <0.001, ns — not significant

Table 3. The effects of increasing B and N concentrations on P and K concentrations (mg kg ') of tomato plants'

Phosphorus concentrations Potassium concentrations
?n?;olilggll())ses Nitrogen doses (mg kg™) Nitrogen doses (mg kg™)
100 200 300 Mean 100 200 300 Mean
0.081 0.105  0.099 0.095C 1.07bc 1.35ba 1.19bc 1.20B
5 0.090 0.092  0.125 0.102CB 1.33ba 0.87dc 0.48¢ 0.89C
10 0.103 0.121  0.121 0.115B 0.42¢ 0.66de 1.13bc 0.73C
20 0.180 0.183  0.179 0.181A 1.58a 1.67a 1.60a 1.62A
Mean 0.114 0.125  0.131 - 1.05 1.14 1.10 -
Boron (B) 38.94 *** 29.93 ***
Nitrogen (N) 2.61 ns 0.14 ns
B*N interaction 0.98 ns 7.22 *x*

' Values are mean of four replicates (n = 4). Values in a row followed by different letters indicate significant differences (p < 0.05) between
treatments according to a Duncan’s multiple range tests. ANOVA shows significant difference at: *** p <0.001, ns — not significant
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Table 4. The effects of increasing B and N concentrations on Ca and Mg concentrations (mg kg ') of tomato plants'

Boron doses

Calcium concentrations

Magnesium concentrations

(mg kg Nitrogen doses (mg kg™') Nitrogen doses (mg kg ')
100 200 300 Mean 100 200 300 Mean
6.24 7.76 7.00 7.00B 0.70 0.88 0.82 0.80C
5 6.78 7.93 7.99 7.56BA 0.89 1.02 1.00 0.97B
10 7.32 8.15 9.21 8.23A 0.99 1.10 1.23 1.11A
20 9.24 8.06 7.80 8.37A 1.35 1.22 1.12 1.23A
Mean 7.40 7.98 8.00 - 0.98 1.06 1.04 -
Boron (B) 4.09 * 16.78 ***
Nitrogen (N) 1.6 ns 0.95 ns
B*N interaction 2.35ns 1.98 ns

! Values are mean of four replicates (n = 4). Values in a row followed by different letters indicate significant differences (p < 0.05) between
treatments according to a Duncan’s multiple range tests. ANOVA shows significant difference at: * p < 0.05, *** p <0.001, ns — not significant

Table 5. The effects of increasing B and N concentrations on Fe and Zn concentrations (mg kg ') of tomato plants’

Boron doses

Iron concentrations

Zinc concentrations

(mg kg ) Nitrogen doses (mg kg™') Nitrogen doses (mg kg ')
100 200 300 Mean 100 200 300 Mean

56.4d 55.9d 135.0bac 82.5C 5.0d 5.1d 16.8¢ 8.9C
5 92.8bcd 130.8bac 115.6bac 113.1B 17.7¢ 18.3¢ 20.7bc 18.9B
10 87.9dc 107.8bac 139.9ba 111.9B 17.6¢ 20.7bc 23.5ba 20.6B
20 157.0a 131.2bac 131.2bac 139.8A 27.7a 27.1a 26.4a 27.1A
Mean 98.5(B) 106.4(B) 130.4(A) - 17.0(B) 17.8(B) 21.9(A) -
Boron (B) 6.95 *** 61.97 ***
Nitrogen (N) 4.67 * 10.01 ***
B*N interaction 3.16 * 3.74 *x*

! Values are mean of four replicates (n = 4). Values in a row followed by different letters indicate significant differences (p < 0.05) between
treatments according to a Duncan’s multiple range tests. ANOVA shows significant difference at: * p < 0.05, *** p <0.001

Table 6. The effects of increasing B and N concentrations on Mn and Cu concentrations (mg kg ') of tomato plants'

Boron doses

Manganese concentrations
Nitrogen doses (mg kg ')

Copper concentrations
Nitrogen doses (mg kg ')

(mgkg ™)
100 200 300 Mean 100 200 300 Mean

0 59.2d 74.7d 128.5¢ 87.5C 4.9¢ 6.4cb 8.9b 6.8B
5 117.1¢ 132.3¢ 146.1bac 131.8B 6.8cb 6.8¢cb 7.1¢cb 6.9B
10 133.4¢ 140.6bac 165.8ba 146.6BA 6.7¢cb 8.4b 7.8¢cb 7.6B
20 168.6a 165.8ba 136.8bc 157.1A 12.6a 9.3b 8.4b 10.1A
Mean 119.5(B) 128.3(B) 144.3(A) - 7.8 7.7 8.0 -

Boron (B) 31.04 *** 7.33 wkk

Nitrogen (N) 6.94 *** 0.13 ns

B*N interaction 5.51 *** 3.29 *

! Values are mean of four replicates (n = 4). Values in a row followed by different letters indicate significant differences (p < 0.05) between
treatments according to a Duncan’s multiple range tests. ANOVA shows significant difference at: * p < 0.05, *** p <0.001, ns — not significant
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plants. The increase in boron levels increased the Fe
concentration in the cowpea from 142.5 mg kg™ to
245 mg kg [Singh 1988]. Koohkan and Maftoun
[2015] reported that boron applications increased B,
K, P and Zn concentrations in rice under nitrogen
and boron toxicity conditions. Sinha et al. [2000] de-
termined that increasing applications of boron in the
mustard plant increased the Zn content of the plant.

The effects of increasing B and B*N treatments on
manganese and copper concentrations in tomato plants
were found to be statistically significant. The effects
of N treatments on Mn concentrations were also deter-
mined to be statistically significant (p <0.001) and the
highest Mn concentration was obtained from 300 mg
kg 'treatment. Increasing B treatments caused Mn and
Cu accumulation in tomato plants (Tab. 6). In particu-
lar, the maximum B doses provided the highest Mn and
Cu accumulation values. According to the interaction
values, the highest Mn and Zn values were obtained
from 20 mg kg' B and 100 mg kg' N interaction in to-
mato plants. Lopez-Lefebre et al. [2002] reported that
increased boron treatments caused Fe, Mn, N, P and
K increases in tobacco roots and leaves. Esringii et al.
[2011] reported that increasing boron applications in-
creased the N, P, K, Zn, Fe, Cu and Mn ratios in wheat.
Turan et al. [2009] determined that increased B doses
in Brussels sprouts increased phosphorus, potassium,
iron, manganese, zinc and copper in the leaf. Chaplin
and Martin [1980] evaluated the effects of boron and
nitrogen on the red blackberry plant and observed an
increased level of Mn in the leaf with nitrogen appli-
cation. Seferoglu et al. [2011] reported that N and K
fertilizers significantly increased Fe, Mn, and Zn con-
tents in pistachio leaves.

CONCLUSION

The results of this study demonstrated that the harm-
ful effect of B toxicity on the mineral nutrient concen-
tration of tomato plants was partially diminished by the
addition of N. The increase of added B significantly
affected the nutrient content of the tomato plants and
the nutrient concentrations of the plants increased at
the concentration of B at toxic levels. In particular, in-
creased N applications caused an increase in N, Fe, Zn,
Mn contents in tomato plants. Increased nutrient con-
centrations were observed in all plants with increasing
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B and N treatments, and 20 mg kg™ B and 100 mg kg™
N were the most effective treatments compared to the
others in respect of the B*N interaction. In addition,
treatments of 20 mg kg' B and 300 mg kg™' N resulted
in the accumulation of nutrients.

Turkey is rich in agricultural land in terms of boron
element, and boron toxicity problems may occur from
time to time in different locations. Especially in areas
where thermal waters are present, boron dissolved in
irrigation water is significantly higher and can cause
toxicity in agriculture. It has been reported in many
studies in literature that increasing levels of elements
such as nitrogen, phosphorus, potassium, zinc etc. can
be effective in eliminating the negative effects of bo-
ron toxicity. In this study, it was aimed to reduce the
negative effects of toxicity problems and it was ob-
served that the plants accumulate more nutrients under
conditions of stress.
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