
https://doi.org/10.15407/frg2020.03.187

UDC 581.1

PHYSIOLOGICAL PECULIARITIES OF SUNFLOWER BORON
NUTRITION 

V.V. MORGUN1, ². CAKMAK2, V.V. SCHWARTAU1, L.M. MYKHALSKA1

1Institute of Plant Physiology and Genetics, National Academy of Sciences of
Ukraine
31/17 Vasylkivska St., Kyiv, 03022, Ukraine
e-mail: victorschwartau@gmail.com
2Faculty of Engineering & Natural Sciences, Sabanci University
34956, Tuzla, Istanbul, Turkey

Although the importance of plant nutrition with boron was established almost a
hundred years ago, the physiological peculiarities of its activity continue to be
among the discussed. The boric fertilizers market in Ukraine is overloaded by
advertising propositions and there are practically limited results of correct boron
nutrition efficiency determination. Traditionally, since the early 1990s, the focus
on plant nutrition in Ukraine has been given to nitrogen. However, low levels of
nitrogen utilization by crops indicate that information on the physiological me-
chanisms of cultivated plants nutrition is not enough. And, practically, the issues of
cultivated plants nutrition by other important elements, first of all — boron, remain
out of focus. In Ukraine, areas under boron-dependent crops exceed 10 million
hectares: sunflower, winter and spring rapeseed, sugar beets, potatoes, etc. Boron
in nutrition systems is also required on soybean, cereals and maize. Cultivated
plant’s boron deficiency is observed in all soil and climatic zones of Ukraine. The
aim of this research was to explore promising for Ukraine form of boron mineral
fertilizers for sunflower nutrition, a culture that occupies the largest area in the
country among all and boron-sensitive crops. Studies have shown that use of boron
fertilizers in crop production of Ukraine is important for improving the producti-
vity of boron-sensitive crops, mainly sunflower, and the basic introduction of slow-
ly soluble boric fertilizer (Colemanite, Ulexite, etc) into the soil will significantly
reduce seedling damage from phytotoxic effects of boron and increase productivi-
ty of boron-sensitive cultivated plants.
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The biological significance of boron in plant nutrition was first established
in 1923 [1]. Boron (B) belongs to group 13 period 2 of the periodic table
of elements and has intermediate properties between metals and non-me-
tals [2]. Despite its low levels of presence in nature, the element is wide-
spread both in the lithosphere and in the hydrosphere [3]. Although
numerous studies have revealed the need for an element, its presence in
soils and plants was identified, long-term experiments with boron fertili-
zers were conducted, to date physiological mechanisms of boron nutrition
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are among the few issues studied. It should also be noted that the market
for boric fertilizers in Ukraine is dominated by advertising propositions,
and there are practically limited results of randomized experiments on the
correct determination of the boron nutrition efficiency.

Traditionally, since the early 1990s, the focus on plant nutrition has
been given to nitrogen. However, low levels of nitrogen utilization by crops
indicate that information on the physiological mechanisms of cultivated
plants nutrition is not enough. And, practically, the issues of nutrition of
cultivated plants with other important elements, first of all — boron,
remain out of focus. In Ukraine, areas under boron-dependent crops
exceed 10 million hectares: sunflower, winter and spring rapeseed, sugar
beets, potatoes, etc. Boron in nutrition systems is also required on soybean,
cereals and maize. Boron deficiency in cultivated plants is observed in all
soil and climatic zones of Ukraine. Visual symptoms of boron deficiency
are observed on dicotyledonous species, maize (Zea mays), and wheat
(Triticum aestivum) at element concentrations in tissues less than 20—30,
10—20, and 10 mg/kg of dry matter, respectively [4].

Boron deficiency in cultivated plants has been found to be significantly
more widespread than other trace elements [4]. However, for the conditions
of Ukraine, we believe that the importance of boron deficiency in crops is not
inferior to the large-scale manifestations of copper and zinc deficiency.

Boron content in the soils of Ukraine. Boron can be present in the soil
in several forms. In most soils of Ukraine, with a pH value of 5.5 to 7.5,
the predominant form of boron is boric acid and borate ion. Boron is able
to absorb on particles of clay minerals, and on organic constituents of soils.
The element has a high affinity for binding to iron or aluminum oxides.
Boron absorption on clay minerals is reversible. The relationship between
boron concentration in soil solutions and levels of element absorbed by soil
particles is influenced by the pH and temperature, the soil salt index, as
well as by their physical and chemical properties.

For most soils B is a deficient element, and for some plant species
there is a manifestation of its global deficiency. For a number of boron-
dependent crops, including sugar and fodder beets, celery, sunflower,
legumes, apple trees, boron deficiency is observed annually on large areas.
From the list of specific symptoms of deficiency, there are inhibition and
abnormal development of growth points, bluish-green color of young
leaves, and decrease in fertility levels.

The content of boron mobile form in the soils of Ukraine ranges from
the minimum (trace) amount in the sod-podzolic sandy soils of the
Polissya to 3.37 mg/kg of soil — in the saline black earths. Thus, Polissya
soils should be attributed to soils with pronounced boron deficiency, sod-
podzolic surface-polluted soils of the Carpathians are assigned to the group
with an average boron content — 0.3—0.5 mg/kg of soil. Forest-Steppe
soils with a boron content of 0.18—2.30 mg/kg of soil are classified as rich
in this element. The obtained data indicate the lack of zinc mobile form in
most of the surveyed soils, boron — in sandy and sandy soils of Polissya.
The content of other trace elements in the soil corresponds to medium and
high levels. Up to 25 % of arable land has a low boron content, which
causes a deficit of the element in nutrition systems [5].
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Boron promotes the consumption of calcium by plants from the soil.
Boron deficiency in soil impairs calcium absorption by plants, even at its
high soil concentrations. With a high supply of crops with potassium, the
need for boron  increases. The mobility of boron in soil is adversely affec-
ted by liming. Limestone fertilizers containing CaCO3 reduce the content
of water-soluble boron in the soil, whereas the pulverized shale ash, con-
sisting mainly of CaO, increases its availability due to the destruction of
mineral and organic boron compounds. However, in the latter case, lea-
ching of soluble boron compounds from the soil is observed. Consequently,
limestone boron is available in acidified soils. Boron deficiency is most
commonly observed on carbonate soils and wetlands, and is worsened in
dry years, in particular in 2019, as well as in years with high rainfall du-
ring the growing season, and with excessive nitrogen fertilizer application.

Physiological and biochemical role of boron in plant nutrition. It should
be noted that there is a significant contradiction in the data on determi-
ning the need for boron, which is based on the removal of the element with
the yield of the main boron-dependent crops. Crops take up boron
throughout the growing season. The average yields of boron with a crop of
sugar beet roots of 8—10 t/ha are 80—90 g/ha, and with a rape seeds crop
of 1 t/ha — 120—200 g/ha, with sunflower seeds crop 1.0—1.5 t/ha —
120–200 g/ha. However, this data cannot be the basis for the development
of boron nutrition systems. To obtain even average crop levels, cultivated
plants require significantly higher amounts of boron fertilizers. According
to [6—8], up to 3—4 kg/ha of element should be applied to provide sun-
flower crops with a yield above 3 t/ha.

The regulation of boron uptake and translocation in plants is provided
by two transmembrane transporter families: the Nodulin26-like Intrinsic
Protein (NIP) and BOR transporter family [9]. In the presence of boron,
the synthesis and transport of carbohydrates, growth substances (hormones)
and ascorbic acid from the leaves to the reproductive organs and to the
roots are carried out. Boron is needed for plants to grow and develop
meristematic tissues. Deficiency of boron in plants leads to the destruction
of young tissues, the suspension of root system and stems growth, death of
plant growth points. Boron promotes growth of pollen tubes in flowers and
their pollination. Boron deficiency causes a number of plant lesions — api-
cal chlorosis of plant growth point, dry rot and root rot of root crops, api-
cal root ulcer of sugar beet root. With boron-dependent deficiency in
boron-dependent crops, particularly rapeseed, the root system deforms,
necrotic spots appear, growth points development inhibit, stems crack,
flowering suspend, and rape wintering worsening.

Poor boron provision of plants causes impaired anatomical structure,
poor xylem development, the main parenchyma phloem fragmentation,
and cambium degeneration. The root system develops poorly and is affect-
ed by rot, bacteriosis and other root diseases.

Boron differs from other trace elements in its physiological significance.
Recent works have identified the following processes in plants that occur in
the presence of boron: cell wall structures formation; membrane structures
functions; metabolic activity, including signaling functions by interaction with
calcium; carbohydrates metabolism and sugars transport across membranes;
synthesis of nucleic acids (DNA and RNA) and phytohormones.
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The latter may indicate the involvement of boron in numerous meta-
bolic processes in plants. Therefore, element deficiency causes a pleiotro-
pic effect. It has been suggested that since boron can form strong bonds
between cis-hydroxyl derivatives, the basic significance of boron in plant
life is the stabilization of molecules with cis-diol groups, which converts
them into active forms regardless of their specific function [10—12].

Isolation and characterization of rhamnogalacturonan-II-boron com-
plexes (RG-II-B) demonstrated cross-links between apiose residues in
pectin, confirming the role of boron in cell wall formation [13]. There is
still no direct evidence for the involvement of boron in the formation of
biological membranes, but the binding of boron to hydroxyl-containing
components of phosphoinositides, glycoproteins and glycolipids may be
related to the regulation of membrane-level transport processes in boron-
deficient plants.

Recent decade studies have shown that the mobility of boron in plants
cannot be the basis for providing of plant different parts and organs by
foliar applications during vegetation. Boron can form strong complexes
with different molecules carrying cis-diol groups in appropriate spatial con-
figurations. B-complexes with apiose, ribose, NAD, S-adenosylmethionine
(SAM), phenols, mannitol, sorbitol, sucrose, amino acids and larger mol-
ecules such as glycopeptides and glycoproteins have been detected [14, 15].
Boron is transported in the form of a complex with polyols in species in
which polyols are the main photoassimilates.

Many cultivated plants, as well as tree crops, produce polyols in pho-
tosynthetic processes. However, information on the amounts of polyol syn-
thesis in cultivated plants is still insufficient to determine the levels of
borates transport in plants.

Boron is not evenly distributed throughout the plant. Boron accumu-
lates more in leaves, buds, flowers, its main location — pollen, ligament,
stamens. Less boron contain in roots and very few — in stems. The boron
is not reutilized between old and young leaves of the plant. This provision
is important due to the fact that boron is introduced in foliar fertilizing in
the vast majority of Ukrainian farms. 

Interaction of boron with other elements. The effects of boron on the
absorption of other nutrients by plants are associated with changes in mem-
brane permeability and the state of intracellular colloids. The interaction of
boron with other trace elements is somewhat controversial. For example,
the predicted boron antagonism with Cu, Cr, Mo, and Mn may be related
to the indirect effect that occurs when growth is increased and therefore to
the increased need for these trace elements. The antagonism of Fe and B
is the result of an increase in the accumulation of B in the roots when the
Fe flux from the soil is increased. The antagonism of B and Si is a conse-
quence of the competition of silicate ions with B at adsorption, and this
reaction is observed both in the soil medium and in root tissues.

The relationship between B and Ca is especially common. Plants
develop normally under the condition that there is a certain balance in
both Ca and B influx, and in their concentrations in tissue. Acidic soils
often have a deficiency of boron caused by liming. However, with equal
amounts of Ca, the concentration of B in the tissues is much higher when
CaSO4 rather than CaCO3 was introduced into the soil, so the toxic effect
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of this element can be attenuated or prevented by the Ca introduction in
the soil. This phenomenon is explained by both reactions in the soil envi-
ronment and metabolic processes. It should be noted that the interaction
of calcium and boron is observed in plants, bacteria, animals and humans.
However, the mechanisms for the interaction of calcium and boron are still
under discussion.

Boron reduces the mobility and transformation of phosphorus in the
roots. Interaction of B and P2O5 in soils prevents the influence of phos-
phate ions on the migration of B. Other nutrients, particularly K and Na,
influence the B contents in plants through secondary factors associated
with increased plant growth or some physiological disorders.

Thus, for the normal development of plants strict control is required
over the level of boric uninterrupted nutrition supply, which depends on
soil solution pH, temperature and water regimes. Given the fact that under
the influence of boron plants bloom and produce seeds earlier, the disease
incidence reduces, and seed production increases, there is a need of boron
fertilizers adding. 

Thus, in numerous scientific literature of the last decade, research of
B nutrition mechanisms is considered as one of the main areas in physio-
logy of plant nutrition and productivity of cultivated plants. The effective-
ness of certain forms of fertilizers is discussed, and a comparison of the soil
and foliar boron fertilizers effectiveness continues to be practically neg-
lected.

The aim of our work was to explore promising for Ukraine form of
boron mineral fertilizers for sunflower nutrition, a culture that occupies the
largest area in the country among all and boron-sensitive crops.

Materials and methods

Field studies were performed on the sunflower hybrid Tutti (Syngenta) in
the Experimental Agricultural Farm (EAF) of the Institute of Plant
Physiology and Genetics (IPPG) of the NAS of Ukraine (Glevakha village,
Vasylkiv district, Kyiv region), as well as on fields of holding company
PodillyaLatInvest (Vinnytsia region). The plot area at field experiment was
16 m2. Controls were without treatment, the repeatability of 4—6 times.

Fields soil type of EAF — sods of slightly and medium podzolic
unglazed and silt sandy loam, pH salt (KCl) 5.8. Organic matter content
in the soil arable layer 1.8 %, phosphorus 25 mg/kg, potassium 30 mg/kg.
Fertilizers were applied before the growth season (N32P32K32).

Fields soil type of PodillyaLatInvest — grey podzolized coarse-dusty,
medium loam. pH (KCl) 5.2, organic matter 2.91, N — 102 mg/kg, P —
174 mg/kg, K — 147 mg/kg; B — 0.33, Mn — 8.65, Cu — 0.82, Zn —
0.71 mg/kg.

The scheme of the 2018 growing season experiment included the con-
trol and treatment with boric acid in soil application at 17.5 kg/ha, and foliar
1.0 kg/ha, twice during the growing season (BBCH 31-33 and BBCH 51-55).

The scheme of the 2019 growing season experiment included the con-
trol and treatment with boron fertilizers of various types, which made
equivalent to 3 kg of boron per 1 ha, namely: 1) control; 2) Etidot-67 (B —
21.0 %); 3) Borax pentahydrate powder (B — 15.1 %); 4) Colemanite
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granular (B — 10.0%); 5) Ulexite granular (B — 9.7 %); 6) Borax Pen-
tahydrate granular (B — 14.2%); 7) boric acid (B — 17.5%); 8) Etidot-67
(B — 21.0%), twice foliar application during vegetation (BBCH 31-33 and
BBCH 51-55).

Fine fertilizers (boric acid and Etidot-67) were introduced by a
sprayer at the rate of 200 l/ha of water. Other fertilizers were scattered, all
before sunflower seeds were sown.

In the experiment under laboratory conditions, the seedlings of sun-
flower plants were obtained in 0.5 kg vegetation pots on a mixture of
soil:sand — 1:1. Repeatability — 4—6 times.

The results were processed statistically in Excel 2019 and Agrostat.

Results and discussion

The list of the main boron fertilizers on the Ukrainian market is given in
Table 1. Solubor DF proposals dominated a few years ago, but are now
substantially reduced. It should be noted that numerous organic boric fer-
tilizers are used in crop production on substantially smaller areas, princi-
pally for economic reasons.

Economic factors concerning the reduction of fertilizers rates, and
attempts to improve the efficiency of their use lead to the dominance of
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TABLE 1. Main boron fertilizers in Ukraine  

Fertilizer Formula  Boron content, %  

Boric acid H3BO3 17.1–17.5 

Borax (disodium tetraborate)  Na2B4O7·10H2O 11.0 

Solubor DF Na2B8O13·4H2O 17.5 

 

TABLE 2. Boric fertilizers phytotoxicity to sunflower seedlings when applied in the soil  

Variant B content, % Dose, mg/pot Phytotoxicity at 14th day 
after sowing, % 

Control – – 0 

Etidot-67  21.0 
142.9 80 

4.8 20 

Borax Pentahydrate powder  15.1 
220.5 100 

7.4 10 

Granular Colemanite  10.0 
300.0 5 

10.0 0 

Granular Ulexite  9.7 
309.3 30 

10.3 0 

Granular Borax Pentahydrate  14.2 
211.3 100 

7.1 15 

Boric Acid  17.5 
171.4 100 

5.7 10 

LSD0.05 7 



boron foliar treatments in plant nutrition. This way of boron nutrition dif-
fers from the nutrition practice in Ukraine 30–40 years ago, when the main
boron fertilizer to sugar beet was boron enriched superphosphate.

Among the important factors that limit the introduction of borates
before sowing are the high levels of rainfall washing anions, and their high
toxicity levels to plants. It should be noted that boron is a unique element
in nutrition of plants with very narrow intervals between the manifestations
of deficiency and phytotoxicity. However, as discussed above, the presence
of calcium ions is an important component of boron toxicity control.

Thus, we have found that under the introduction of boron fertilizer
phytotoxic effect was not observed at Colemanite and Ulexite application,
even when high doses are implemented (Table 2). It should be noted that
these fertilizers are slow-soluble and contain in their composition high le-
vels of calcium.

In laboratory experiment with seedlings the phytotoxicity of Etidote-67
and boric acid was pronounced. A study of the effectiveness of sunflower
soil nutrition by boric acid in field experiments at 2018 did not show any
phytotoxicity effects at 17.5 kg/ha (Table 3). Even at potentially high le-
vels of borate leaching, when boric acid was applied to the soil early in
spring, the yield level of the variant with the soil application of borate sig-
nificantly prevailed over one under borate foliar application. It should be
noted that in the experiments boron was applied in foliar nutrition twice at
1.0 kg/ha, which is the maximum dose of boron fertilizers used in holdings
for large areas of boron-dependent crops.
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TABLE 3. Boric acid effect on sunflower (Kyiv region, 2018)  

Variant Phytotoxicity at 14th day 
after sowing, %  Yield, t/ha 

Control 0 4.12 

Boric acid, in soil before sowing, 17.5 kg/ha  5 4.31 

Boric acid, 2 foliar, 1.0 kg/ha  – 4.14 

LSD0,05 10 0.11 

TABLE 4. Boron fertilizers effect on sunflower when applied in the soil (2019)  

Boron fertilizer 
Yield, t/ha 

Kyiv region  Vinnytsia region 

Control 2.56±0.15 3.94±0.01 

Etidot-67, soil 2.91±0.04 4.08±0.05 

Borax powder 2.94±0.02 4.06±0.05 

Colemanite 3.16±0.15 4.40±0.13 

Ulexite 3.27±0.16 4.68±0.36 

Borax granular 3.05±0.06 4.05±0.02 

Boric acid 2.91±0.09 4.10±0.04 

Etidot-67, 2 foliar 3.10±0.04 3.98±0.04 

LSD0.05 0.31 0.41 



In 2019 season the effectiveness of the most perspective for Ukrainian
market boric mineral fertilizers for soil application was studied. Regarding
the soil application of boron fertilizers under the conditions of experiments
in Kyiv and Vinnytsia regions, the highest levels of sunflower productivity
were achieved with Colemanite and Ulexite application (Table 4). It should
be noted that the efficiency of these fertilizers exceeded the effect of boric
acid and Etidot-67; the latter is the fertilizer for conditions of the soil and
foliar application.

Thus, the use of boron fertilizers for plant growing in Ukraine is
important to improvement the productivity of boron-sensitive crops, fore-
most sunflower. The introduction of slowly soluble boric fertilizers
(Colemanite, Ulexite, etc) for the soil application will significantly reduce
damage to the seedlings from phytotoxic effects of boron, and rise its effi-
ciency for cultivated plants productivity increasing.
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Õî÷à âàæëèâ³ñòü áîðó ó æèâëåíí³ ðîñëèí âñòàíîâëåíî ìàéæå ñòîð³÷÷ÿ òîìó, ô³ç³î-
ëîã³÷í³ îñîáëèâîñò³ ïðîÿâó àêòèâíîñò³ åëåìåíòà âñå ùå íàëåæàòü äî ïðîáëåì, ùî
îáãîâîðþþòüñÿ. Ðèíîê áîðíèõ äîáðèâ â Óêðà¿í³ ïåðåâàíòàæåíèé ðåêëàìíèìè ïðîïî-
çèö³ÿìè, ïðè öüîìó ïðàêòè÷íî â³äñóòí³ ðåçóëüòàòè äîñë³ä³â ç âèçíà÷åííÿ åôåêòèâ-
íîñò³ áîðíèõ äîáðèâ íà ïîñ³âàõ êóëüòóðíèõ ðîñëèí. Òðàäèö³éíî, ç ïî÷àòêó 1990-õ
ðîê³â, îñíîâíà óâàãà â æèâëåíí³ ðîñëèí â Óêðà¿í³ ïðèä³ëÿºòüñÿ àçîòó. Îäíàê íèçüêèé
ð³âåíü âèêîðèñòàííÿ àçîòó ñ³ëüñüêîãîñïîäàðñüêèìè êóëüòóðàìè âêàçóº íà òå, ùî ³í-
ôîðìàö³¿ ïðî ô³ç³îëîã³÷í³ ìåõàí³çìè æèâëåííÿ êóëüòóðíèõ ðîñëèí íåäîñòàòíüî é ³íø³
åëåìåíòè ìîæóòü âïëèâàòè íà åôåêòèâí³ñòü ñèñòåì æèâëåííÿ òà ðåíòàáåëüí³ñòü âèðî-
ùóâàííÿ êóëüòóðíèõ ðîñëèí. Ïèòàííÿ æèâëåííÿ êóëüòóðíèõ ðîñëèí ³íøèìè âàæëè-
âèìè åëåìåíòàìè, íàñàìïåðåä áîðîì, çàëèøàþòüñÿ ïîçà óâàãîþ. Â Óêðà¿í³ ïëîù³ ï³ä
áîðçàëåæíèìè êóëüòóðàìè ïåðåâèùóþòü 10 ìëí ãà: ñîíÿøíèê, îçèìèé ³ ÿðèé ð³ïàê,
öóêðîâ³ áóðÿêè, êàðòîïëÿ òîùî. Áîð â ñèñòåìàõ æèâëåííÿ òàêîæ íåîáõ³äíèé äëÿ ñî¿,
çåðíîâèõ êîëîñîâèõ ³ êóêóðóäçè. Äåô³öèò áîðó ó êóëüòóðíèõ ðîñëèí ñïîñòåð³ãàºòüñÿ â
óñ³õ ´ðóíòîâî-êë³ìàòè÷íèõ çîíàõ Óêðà¿íè. Ìåòîþ öüîãî äîñë³äæåííÿ áóëî ç’ÿñóâàòè
åôåêòèâí³ñòü ïåðñïåêòèâíèõ äëÿ Óêðà¿íè ôîðì áîðíèõ ì³íåðàëüíèõ äîáðèâ äëÿ æèâ-
ëåííÿ ñîíÿøíèêà, êóëüòóðè, ÿêà çàéìàº íàéá³ëüø³ ïîñ³âí³ ïëîù³ â êðà¿í³ ÿê ñåðåä
óñ³õ êóëüòóð, òàê ³ ñåðåä áîðçàëåæíèõ. Äîñë³äæåííÿ ïîêàçàëè, ùî âèêîðèñòàííÿ áîð-
íèõ äîáðèâ ó ðîñëèííèöòâ³ Óêðà¿íè º âàæëèâèì äëÿ ï³äâèùåííÿ ïðîäóêòèâíîñò³ ñî-
íÿøíèêà. Âïðîâàäæåííÿ ó ñèñòåìè æèâëåííÿ ïîâ³ëüíîðîç÷èííèõ áîðíèõ äîáðèâ
(êîëåìàí³ò, óëåêñèò òîùî) â îñíîâíå âíåñåííÿ ³ñòîòíî çíèæóº ô³òîòîêñè÷í³ñòü áîðó
äëÿ ñõîä³â ³ ï³äâèùóº ïðîäóêòèâí³ñòü ñîíÿøíèêà, à òàêîæ ïåðñïåêòèâíå äëÿ ³íøèõ
áîðçàëåæíèõ êóëüòóðíèõ ðîñëèí.

Êëþ÷îâ³ ñëîâà: áîð, ñîíÿøíèê, âðîæàé, ô³òîòîêñè÷í³ñòü.
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