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ABSTRACT

Hydroponic systems are very often used for tomato production in the greenhouse. An important
role in the diagnosis of a plant nutritional status is played by leaf analysis. Boron toxicity is
crop specific, manifesting itself as damage to the tissues where it accumulates, and generally
leading to chlorosis and necrosis, first at the edges of mature leaves. The aim of the study was
to assess the effect of varying boron levels in the nutrient solution used for fertigation of two
tomato cultivars (Alboney F, and Emotion F,), supplied in the form of boric acid and borax.
A plant-growing experiment was conducted in 2009 - 2012 (Experiment I) and 2013 - 2014
(Experiment II). A standard nutrient solution for tomato cultivation was used with the following
nutrient content (in mg-dm®): N-NH, — 2.0, N-NO, — 230, P — 50, K — 420, Ca — 140, Mg - 60,
Cl - 30, S-SO, — 120, Fe —1.80, Mn — 0.3, Zn — 0.50, Cu — 0.07. The following combinations were
tested (mg-dm): Control (0.011), 0.4, 0.8, 1.6 in the form of: Na,B,O, - 10H,0 (Experiment I)
and boric acid H,BO, (Experiment II); (combinations denoted by the symbols B-I, B-II, B-III, and
B-1V, respectively). Analyses were conducted on the effect of boron fertigation on the macro- and
micronutrient content in leaves of tomato grown on rockwool. Supplied boric acid, the variety
significantly differentiated the content of phosphorus (B-III and B-IV), potassium (B-III), mag-
nesium (B-I to B-IV), iron (B-I and B-II), zinc (B-I and B-III), copper (B-IV). When standard
borax was used, the variety modified the content of potassium (B-IV), calcium (B-I and B-IV),
magnesium (B-I and B-II), iron (B-III), manganese (B-I to B-IV), copper (B-IV).
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INTRODUCTION

Boron toxicity is a serious concern that can limit plant growth on soils
of arid and semiarid environments throughout the world (ALpasLaN, GUNES
2001). The range of boron concentrations optimal for plant growth is very
narrow; additionally, this element is toxic to many plant species at levels
only slightly above that required for normal growth (ReviLLa et al. 1985).
Boron i1s accumulated in the leaf cell walls and may penetrate to the cyto-
plasm, disturbing metabolism and resulting in the development of boron
toxicity symptoms (MaroH 1997). While symptoms related to boron deficiency
are clear, the primary physiological effect of boron remains unknown (CamacHo-
-CristoBAL, GoNzaLES-FONTES 1999). Boron toxicity is crop specific, manifest-
ing itself as damage to the tissues where it accumulates, and generally lead-
ing to chlorosis and necrosis, first at the edges of mature leaves (BROwWN,
SHELP 1997, NABLE et al. 1997). Leaf analysis plays an important role in diagno-
sing a plant nutritional status (GLONEK, Komosa 2013).

The aim of the study was to assess the effect of varying boron levels in
the nutrient solution used for fertigation of two tomato cultivars, supplied in
the form of boric acid as an alternative source of boron, compared to borax,
used most commonly in intensive rockwool cultivation systems.

MATERIAL AND METHODS

The plant growing experiment was conducted in 2009-2012 (Experiment I)
and 2013 - 2014 (Experiment II). Analyses were conducted on the effect
of boron fertigation on the macro- and micronutrient content in leaves
of tomato grown on rockwool. The plant growing experiments were run in
a specialist culture greenhouse equipped with a modern climate control sys-
tem. Climate parameters (temperature, CO, content, % RH) were recorded
using the Synopta software. The facilities were equipped with a modern,
computer-controlled fertigation system and energy-conservation curtains.
Plants were grown at a density of 2.7 plants m2.

The experiment was conducted on two tomato cultivars: Alboney F, and
Emotion F, (Markiewicz 2017). Plants were grown on standard rockwool
(density of 60 kg m™, mats of 100x15x7.5 cm). All cultivation measures were
performed in accordance with the current recommendations for tomato
growing (ADAMICKI et al. 2005). Seeds were sown into cultivation plugs in the
15t half of March in each year of the study. After 2 weeks seedlings were
transplanted to rockwool cubes (10x10x10 cm). Plants were transplanted
to permanent beds in the second half of April in each year of the study.
The experiment was concluded on 30 September each year. The experiments
were conducted according to a two-factor design (factor A: boron concentra-
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tion, factor B cultivar) in 5 replications, each composed of four plants. Plants
were grown in a closed fertigation system with no recirculation of the nutrient
solution. A standard nutrient solution for tomato cultivation was used with
the following nutrient content (mg dm™®): N-NH, — 2.0, N-NO, — 230, P — 50,
K — 420, Ca — 140, Mg — 60, CI — 30, S-SO, — 120, Fe —1.80, Mn — 0.3,
Zn — 0.50, Cu — 0.07. The nutrient solution of boron was prepared and added
individually to the respective tanks with a capacity of 1000 dm?® in the
following combinations (mg dm): Control (0.011), 0.4, 0.8, 1.6 in the form of:
Na,B,O0, - 10H,0 (Experiment I) and boric acid H,BO, (Experiment II);
(combinations denoted by the following symbols BI, B-II, B-III, B-IV, respec-
tively). The applied nutrient solution dose depended on the development
phase of plants and climatic conditions. In the period of intensive plant
yielding and high temperatures (June - July) 3.0 - 3.5 dm?® nutrient solution
per plant were applied daily, in 15 - 20 single doses at 20 - 30% drip from
mats.

Leaf samples for chemical analyses were collected on 15.06, 15.07 and
16.08 in each year of the study. Index parts comprised 8 - 9 leaves counting
from the top of the plant. One bulk sample was composed of 12 leaves col-
lected from plants within a given combination. Collected plant material was
dried at a temperature of 45 - 50°C and then ground. Plant material
was mineralized in concentrated sulfuric acid in order to determine total ni-
trogen, phosphorus, potassium, calcium and magnesium contents. In order to
determine total contents of iron, manganese, zinc and copper, the plant ma-
terial was mineralized in a mixture of acetic and perchloric acids (3:1 v/v).
The nutrient content was determined using the following methods: N — total
— by the distillation method according to Kjeldahl in a Parnas-Wagner appa-
ratus, P — by colorimetry with ammonium molybdate while K, Ca, Mg, Fe,
Mn, Zn and Cu were determined according to AAS.

Results of laboratory analyses were analyzed statistically using the Dun-
can test, with inference at ¢ = 0.05.

RESULTS AND DISCUSSION

Experiment I

Nitrogen. In tomato indicator parts, from 3.48% to 3.72% N were deter-
mined (Table 1). There was no effect of the mean concentrations of boron on
nitrogen compounds in the combinations B-I to B-IV. There were no signifi-
cant differences in the nitrogen content between the varieties. The nitrogen
content was markedly smaller than that reported by other authors (JarRosz,
Horobko 2004, KowaLska 2004, Jarosz, DzipA 2011); however, it was within
the content ranges recommended by Krew et al. (1990), PLaNk (1999) and
CaMPBELL (2000) — Table 2.
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Table 1
The influence of borax nutrition on macro- and microelement content in tomato leaves
(means from 2009-2012)

B-level (mg dm)
BI | BI | BII | BIV | mean | BI | BII | BII | BIV | mean
N (% in d.m.) Fe (mg kg'd.m.)
Alboney F, | 3.68¢ | 3.49a | 3.52a | 3.72a | 3.60A4 | 162.2c | 162.7¢ | 151.4c | 120.1a | 149.1B
Emotion F, | 3.48a | 3.53a | 3.6la | 3.58a | 3.55A | 144.1bc | 143.9bc | 130.3ab | 128.8ab | 136.74
Mean 3584 | 3524 | 3.574 | 3.654 153.1B | 153.3B | 140.8B | 124.54
P (% in d.m.) Mn (mg kg'd.m.)
Alboney F, | 0.80bc | 0.65ab | 0.63a | 0.59a | 0.66A | 191.2¢ | 191.3¢ | 174.3b | 147.6a | 176.1B

Cultivar

Emotion F, 0.84c | 0.66ab | 0.73abc | 0.70abc | 0.73A | 169.4b | 136.0a | 151.4a | 171.6b | 157.1A
Mean 0.82B | 0.654 0.684 | 0.65A 180.3B | 163.6A | 162.9A | 159.6A

K (% in d.m.) Zn (mg kg'd.m.)
Alboney F, 3.99a |4.24abc| 4.53c¢ | 4.33bc | 4.27A | 39.96a | 41.43a | 50.81bc | 42.83ab | 43.75A
Emotion F, | 4.09ab | 4.21bc | 4.29abc | 4.82d 4.35A | 42.63ab | 44.45ab | 53.85¢ | 41.01la | 45,48A
Mean 4.04A | 4.22AB | 4.41BC | 4.57C 41.30A | 42.94A | 52.33B | 41.95A4
Ca (% in d.m.) Cu (mg kg'd.m.)

Alboney F, 4.60d 4.26c | 4.14bc | 3.97b | 4.24B | 15.60a | 14.36a | 21.96b | 13.78a | 16.42A
Emotion F| | 3.94b 4.27¢ | 4.05bc | 3.72a | 3.99A | 15.93a | 15.84a | 20.76b | 20.87b | 18.35B
Mean 4.27C | 4.27C | 4.09B | 3.84A 15.76A | 15.10A | 21.36B | 17.324

Mg (% in d.m.) Key for Tables 1 and 2: within rows: means
ked with diffi t ital letters diffe
Alboney F. | 0.73a | 0.98¢ | 0.78a | 0.73a¢ | 0.80A | Mar=eC With CLETEnt capital fetters duier
1 significantly, within rows and columns:
Emotion F| | 0.94bc | 1.11d | 0.82ab | 0.84ab | 0.92B means marked with different small letters
differ significantly

Mean 0.824 1.056B | 0.80A | 0.784

Phosphorus. Increasing boron concentrations in the nutrient solution
used for fertigation were found to cause greater reduction in the P content in
leaves of tomato cv. Alboney F,. The highest content of phosphorus (0.80% P)
in comparison with combinations B-III and B-IV was recorded for the
B-I combination. There was no significant effect of boron concentrations in
the medium on differences in the phosphorus content between combinations
B-I, B-III and B-IV for cv. Emotion F,. The highest average phosphorus con-
tent was recorded in combination B-I (0.82% P).

Potassium. In tomato indicator parts, from 3.99% K to 4.82% K were
determined. There were no significant differences in the potassium content
in Alboney F| leaves at boron concentrations from 0.40 to 1.60 mg dm™, while
for cv. Emotion F, the concentrations ranged from 0.011 to 0.80 mg dm™.
Significant differences in the potassium content between varieties were
found only at the boron concentration of 1.60 mg dm™. The potassium con-
tent in the indicator parts of tomato plants may be varied depending on the
cultivar, substrate and the type of crop, ranging from 3.00% of K (CAMPBELL
2000) to 6.27% of K (PawLINskA, Komosa 2006).
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Content of macroelements according to other authors (in % in d.m. of leaves) fable 2
Source Nutrient content (average or range)
N P K Ca Mg

Borax 3.48-3.72 0.59-0.84 3.99-4.82 3.72-4.27 0.73-0.98
Own studies

Boric acid 3.18-3.66 0.68-0.90 3.82-4.78 3.10-4.40 0.51-0.73
Agric. Service... (2001) 3.5-5.0 0. 0.30-0.65 3.50-4.50 1.0-3.0 0.35-1.00
CAMPBEL (2000) 3.5-5.0 0.3-0.7 3.0-4.5 1.0-2.0 0.30-0.80
CHOHURA, Komosa (2003) 3.31-3.89 0.36-0.47 5.02-5.54 7.08-7.47 0.45-0.69
Jarosz (2006) 2.95-2.96 0.82-0.83 4.41-4.42 5.26-5.41 0.55-0.59
JArosz, Horobko (2004) 4.20 0.85 5.32 3.31 0.60
JARrosz, Dzipa (2011) 3.97-4.27 0.47-0.51 4.30-5.11 2.12-2.98 0.27-0.36
KowaLska (2004) 4.83-4.99 0.51-0.74 3.99-4.08 3.13-3.36 0.65-0.69
KRrEW ET AL. (1990) 2.8-4.2 0.30-0.46 3.5-5.1 1.6-3.2 0.36-0.50
NURzYKSKI (2006) 3.83 0.41 5.45 2.97 0.28
Pawrixska, Komosa (2006) | 4.22-4.27 0.74-0.78 6.15-6.27
Prank (1999) 3.5-5.0 0.5-1.0 3.5-5.0 0.9-1.8 0.5-1.0

Calcium. The boron level in the nutrient solution affected the calcium
content in the indicator parts of tomato plants. The lowest statistically sig-
nificant Ca content (3.72%) was recorded in the leaves of cv. Emotion F, in
combination B-IV as compared with combinations B-I to B-III, and B-IV in
comparison with B-I and B-II of Alboney F,. Significant differences in the
calcium content between the cultivars were demonstrated in the combina-
tions of B-I and B-IV. The variety significantly differentiated the mean con-
tent of calcium. The highest mean content was found in Alboney F, leaves
(4.24% Ca).

Magnesium. The highest magnesium content was recorded in the toma-
to leaves of cv. Alboney F, and Emotion F, at a boron concentration in the
nutrient solution of 0.40 mg dm?®. There were no significant differences
in the magnesium content between combinations B-I and B-III and B-IV.
The variety significantly differentiated the mean content of magnesium
(0.80% and 0.92%).

Iron. Significant variation was found in the iron content in tomato
leaves at a boron concentration in the nutrient solution of 0.80 mg dm™.
The lowest iron content was found in leaves of cv. Alboney F, when grown
with the nutrient solution 1.60 mg B dm™ (120.1 mg kg?'). Boron fertigation
influenced the average iron content in the indicator plant parts. An increase
in the boron content in the medium to 1.60 mg dm=* (B-IV) caused a signifi-
cant reduction in the mean iron content in tomato leaves.
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Manganese. An increase in boron concentrations in the nutrient solu-
tion had an effect on the Mn content in tomato leaves. The highest manga-
nese content in Alboney F, leaves was found in combinations B-I and B-II
(191.2 and 191.3 mg kg'). The highest manganese content in the leaves of cv.
Emotion F, variety was recorded at boron concentrations of 0.011 and
1.60 mg dm™ (169.4 and 171.6 mg kg!). The cultivar differentiated the con-
tent of manganese in the leaves. Contents of iron and manganese in the in-
dicator parts of tomato plants reported in this study fell within a broad
range of contents provided by other authors (CampBeL 2000, UcHipa 2000,
Acric SERvICE 2001) — Table 3. The highest mean content of iron and manga-
nese in Alboney F, leaves was found (149.1 mg kg' Fe, 176.1 mg kg Mn).

Table 3
Content of microelements according to other authors (in mg kg' d.m. of leaves)

Nutrient content (average or range)
Source
Fe Mn Zn Cu
) borax 120.1-162.7 136.0-191.2 39.96-53.85 13.78-21.96
Own studies
Boric acid 115.4-164.6 141.1-193.5 39.25-98.27 15.15-22.07
Acric. SERVICE. (2001) 50-300 25-200 18-80 5-35
Bres, Ruprik (2007) 80.0-120.4 70.6-190.9 66.9-102.1 8.70-15.62
CHOHURA, Komosa (2003) 85.5-161.9 252.0-273.3 33.8-75.8 10.23-13.84
CHOHURA ET AL. (2006) 97.1-205.3 338.9 28.3-53.7 7.73-12.65
CAMPBEL (2000) 45-300 30-300 18-75 5-30
KowaLska (2004) 136.7-141.6 115.6-137.0 40.6-47.5 33.02-36.60
KREW ET AL. (1990) 84-112 54-165 54-76 6
Prank (1999) 50-300 50-100 20-100 8-20

Zinc. The highest average zinc content was recorded in combination
B-III (52.3 mg kg!) compared to the other combinations. The cultivar did not
differentiate the average zinc content in the indicator plant parts. The results
obtained in our study did not exceed the values reported by other authors.

Copper. The highest copper content was detected in the leaves of cv.
Emotion in combinations B-III and B-IV, whereas in cv. Alboney F, it was in
combination B-III. The greatest mean copper content was recorded in combi-
nation B-IIT (21.36 mg kg?). The cultivar had a significant effect on the zinc
content at concentrations of 0.80 and 1.60 mg dm=3. The highest mean con-
tent of copper was found in Alboney F, leaves (18.35 mg kg™).

The recorded copper content in the leaves was greater than those ob-
tained by ATHERTHON et al. (1986), BrES, Ruprik (2007), CHOHURA et al. (2006),
JAarosz (2014), but lower than the content obtained by KowaLska (2004).
All recorded contents fell within the range given by PLank (1999), AGrRIC SER-
VICE (2001).
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Experiment II

Nitrogen. Boron has been implicated in N metabolism. In tomato plants
deficient in B, nitrate levels rise as a consequences of reduced nitrate reduc-
tase (NR) activity (BoNiLLA et al. 1988). In nitrogen fixing plants (pea and
soybean) the activity of nitrogenase is sensitive to both B deficiency and B
toxicity (Boranos et al. 1994, CarpENA et al. 2000). Significant differences
were found in the mean nitrogen content in combination B-I (3.17% N) com-
pared to B-III (3.53% N) — Table 4. The cultivar, as in the case of the use of

Table 4
The influence of boric acid nutrition on macro- and microelement content in tomato leaves
(means from 2013-2014)

B-level (mg dm™)
BI | B-II | B-III | B-IV |mean B

Cultivar

B-II | B-III | B-IV |mean

N (% in d.m.) Fe (mg kg'd.m.)

Alboney F, | 3.18ab | 3.36ab | 3.66b | 3.47ab | 3.41A | 138.5bc | 138.2bc | 126.5abc | 123.5ab | 131.7A
Emotion F, | 8.17a | 3.37ab | 3.40ab | 3.38ab | 3-33A | 159.3de | 164.6e | 143.5cd | 115.4a |145.7B
Mean 3.17A | 3.36AB | 3.53B | 3.43AB 148.9C | 151.4C | 133.0B | 119.4A
P (% in d.m.) Mn (mg kg'd.m.)
Alboney F, | 0.85bc | 0.85bc | 0.90c | 0.83bc | 0.85B | 166.16 | 141.la | 151.0a | 169.0b |155.54
Emotion F, | 0.81bc | 0.75ab | 0.75ab | 0.68a | 0.74A | 193.5d | 182.9c¢ | 168.6b | 178.0b |180.7B
Mean 0.83B | 0.80AB | 0.824B | 0.754 179.8B | 162.04 | 159.84 | 159.84
K (% in d.m.) Zn (mg kg'd.m.)

Alboney F, | 3.91a | 4.78¢ 4.64c 4.65¢ | 4.49A | 46.66b | 50.23b 47.99b 39.83a | 45.67B
Emotion F, | 3.82a | 4.60bc | 4.38b | 4.59bc | 4.34A | 39.95¢ | 48.27b | 40.58a | 40.91a |42.254
Mean 3.86A | 4.69C 4.51B | 4.62BC 42.95A | 49.25B | 44.28AB | 40.37A
Ca (% in d.m.) Cu (mg kg'd.m.)
Alboney F, | 4.40b | 3.4la | 3.34a | 3.47a | 3.65B |18.22ab| 20.65¢ | 18.20ab | 22.07¢ |19.78B
Emotion F, | 4.26b | 3.11a | 8.10a | 3.48z | 348A | 16.08¢ | 21.94c | 15.39a | 15.15a |17.144
Mean 4.35B | 3.26A | 3.22A | 3.48A 17.15A | 21.30B | 16.80A | 18.614
Mg (% in d.m.)

Alboney F, | 0.615 | 0.57b | 0.6dc | 0.51a | 0.58A
Emotion F, | 0.73d | 0.69c¢ | 0.62b | 0.61b | 0.66B
Mean 0.67B | 0.63B | 0.63B | 0.56A

Explanations see Table 1

borax, had no effect on nitrogen contents in tomato leaves. The nitrogen
contents obtained in our study were similar to those reported by KLEIBER
(2015) in experiments conducted using the same tomato cultivars. According
to other authors, the optimal range of nitrogen content in tomato leaves is quite
wide (Krew et al. 1990, Prank 1999, CampBEL 2000, Agric Service... 2001).
Phosphorus. An increase in the boron content in the nutrient solution
used for fertigation in the range of 0.011 - 1.60 had no significant effect on
the phosphorus content in leaves of tomato cv. Alboney F,. No relationships
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with borax as a source of boron have been confirmed. In the case of cv.
Emotion F, the highest phosphorus content was recorded in combination B-I
(0.81% P) compared to B-IV (0.68% P). Increasing the boron content in the
nutrient solution to 1.60 (B-IV) had a significant effect on the average phos-
phorus content compared to the control combination (B-I). The cultivar sig-
nificantly differentiated the content of phosphorus in tomato leaves in com-
binations B-III and B-IV. The highest mean content of phosphorus was
recorded in leaves of tomato cv. Alboney F, (0.85% B). The range of P con-
tents in tomato indicator parts was similar to that reported for boric acid.
All the recorded phosphorus contents were found within the range given by
Prank (1999) and were comparable to the results obtained by Jarosz (2006),
PawLiNska, Komosa (2006), Komosa et al. (2014). The range of P contents in
the indicator parts of tomato plants was similar to that obtained using tetra-
borate sodium. P and B are essential nutrients for higher plants. The inter-
action between these two nutrients is highly significant for many crop plants
(YamanoucHr 1980, GUNES, ALPASLAN 2000). According to Kava et al. (2009),
phosphorus could mitigate boron toxicity in tomato plants by regulating the
uptake of essential nutrients and activities of some vital antioxidant
enzymes. The boron concentration increased in plant tissues with an increa-
sing B concentration in the nutrient solution; however, the P content decrea-
sed in plants grown at high boron levels. The high boron concentrations
reduced dry weight, fruit yield and P concentration in tomato plants.

Potassium. Significantly the lowest potassium content in leaves of both
tomato cultivars was recorded in the control combination (3.91% and 3.82%).
Boron nutrition affected the mean potassium content. Plant cultivation with
natural boron contents in water (0.011) and its increase in the nutrient solu-
tion to 0.80 mg dm= (B-III) had a significant effect on the mean potassium
content in tomato leaves as compared to combination B-II. Significant differ-
ences were found in the mean potassium content in tomato leaves between
cv. Alboney F, and Emotion F, (0.85% and 074%). Despite the confirmed
effect of boron fertigation on the mean potassium content, all obtained
results were within the range recommended by other authors (KrElJ et al.
1990, Prank 1999). According to EkBIc et al. (2018), the K content in leaf was
reduced by increased boric acid doses.

Calcium. The effect of boron nutrition on calcium contents in indicator
parts of tomato plants was demonstrated. Significantly the highest calcium
content was recorded in the control combination (B-I). No significant diffe-
rences were found in the calcium content in leaves between combinations
B-II, B-III and B-IV. No differences were found between the cultivars in
terms of the mean calcium content in tomato leaves. Significantly the highest
mean content of calcium was obtained in cv. Alboney F, (3.65% Ca). Calcium
contents in the indicator plant parts recorded in our study were greater than
those given by other authors (PLank 1999, CampBEL 2000, Acric SERVICE 2001,
NurzyNsk1 2006, Jarosz, Dzipa 2011). Higher calcium contents in tomato indi-
cator parts were recorded by CHoHURA, Komosa (2003), Jarosz (2006),
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HacHhicHI et al. (2012). According to Kava and AsHRAF (2015), high boron con-
centrations decrease the leaf Ca, N and K content in tomato plants.

Magnesium. The highest magnesium content (0.73% Mg) was found
in the tomato leaves of cv. Emotion in the control combination (B-I). In cv.
Alboney F, the greatest magnesium content was recorded in indicator parts
of plants cultivated using 0.80 mg B dm™ (0.64% Mg). The lowest mean mag-
nesium content was found in combination B-IV (0.56% Mg) in comparison
with B-I, B-II and B-III. Increasing the content of boron in the nutrient solu-
tion had an impact on the nutritional status of plants in the case of magne-
sium. Other authors recommend lower magnesium content in tomato indica-
tor parts (KRew et al. 1990, Jarosz, Dzipa 2011). The magnesium contents
obtained in our study were consistent with the range given by PLANK (1999)
and Agric Service... (2001).

Iron. Significant variations were found in the iron content in tomato
leaves in combinations B-I and B-II. The lowest iron content was recorded in
the leaves of cv. Emotion F| at the application of 1.60 mg dm* (115.4 mg kg)
in the nutrient solution. The effect of boron-supplemented fertigation on the
average iron content was found. Increasing the content of boron in the nutri-
ent solution caused a significant reduction in the average iron content
in tomato leaves.

Manganese. Analyses showed the effect of the boric acid level on the con-
tent of manganese in tomato leaves. The highest manganese content was
recorded in the leaves of cv. Emotion F, variety in combination B-I (193.5 mg kg™).
The boron content in the nutrient solution was found to influence the mean
manganese content in plant parts. Differences between the tested cultivars
were found in the manganese contents in leaves. In the conducted experi-
ments, a cultivar-specific plant response to the increasing boron concentra-
tion in the nutrient solution was shown for the content of iron and manga-
nese in indicator parts. When analysing the mean Fe and Mn content
depending on boron concentrations, the same relationships were found for
borax and boric acid. The iron and manganese content detected in the indi-
cator parts of tomato plants in our study fell within a wide range of contents
provided by other authors (CampBEL 2000, UcHipA 2000, AGric SERVICE 2001).
The highest mean content of iron and manganese was obtained in cv. Emo-
tion F..

Zinc. Significantly the highest zinc content was reported in leaves of cv.
Alboney F, for the boron content in the nutrient solution ranging from 0.011
to 0.80 mg dm™. The highest mean zinc content was found in combination
B-II (49.25 mg kg!) in comparison with BI and B-IV. The cultivar differen-
tiated the zinc content in the indicator parts in the control combination and
at the boron level in the nutrient solution of 0.80 mg dm?3. The results
obtained in our study did not exceed the values reported by other authors.

Copper. The highest copper content was found in leaves of cv. Alboney
F, in combinations B-II and B-1V, whereas in cv. Emotion F, it was in B-II.
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In the case of cv. Emotion F, both a reduction and an increase in the boron
content in the nutrient solution had a significant effect on the copper content
in tomato leaves. The cultivar had a significant effect on the mean zinc con-
tent. The highest mean content of zinc and copper was obtained in cv. Al-
boney F..

According to KaBaTa-PENDIAS, PENDIAS (1999), an admissible boron content
for tomato plants is 100 mg kg! B in d.m. An optimal content of boron
in tomato leaves should be 54.0-75.6 mg kg! B d.m. (KrREs DE et al. 1990).
In our study (Experiment I), plants of cv. Alboney F, yielded the best (5.55
and 5.52 kg plant?) at the boron content in index parts of 33.24 - 78.58 mg kg,
while cv. Emotion F| yielded the best at 79.44 mg kg’ (5.57 kg plant?).
In Experiment II cv. Alboney F, yielded the best at the boron content in in-
dex parts of 32.80 - 80.62 mg kg, (5.73 and 5.87 kg plant!) while the best
yields were produced by cv. Emotion F, at 83.89 mg kg (5.85 kg plant™) —
Magrkiewicz et al. (2016).

Alboney F, Emotion F,

Fig 1. Symptoms of boron toxicity on tomato leaves. Alboney F, and Emotion F,
using 1.60 mg dm in the form of borax

Alboney F, Emotion F,

Fig 2. Symptoms of boron toxicity on tomato leaves: Alboney F, and Emotion F,
using 1.60 mg dm™ in the form of boric acid
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Based on the experiments carried out, the symptoms of boron toxicity
described by other authors have been demonstrated on tomato leaves
(BrRowN, SHELP 1997, NABLE et al. 1997) at the boron content in the nutrient
solution of 1.60 mg-dm™ (Figures 1, 2). Plants showed no signs of boron
toxicity when supplied boron at 0.80 mg B dm™® medium in the form of borax
and boric acid.

CONLUSIONS

1. The effect of a boron concentration and form on the nutrient content
in indicator parts of tomato was demonstrated.

2. The different levels of boron in the nutrient solution within the range
of 0.011 to 1.60 mg dm™ supplied in the form of borax and boric acid do not
change the chemical composition of leaves indicative of an inadequate
or toxic nutritional status of plants.

3. The use of different concentrations of boron in the boric acid medium
significantly increased the nitrogen content in tomato leaves at 0.80 mg B dm?
compared to the control combination. The concentration of boron in the form
of borax did not modify the nitrogen content.

4. Differentiated levels of boron in the nutrient solution had a significant
effect on the phosphorus content in tomato leaves. The use of two boron
forms showed a different response of tomato varieties to boron nutrition.

5. The use of increasing concentrations of boron in the boric acid medium
had no effect on the calcium content in the indicator parts, compared to borax,
which caused a significant reduction in Ca in the leaves along with the
increase in the boron content in the medium.

6. Supplied boric acid, the variety significantly differentiated the mean
content of phosphorus, calcium, magnesium, iron, zinc and copper. When
standard borax was used, the variety modified the mean content of calcium,
magnesium, iron, manganese and copper.

7. Supplied boric acid, the variety significantly differentiated the content
of phosphorus (B-III and B-1V), potassium (B-III), magnesium (BI to B-1V),
iron (BI and B-II), zinc (BI and B-III) ), copper (B-IV). When standard borax
was used, the variety modified the content of potassium (B-IV), calcium
(BI and B-1V), magnesium (BI and B-II), iron (B-III), manganese (BI to B-IV),
copper (B-1V).
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