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ABSTRACT
  
Boron (B) is an essential plant nutrient, but can be toxic when present in excess. 
Boron is usually present as an uncharged molecule (H3BO3

0) in the soil solution 
and is highly mobile in most soils. Deficiency of B is therefore quite common 
in high-rainfall environments, especially on sandy soils. Boron fertilizers are 
commonly used to correct its deficiency in crops. The most commonly used 
fertilizers are soluble sodium borates (e.g., borax), but care should be taken with 
rates and placement of such B products, since elevated B concentrations may 
result in seedling toxicity and yield reduction. Moreover, significant leaching losses 
of applied B may occur in high-rainfall environments. Slow-release B sources 
reduce both the risk of seedling toxicity and of leaching, and can provide adequate 
supply of B over a longer period. This may allow for lower B rates or less frequent 
application compared to soluble fertilizers. The most commonly used slow-release 
B sources are sparingly soluble ores, such as colemanite. The limited data in 
the literature indicate that the release rate of B from slow-release sources in soil 
depends both on fertilizer characteristics and soil properties. However, more 
research is needed to predict the release rate of B from various B ores for given 
soil and climatic conditions. In recent years, slow-release coatings and matrices 
for N fertilizers have received considerable attention and these new technologies 
may potentially also be adopted for B-containing fertilizers.
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1. Introduction

Boron (B) is an essential micronutrient, required for 
normal growth and development of plants [1]. Under 
normal soil conditions, B in soil solution is present as 
boric acid (H3BO3), a non-ionized molecule. The reten-
tion of H3BO3 in soils is weak, making it vulnerable to 
leaching. Hence, B deficiency is most commonly ob-
served in coarse-textured soils in high rainfall regions 
[2]. Boron toxicity occurs most commonly in arid or 
semi-arid regions because of high natural B levels or 
because of the addition of B with irrigation water [3].

Boron fertilizers are used to correct B deficiency, but B 
fertilization can be challenging because of the narrow 
window between deficiency and toxicity and the limited 
mobility of B within most plants. High B concentrations 
at seedling stage may result in seedling toxicity, while 
leaching losses may result in insufficient B later in the 
season. Boron is notoriously known as the element for 
which toxicity and deficiency may occur concurrently 
in the same plant [4]. This review discusses B fertiliza-
tion, with particular focus on the use of slow-release 

fertilizers to overcome the aforementioned challenges.

2. Boron chemistry and mobility in soil

Boron is a member of the metalloid group and has in-
termediate properties between metals and non-metals. 
Essentially all B is in a trivalent (+3) oxidation state, 
but unlike its neighbour Al, B does not exist as trivalent 
cation but generally forms covalent bonds [5]. Boron 
in soil solution is present mainly as boric acid (H3BO3) 
or at high pH also as borate (B(OH)4

-), since the pKa is 
9.24. Boron adsorption by soil components is gener-
ally weak, and may occur on phyllosilicate clays [6], 
oxides and hydroxides [7], carbonate minerals [8] and 
organic matter [9].

Boron adsorption is dependent on soil properties. The 
adsorption increases with increasing pH, reaching a 
maximum around pH 9 [10]. Keren et al. [11] devel-
oped a phenomenological adsorption equation that 
takes into account the effect of pH on B adsorption, 
which was also applied to describe B adsorption by 
whole soils [12]. The equation can be written in the 
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form of the Langmuir equation:

Kc
Kcss



1max        (1) 

 
with s the adsorbed B concentration (mol kg-1), c the B 
concentration in solution (mol L-1) and K a pH-depen-
dent adsorption coefficient (L mol-1):     

The constants KBH, KB and KOH represent empirically 
defined affinity coefficients for binding of H3BO3 or 
B(OH)4

- and OH- to B-specific adsorption sites and 
Ka is the hydrolysis constant of H3BO3 (value of 5.9× 
10-10 at 25 °C). The adsorption maximum, smax, is soil 
dependent and has been found in several studies to 
correlate most closely with clay content and/or CEC. 
Following relationship was derived from literature data 
[12-14]:

smax (mol kg-1) = clay (%) × 0.14 + 0.34    (3)

Based on this relationship and typical affinity coeffi-
cients reported in the literature [12], estimated Lang-
muir parameters for soils with different pH and clay 
content were derived (Table 1; parameters converted 
from mol- to mg-basis for easier comparison with most 
published values). The corresponding sorption iso-
therms are illustrated in Figure 1. A decrease in soil 
pH below 7 is expected to have little effect on B sorp-
tion, whereas an increase in soil pH from pH 7 to 9 
strongly increases sorption. These values are only es-
timates, as other soil properties (e.g., organic matter, 
type of clay minerals, etc.) may also affect B sorption, 
but these sorption isotherms are useful to discuss the 
effect of soil properties on mobility of B. The Langmuir 
isotherm can be simplified to a linear relationship in 
the low concentration range (c <K-1). 

cKcKss .dmax       (4) 

Other sorption models have also been applied to mod-

el the adsorption behavior of B in soils. The empiri-
cal Freundlich model generally describes the sorption 
isotherms well, but only applies for the soil and the 
conditions evaluated. Surface complexation models 
describe adsorption using an equilibrium approach, 
accounting for surface and aqueous speciation chang-
es as a function of pH and solution composition. The 
most commonly used surface complexation model to 
describe B sorption in soils is the constant capacitance 
model, which has been found to successfully describe 
B sorption over a range of soils [15].

Overall, the literature results indicate that B adsorption 
is weak in most soils. The strongest sorption is seen in 
soils with high clay content and high pH (8 or higher), 
but in soils with pH 7 or less, the retention is weak even 
in soils with heavy texture. Given the weak adsorption 
and hence high mobility of added B in most soils, one 
would expect soils in high rainfall environments to be 
mostly depleted in B. However, most soils have a to-
tal B concentration between 10 and 100 mg kg-1, but 
only a small part is in readily available form. Most of 
this B is in a sparingly soluble form, as several miner-
als in soils contain B as a structural component. The 
B content of phyllosilicates in particular is higher than 
that of most other minerals [16], explaining why often 
a positive correlation is seen between clay content 
and B concentration of soils. For instance, in a dataset 
with 17 European soils [17], there was strong corre-
lation (r=0.89) between clay content and total soil B 
concentration. In general, soils rich in clay have higher 
B concentration than sandy soils [18]. Boron occluded 
in minerals may already have been present in the par-
ent material, but may also originate from added B that 
has become irreversibly sorbed. Several studies have 
shown strong hysteresis in B sorption [19], which may 
be related to incorporation of B into tetrahedral sites of 
clay minerals [20].

As B retention is weak in most soils, B added in soluble 
form (boric acid or borate) can easily leach. Indeed, 
it has been long known that added fertilizer borate 
is vulnerable to leaching. For example, Kubota et al. 
[21] investigated leaching of borax in 10 field sites and 
observed that most B moved to a depth of 60 cm or 

)10.1)(101(
.10

)14pH(
OHa

pH
Ba

pH
BH





KK

KKKK     (2) 

pH clay (%) smax (mg kg-1) K (l mg-1) Kd (L kg-1)  
7 5 11 0.021 0.2 
8 5 11 0.039 0.4 
9 5 11 0.092 1.0 
7 20 34 0.021 0.7 
8 20 34 0.039 1.3 
9 20 34 0.092 3.1 
7 50 79 0.021 1.7 
8 50 79 0.039 3.1 
9 50 79 0.092 7.3 

 

Table 1. Estimated Langmuir parameters (smax and K) for B sorption in soil depending on soil pH and clay content.
              The Kd is the corresponding solid:liquid distribution coefficient at low B concentrations (c<K-1).

(1)

(4)
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deeper within 6 months in light-textured soils. Similar-
ly, Winsor [22] reported that over 85% of added borax 
was leached below 1 m depth after 40 cm rainfall over 
a 4-months period. Laboratory studies have confirmed 
the rapid movement of applied B in most soils [21, 23]. 
For instance, in a loamy sand soil at pH 6.9, break-
through of B was observed after about 3 pore volumes 
[23]. Given that Kd values for B sorption are <1 L kg-1 
in most soils except those with high pH and heavy 
texture (Table 1), a retardation coefficient (R) of <5 is 
expected for most soils, i.e., B is expected to move <5 
times slower compared to the water movement, which 
is much quicker than most other trace elements, which 
generally have Kd values >10 L kg-1 (i.e. R>50). The 
high mobility of B is also illustrated in Figure 1, which 
shows the movement of B added onto the soil surface 
at a rate of 1.0 kg B ha-1 after 60 cm of rainfall using the 
Langmuir sorption parameters estimated for the vari-
ous soil scenarios (Table 1).  

3. Boron in plants: Deficiency and toxicity

Plants take up B from the soil solution. It was long 
believed that the uptake occurred only via a passive 
diffusion process through the lipid bilayer [24]. How-
ever, research in recent decades has demonstrated 
the presence of channel-mediated facilitated diffu-
sion and energy-dependent active transport, involving 
membrane transporters whose activity is regulated in 
response to B conditions [25]. 

The fact that B is essential for plants has been recog-
nized since the 1920s [26], but it is only in recent de-
cades that the molecular basis of this requirement has 
been unravelled. An important function of B in plants 
is the dimerization through borate cross-linking of a 
pectic polysaccharide (rhamnogalacturonan II, RG II) 
that is essential for cell wall integrity [25]. Apart from 
cross-linking of pectins, B has also been suggested 
to be essential for membrane function and metabolic 
activities [27].

In most plant species, B has restricted mobility, which 
means it cannot be easily remobilized from older to 
new plant parts. However, in plant species that pro-
duce significant amounts of polyols (sorbitol, mannitol) 
in source leaves, such as the woody Rosacea (apple, 
pear, Prunus spp.), B has been found to be phloem-
mobile, which is attributed to the formation of B-poly-
olcomplexes [28]. Boron deficiency in crops occurs if 
the B supply is insufficient to maintain B concentration 
in the plant at the level required for optimal growth. 
Because B is essential for cell wall development of the 
generative organs and is not phloem-mobile in most 
species, adequate supply is critical during the repro-
ductive phase [29]. Due to the limited mobility, defi-
ciency symptoms typically occur in meristematic tis-
sue (i.e., buds and young leaves) [28] (Figure 2). Plant 
species sensitive to B deficiency are mostly plants with 
relatively high B requirement and include Cruciferae 

Figure 1. Estimated sorption isotherms (top) and corresponding leaching profiles for 1 kg ha-1 soluble B applied at the surface after 60 cm of 
rainfall (bottom) for a soil with clay content of 5% (A), 20% (B), or 50% (C) and pH values as indicated in the graphs. The leaching profiles 
were modelled with Hydrus-1D [69], assuming a bulk density of 1.5 kg L-1, volumetric water content of 0.25, water flux (Darcy) of 0.3 cm d-1 
and dispersion length of 2 cm.
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(e.g., cabbage, cauliflower), some of the Chenopo-
diacea (e.g., sugar beet) and several fruit trees (e.g., 
apple, pear) [2].

While inadequate supply of B impairs plant growth, 
excess B can also have negative impact. Visual symp-
toms of B toxicity depend on the mobility within the 
plant. In most species, B is phloem-immobile, and B 
toxicity is usually manifested as marginal leaf burn in 
older leaves (Figure 2). In contrast, species in which B 
is phloem-mobile usually exhibit B toxicity as die-back 
in young shoots, profuse gumming in the leaf axil and 
brown lesions along stems and petioles [28]. Boron 
toxicity is relatively rare compared to boron deficiency 
and occurs mostly in (semi-)arid regions. Managing B 
toxicity can be achieved through amelioration of the 
soil or by using crops with high tolerance to B toxicity 
[30].

Boron nutrition can be challenging, because compared 
to most other nutrients, the range of optimal supply is 
relatively narrow, as is illustrated in Figure 3. The B 
uptake by plants is proportional to the concentration 
of available B in the medium. Growth reduction due to 
deficiency or toxicity can be related to internal tissue 
concentrations. If the supply is in the deficient range, B 
concentration in the tissue will fall to a minimum level 
required for optimal growth and plant growth will be 
reduced. Conversely, if the supply is in the toxic range, 
internal concentrations will reach a toxic level above 
which yield is also depressed. The threshold tissue 
concentrations for toxicity and deficiency depend on 
plant species and on the plant part, since B concen-
trations are usually not homogeneous within the plant 
but often higher in older than in new tissue. For the 
diagnosis of B deficiency, growing tissues need to be 
sampled if B is phloem-immobile, since the B concen-
tration in matured leaves may not reflect the B sta-
tus in the newly developing plant parts [28]. Critical 
B concentrations in the new leaves range from 2 to 

20 mg kg-1 for most plant species, and tend to be lower 
for monocots than for dicots [31], likely because of the 
lower pectin content of monocots [29]. Internal thresh-

(A)

(B)

Figure 2.(A) Toxicity symptoms observed in a first crop of canola grown on soil treated with MAP cogranulated with borax (1% B); and (B) 
deficiency symptoms observed in a second crop of canola grown on the same soil that was submitted to leaching. Pictures from ref. [67].

Figure 3. Hypothetical schematic illustration of the relationship bet-
ween B supply (soil solution B concentration), B in plant tissue and 
relative yield. In this example, the deficient level (indicated by the 
blue lines) in the plant tissue is 10 mg kg-1 and the toxic level (in-
dicated by the green lines) is 58 mg kg-1, which corresponds to an 
adequate range of soil solution B concentration ranging from 1 to 
5.5 mg L-1.
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monly used in guidelines regarding B status of the soil. 
HWB concentrations between 0.5 and 3 mg kg-1 are 
generally considered to be adequate, but this range 
also depends on crop species [37, 40]. For crops with 
low requirement, even 0.1 mg kg-1 may be sufficient 
[37]. 

5. Sources of boron 

Boron is naturally present in soil, but concentrations 
vary widely, ranging from 1 to >200 mg B kg-1, depend-
ing on the parent material and degree of weathering 
[41]. Boron is present in various minerals, e.g., in bo-
rosilicates and borates. Boron in minerals is often not 
readily soluble; usually, less than 5% of soil B is avail-
able for plant uptake [41]. Boron deficiency is most 
likely to occur in sandy soils in high-rainfall environ-
ments. Boron toxicity on the other hand is most likely 
to occur in (semi-) arid regions, where there is no or 
little removal by leaching and either the soil or irriga-
tion water have high B level [42]. Irrigation water is 
one of the main sources of high soil B levels resulting 
in toxicity [36], because of its continued use and con-
centration in the soil due to evapotranspiration. Safe 
concentrations of B in irrigation water have been re-
ported to be around 0.3 mg B L-1 for sensitive plants, 
around 1 mg B L-1 for semi-tolerant plants and 2-4 mg 
B L-1 for tolerant plants [43]. However, it should be kept 
in mind that the extent to which B will build up in the 
soil also depends on the excess irrigation water used, 
since a higher excess water results in more drainage 
and hence less build-up of B [44], so these values are 
only guidelines, and specific conditions need to be 
taken into account when assessing if irrigation water 
can safely be used without risking the accumulation of 
B in toxic amounts.  

Boron fertilizers are sourced from borate mineral de-
posits. The borate deposits of commercial value were 
formed in continental basins by concentration of wa-
ters enriched with B from volcanic emission [45]. Cole-
manite, kernite, tincal (crude borax) and ulexite are 
the most common borate minerals. The annual world 
production of borate minerals is around 2.2 million 
tonnes, expressed as B2O3 equivalent, and agriculture 
is estimated to comprise 14% of its use [46]. World-
wide, borate minerals are mined in Turkey, the United 
States, South America (Andes), Russia and China. 
Approximately 70% of the world supply comes from 
two corporate organizations – Eti Mine Works (Turkey) 
and RioTinto (US Borax) [47]. It is estimated that 72% 
of the world’s B reserves are located in Turkey.

6. Boron fertilization

6.1. Fertilizer sources

Boron fertilization is used in many B-deficient regions. 
The most common fertilizer sources are soluble sodium 
tetraborates (borax) in various states of hydration 
(Table 2). They are made by refining naturally occurring 

old concentrations for toxicity are also plant genotype 
dependent but usually are in the order of 50-200 mg 
B kg-1 [31]. A higher tolerance to B toxicity of plant cul-
tivars generally appears to be related to lower uptake 
(B exclusion), not to an ability to tolerate high tissue B 
concentrations [3]. However, some moderately tolerant 
species, e.g. Gypsophila sp., have been found to ac-
cumulate and tolerate relatively high tissue B concen-
trations [32]. In extremely B-tolerant species, such as 
Puccinellia distans, B tolerance seems to be the result 
of both B exclusion and high internal tolerance [32].

4. Soil testing

Given that large amounts of B in soil are occluded in 
minerals or irreversibly sorbed, it is no surprise that 
total B content is not a good predictor of plant availabil-
ity. In general, B extractable with mild extracts, such 
as (hot) water, dilute (0.01 or 0.02 M) CaCl2 or 0.01 M 
mannitol, show the best correlation with plant B con-
centrations [33]. Extraction with hot water is probably 
the most commonly used method to predict plant avail-
ability, and has performed well in many studies [34, 
35]. However, in other studies, hot water extraction 
gave poor predictions [36] and the method has also 
been criticized because variation in heating and cool-
ing rates, which changes the effective extraction time, 
is a significant source of variability [37]. In any case, 
results obtained with mild extractants such as hot wa-
ter, cold water and dilute CaCl2 generally correlate 
strongly with each other and therefore usually correlate 
similarly with plant uptake. Furthermore, no soil extract 
can ever give a perfect prediction of B availability to 
plants across soils and plant species, as plants may 
modify the rhizosphere soil and hence nutrient avail-
ability. For instance, Tsadilas et al. [38] tested a range 
of extractants and observed that B content in olive 
trees showed strongest correlation with ammonium-
oxalate extractable B (i.e., oxide-associated) whereas 
B concentration in barley correlated most strongly with 
water-extractable B. Furthermore, extractions do not 
account for the water content under in situ conditions, 
but use a fixed liquid:solid ratio. Since B is only weak-
ly buffered in soil, a lower water content results in a 
higher solution concentration. For instance, Mertens et 
al. [17] assessed the effect of B on root elongation of 
barley and found a positive relationship between ED50 
(added B rate that causes a 50% reduction) and water 
content of the soil, which was attributed to more dilu-
tion of B at high water content. Also, hot water extrac-
tion and most other extracts also release adsorbed B 
that is not directly available to plants. Because of more 
adsorption in alkaline and heavy textured soils, plants 
generally take up more B in acid or light-textured soils 
at a given level of hot water-extractable B (HWB) [39]. 
Finally, soil extraction is usually carried out on the top 
soil, but the highest B concentrations often occur in the 
subsoil [30]. 

Despite these drawbacks, HWB extraction can give a 
useful indication of the B status of the soil, and is com-
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when pH of the solution was increased to pH 5. Be-
cause the soil and macronutrient carrier affect the pH 
at soil:fertilizer interface, the solubility of nutrients in 
water may not necessarily be a good indication of the 
solubility under soil conditions. Other studies also have 
indicated that ulexite is relatively soluble, and may not 
behave as a slow-release fertilizer unless large par-
ticles are used [2]. Colemanite is less soluble, and is 
generally found to release B more slowly than soluble 
sources, with the B release rate in soil decreasing with 
increasing particle size [51, 56]. Overall, solubility of 
B minerals appears to decrease in the order: sodium 
borates (borax, kernite) > sodium calcium borates 
(ulexite) > calcium (magnesium) borates (colemanite, 
hydroboracite) > borosilicates (datolite, howlite). How-
ever, not only inherent solubility, but also particle size 
has a strong effect on the release rate of B in soil [56]. 
The solubility of B frits is variable, but generally low, so 
they need to be finely ground to be effective, and even 
then are more suited for maintenance fertilization than 
for correcting severe deficiencies [45].

6.2. Fertilizer rates and application

The B requirement of crops varies considerably, so 
recommended rates are crop-dependent. Also the 
manner of application, B status of the soil and B 
fertilizer source should be considered. In general, 
recommended rates range from 0.25 to 3 kg ha-1 

[57]. Boron fertilizer can be either soil-applied or as 
a foliar spray. Soil applications are generally used on 
field crops, but foliar applications are commonly used 
to correct deficiencies in fruit trees [58]. In general, 
foliar fertilization has been found to be more effective 
than broadcast soil application [59, 60], but repeated 
application may be necessary because of B immobility 
within the plant and judicious use is required to 

borax (tincal). The octaborate is made from borax and 
boric acid. It has high B content and is very soluble, 
making it the preferred source for foliar fertilizers. 
Boric acid is produced by reacting refined borax with 
sulphuric acid. It is highly soluble, but is not often used 
as fertilizer source because of its higher cost [45]. 
Several crushed ores have been used as potential 
slow-release sources and they are considered to be 
more suitable for use on sandy soils than borax [48]. 
Colemanite and ulexite are the ores most commonly 
used as B fertilizer sources. Other B ores mentioned 
in literature include kernite [49], datolite, hydroboracite 
[50], and howlite [51]. Furthermore, also B frits have 
been used as a slow-release B source. They are 
produced by melting silicates with powdered borates 
and their B concentration generally ranges between 
2 and 11%. Another slow-release source is BPO4, 
which is produced from phosphoric acid and boric acid 
[52, 53]. In recent years, also a few slow-release B 
fertilizers have been described in literature that use a 
slow-release matrix with borax incorporated [54, 55]. 

There are not many studies that compared various 
slow-release B fertilizers and because different stud-
ies often use different methods, comparison between 
studies is often not possible. Abat et al. [53] assessed 
the solubility and release rates of colemanite, ulexite, 
and of BPO4 synthesized at different temperatures 
(Table 3). They found that ulexite was about 10 times 
more soluble than colemanite, in agreement with ther-
modynamic solubility calculations using published 
solubility products. The solubility of the BPO4 com-
pounds decreased with increasing synthesis tempera-
ture. Colemanite and ulexite had an alkaline reaction 
in water and their solubility increased by acidifying the 
solution to pH 5, whereas the BPO4 compounds had 
an acid reaction in water and their solubility increased 

Compound (Common name) Formula % B 

Borax and refined borates   
Disodium tetraborate decahydrate 
(borax penta) Na2B4O7.10H2O 11.3 

Disodium tetraborate pentahydrate 
(borax deca) Na2B4O7.5H2O 15.2 

Disodium octaborate tetrahydrate Na2B8O13.4H2O 20.9 
Anhydrous borax (dehybor) Na2B4O7 21.5 
Boric acid H3BO3 17.5 

Crushed or refined oresa   
Kernite Na2B4O6(OH)2·3H2O 14.9 
Ulexite NaCaB5O9.8H2O 13.3 
Colemanite Ca2B6O11.5H2O 15.8 
Hydroboracite CaMgB₆O₈(OH)₆·3H₂O 15.7 
Datolite CaBSiO4(OH) 6.8 
Howlite Ca2B5SiO9(OH)5 13.8 

Other sparingly soluble compounds   
Boron frits (boric oxide glass) 2-11 
Boron phosphate BPO4 10.2 

 

Table 2. Boron compounds used as fertilizer

a : The reported B contents are for the pure minerals. Fertilizer products may contain impurities and, hence, may have 
different B contents.
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cm. It is estimated that at ten days after application, 
concentration close the granule (<4 cm) would be in 
the toxic range, while concentrations further away (>6 
cm) would be in the deficient range (Figure 4a) and 
that it would take around a year for the fertilizer B to 
be evenly spread in the topsoil. These issues can to 
some extent be resolved by combining B with a mac-
ronutrient fertilizer [57]. When a macronutrient fertilizer 
is enriched with a B source to reach a concentration 
of 0.5% B in the fertilizer, a rate of 1 kg B ha-1 corre-
sponds to an inter-distance between granules around 
5 cm, and the concentrations around the granule are 
expected to be in the adequate range for most crops 
(Figure 4b). Micronutrients can be combined with the 
macronutrient fertilizer either by incorporation during 
granulation or compaction, or as a coating post-granu-
lation. Coatings provide more flexibility than incorpora-
tion to obtain specific grades, but care must be taken 
to ensure the coating is homogeneous and adheres 

avoid toxicity [48]. Soil-applied B fertilizer can be 
either banded or broadcast. Banding is usually more 
effective [60], but broadcasting is often recommended 
to reduce the risk of seedling toxicity [48].

Boron fertilizers may exist as single-compound fertiliz-
er, e.g., granular borax, in which case they are usually 
co-blended with a macronutrient fertilizer. However, 
there are several disadvantages of using a blend [57]. 
Segregation may occur during handling or application, 
resulting in an uneven field distribution of the B fertil-
izer. Also, given the high B content and low B fertilizer 
rates needed, the number of B-containing granules 
for a given area is relatively low when using a single-
compound fertilizer. This may result both in higher risk 
of seedling toxicity, for seedlings close to a granule, 
and deficiency, for plants further away from the fertil-
izer application point. For instance, at a rate of 1 kg 
B ha-1 and with granules of circa 50 mg weight, the 
inter-distance between granules would be around 24 

Boron source 
Unadjusted pH Adjusted to pH ~ 5 

B (mg L-1) pH B (mg L-1) 

Sodium borate (borax) 5736 a 9.37 5892 a 
Ulexite 2733 9.29 4385 a 
Colemanite 246 9.35 3507 
BPO4 
500 C 1 h 15.8 2.3 200 
500 C 24 h 11.2 2.5 140 
800 C 1 h 5.3 3.4 25 
800 C 24 h 4.1 3.4 20 
1000 C 1 h 1.9 3.7 5.0 

1000 C 24 h 0.2 4.4 0.5 

 a: The mineral was completely dissolved (undersaturated solution)

Table 3. The solubility of finely ground boron sources in water without pH adjustment or when pH is adjusted to 5. The BPO4 compounds 
                 were synthesized by heating the reaction mixture of H3PO4 and H3BO3 at various temperatures for 1 h or 24 h (Results from ref [53]).

Figure 4. Estimated concentration profile of B around a fertilizer granule 10 days after application for a granule containing (A) 5 mg easily 
soluble B or (B) 0.25 mg easily soluble B. Note the different scales of the y-axes. The concentration profiles were modelled using the analyti-
cal solution for spherical diffusion from a point source [70], assuming a bulk density of 1.43 kg L-1, volumetric water content of 0.25, tortuosity 
factor of 0.19, Kd of 0 (no sorption) and diffusion coefficient in water of 1.12x10-5 cm2 s-1.
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well to the granule. In general, co-granulation is most 
commonly used for large-tonnage products, whereas 
coating is mainly used to add micronutrients to spe-
cialty fertilizers [57].

7. Advantages of slow-release fertilizers

Sodium borates are most commonly used as a B fertil-
izer source, but they are highly soluble, which increas-
es both the risk of seedling toxicity and of leaching 
losses, which may result in deficiency later in the sea-
son. Slow-release fertilizers release the nutrients at a 
slower rate than fertilizers in which the nutrient is read-
ily available and hence extend the availability to the 
plant [61]. Ideally, the release of a slow-release source 
should be slow enough to protect against leaching and 
seedling toxicity, but fast enough to provide nutrients 
in a reasonable time frame for crop growth. 

7.1. Less risk of seedling toxicity

In a recent study [62], toxicity of several B sources co-
granulated with MAP or MOP was assessed using a 
newly developed method. A granule was placed in the 
centre of a soil-filled Petri dish, canola was densely 

seeded and grown for 12 days, after which the area 
of the non-vegetated zone was determined (Figure 5). 
No B toxicity was observed around granules with 2% B 
as BPO4 synthesized at high temperature. Ulexite and 
borax showed the highest toxicity. Colemanite also 
showed considerable toxicity when cogranulated with 
MAP, but not when cogranulated with MOP. This effect 
of macronutrient carrier could be explained by lower 
pH and high P concentrations around the MAP gran-
ule, which result in lower Ca2+ activity because of the 
precipitation of Ca phosphates, resulting in enhanced 
dissolution of colemanite [63]. The visual toxicity ef-
fects corresponded well with the chemical analysis 
of the soil in concentric circles around the soil, which 
showed that toxicity roughly occurred when HWB con-
centrations exceeded 5 mg kg-1 (Figure 5). Mortvedt 
and Osborn [64] also pointed out that high concentra-
tions around boronated granules may result in seed-
ling toxicity, as they found that concentrations near 
granules with 2% B as a soluble B source were in the 
toxic range for canola even at 8 weeks after applica-
tion. They suggested toxicity could be prevented by 
decreasing B content of the granule or by using a less 
soluble B source. The lower risk of toxicity with slow-

Figure 5. (Left) Pictures (original and after image processing) of Petri dishes with a granule of MAP +2% B (top) or MOP + 2% B (bottom) 
applied in the centre, at seven days after fertilizer application and plant seeding. (Right) The hot water-extractable B (HWB) concentrations in 
the same Petri dishes at 12 days after fertilizer application in the soil at 7.5-15 mm or >15 mm from the fertilizer application site. The dashed 
line indicates a HWB concentration of 5 mg kg-1, which is considered to be toxic for many species. Results from Ref. [62].
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release sources has also been demonstrated in field 
trials. For instance, Winsor [49] found that the yield 
of hairy indigo was reduced at borax rates of 22.4 kg 
ha-1 (corresponding to 2.6 kg B ha-1), which was attrib-
uted to B toxicity, as visual toxicity symptoms were ob-
served. Crop injury was much more severe with borax 
than with colemanite at the same rate of B. 

7.2. Less leaching

The other advantage of a slow-release B source is 
that its gradual release more closely matches the plant 
demand, reducing the risk that mobile nutrients are 
leached away before they are required by the plant. 
This lower risk of leaching with slow-release sources 
has been demonstrated in several studies. In a lab-
oratory study comparing B leaching from different B 
sources cogranulated with MAP, it was found that B 
from ulexite and borax had completely leached after 
a few pore volumes, whereas 42% or >80% was still 
retained in the soil for the colemanite and BPO4 com-
pounds respectively [63]. Saleem et al. [65] assessed 
leaching from borax, powdered and granular coleman-
ite in column studies, and found that leaching losses 
were greatest for the borax treatment and lowest for 
the granular colemanite. In a field leaching study on a 
loamy sand [51], borax leached out of the topsoil very 
rapidly, while howlite leached slowly, with concentra-
tions in the topsoils changing little over a 12-months 
period. Colemanite was found to be intermediate be-
tween the soluble highly sodium borate and the spar-

ingly soluble borosilicate. Winsor [56] compared reten-
tion of borax and colemanite of various particle sizes 
in a sandy soil (Figure 6). He found that after 3 weeks 
(25 cm rainfall), only 9% of the B added as borax was 
recovered in the top 15 cm. Also fine colemanite (<0.4 
mm) leached quite quickly, as evident from elevated 
B concentrations in the subsoil after 15 weeks (52 
cm rainfall). Coarse colemanite, on the other hand, 
showed a gradual release of B and less leaching, as 
was evident from its persistence in the topsoil and low 
concentrations in the subsoil.

7.3. Adequate B supply over a longer period

Slow-release sources keep available nutrient con-
centrations in soil solution at a lower level than read-
ily soluble sources, resulting in less risk of seedling 
toxicity and leaching loss. The nutrient level is hence 
sustained at an adequate level over a longer period of 
time. This is illustrated in Figure 7, which shows the 
HWB concentration in the top soil at different times af-
ter fertilizer application to a sandy soil [56]. For borax 
and fine colemanite, HWB concentrations were ini-
tially high, with fine colemanite even showing higher 
B concentrations and greater injury to native plants 
than borax, because B applied as borax got quickly 
leached to the subsoil due to heavy rains in the first 
weeks. The HWB concentration declined rapidly for 
these two sources to <0.25 mg kg-1, a level that may 
be inadequate for many plant species, after 15 and 26 
weeks for borax and fine colemanite, respectively. In 

(A) 3 weeks (25 cm rainfall) (B) 15 weeks (55 cm rainfall)
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Figure 6. Concentration profiles of hot water-extractable B (HWB) at 3 weeks or 15 weeks after fertilizer application for a sandy soil treated 
with 6.5 kg B ha-1 as borax, fine colemanite (<0.4 mm) or coarse colemanite (0.8-2 mm). Graphs based on data from Winsor [56].
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contrast, coarse colemanite showed gradual release 
of B and persistence in the topsoil during 52 weeks 
(Figure 7). Similarly, Winsor [49] observed that cole-
manite (<0.8 mm) caused no injury to hairy indigo at 
a rates of 22 kg ha-1 (3.5 kg B ha-1), and caused only 
a marginal injury at a rate of 45 kg ha-1 (7 kg B ha-1), 
whereas borax at similar rates showed severe injury 
and strong yield reduction. In a field study assessing 
B supply from various B fertilizer to pine trees [66], it 
was observed that coarse-ground (>2 mm) ulexite and 
colemanite were greatly superior to borax in providing 
a steady, adequate supply of B to the trees.

The use of slow-release B fertilizers also extends the 
residual effect for subsequent crops. In silt and clay 
soils, even soluble B fertilizers may have a substantial 
residual effect because of retention of B in the soil, but 
in sandy and/or acid soils, B is leached easily (Figure 
1) and residual effects of soluble sources are expected 
to be small in regions with considerable rainfall. Abat 
et al. [67] conducted a pot trial growing two crops of 
canola with regular simulated rainfall, using different 
B sources cogranulated with MAP applied at the start 
of the experiment. In the first crop, plants grown on 
the treatments with the most soluble sources (borax 
and ulexite) showed elevated tissue B concentrations, 
toxicity symptoms and slight yield reduction, while in 
the second crop, shoot B concentrations were margin-
al (< 20 mg kg-1) and the plants displayed deficiency 
symptoms. In contrast, the plants grown with the less 
soluble sources (BPO4) showed no toxicity or deficien-
cy symptoms and no yield reduction in either of the 
crops. Saleem et al. [68] found that borax and pow-
dered colemanite showed similar B availability for two 
seasons of rice on a calcareous soil, with powdered 
colemanite slightly better than borax in the second 

season, whereas granular colemanite (0.3 mm) was 
less effective, likely due to slow dissolution in the cal-
careous soil. Based on the limited literature data, it ap-
pears that relatively coarse colemanite (around 1 mm) 
may be a good B source on acid sandy soils, whereas 
finer colemanite or coarse ulexite may be a better B 
source on pH-neutral or alkaline soils, because of the 
slower dissolution of these basic ores under alkaline 
conditions. 

Because slow-release sources prolong B availability 
and reduce leaching losses, they may allow to use 
lower rates or less frequent application of B fertilizer, 
provided they sustain a release that meets the plant 
demand. Dissolution rates of slow-release B fertilizers 
are dependent on soil characteristics, the B source 
used (inherent solubility and particle size) and the 
manner of application. Slightly soluble B minerals such 
as colemanite have been demonstrated to be suitable 
as slow-release B source and are relatively cheap. 
However, more research is needed to reliably predict 
release rates of B from relevant slow-release sources 
under field conditions. In recent years, slow-release 
fertilizers which use slow-release matrices or coatings 
have received considerable attention, mostly for nitro-
gen fertilizers. Similar techniques may also be applied 
to produce slow-release B fertilizers (see for instance 
ref. [54]), but so far there appear to be no published 
studies which assessed the effectiveness of such fer-
tilizer under field conditions.
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ABSTRACT
Sunburn damage on apple fruit has been reported widely [1]. Sunburn incidence is 
expected to increase in future, specifically in the Western Cape in South Africa, with due 
to climate change predictions [2]. Sunburn thus has significant financial implications on 
profitability for the South African export dominated apple industry, as sunburnt fruit is 
not accepted in the main export markets. In the United Kingdom, no visible sunburn on 
apples is allowed, whereas only fruit with class 1 sunburn (Sunburn classification guide 
[3]) is accepted in Europe. To reduce sunburn, which can be 40% for some cultivars, 
an affordable and sustainable alternative is needed. Researchers [4] reported that 
Manni-Plex® calcium (Ca) and boron (B), applied in combination as pre-harvest 
foliar applications, reduced sunburn significantly for ‘Golden Delicious’ (GD) apples. 
This research was continued to investigate the efficacy of the Ca/B combination as 
alternative formulations on GD. The biggest reduction in sunburn incidence was found 
in sunburn class 1. Results indicated that more formulations will be suitable to reduce 
sunburn on GD significantly compared to the control than the initial sorbitol formulation. 
The Spraybor (5 g)/Calsol combination applied as six weekly foliar applications from 
28 days after full bloom (DAFB) was the most efficient combination to reduce sunburn 
on GD in 2015/16.
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susceptible periods of fruit to sunburn damage. The 
latest development was the application of protective 
films [6,12,16,17]. However, all of the above strategies 
have limitations, whether financial or logistics and 
therefore room for alternative, sustainable solution 
exists.

Research with foliar applications of calcium and bo-
ron to reduce bitter pit lead to an unusual outcome on 
sunburn in apples. [4] reported that Manni-Plex® (Ca)/  
Manni-Plex®  (B), applied in combination as pre-har-
vest foliar applications, reduced sunburn significantly 
in ‘Golden Delicious’ (GD) apples. Although B has 
been reported to have antioxidant characteristics [18], 
it has never been implicated in sunburn mitigation in 
apples. This research was continued during 2014/15 
and 2015/16 to investigate the efficacy of the Ca/B 
combination with alternative formulations and less ap-
plications on three apple cultivars. In this paper, only 
the trial on GD during 2015/16 will be discussed.

2. Materials and methods

2.1. Site selection and treatment application
The initial trial [4] was performed on a commercial farm 
(Queen Anne; 34°2’41.10” S 19°12’53.20” E) in the El-
gin-Vyeboom-Villiersdorp area, Western Cape, South 

123

1. Introduction

Sunburn is categorised as a physiological disorder in 
reaction to direct or indirect high flux densities of solar 
radiation [1]. It can also be induced indirectly by an in-
crease in radiant heat [5,1,6]. This is a worldwide phe-
nomenon on apple fruit, but differs in intensity between 
cultivars and growing regions.

In the Western Cape region of South Africa, apple pro-
duction is one of the main agricultural activities with 
a very important contribution towards revenue. Ap-
proximately 50 % of all production is exported [7, 8]. 
Sunburn damage to fruit is predicted to increase due 
to predictions of increased temperatures and a de-
crease in precipitation by the IPCC [2]. The impact of 
sunburn incidence on fruit is significant, as losses due 
to sunburn of up to 50 % of fruit of exportable quality 
has been reported [9]. Thus amelioration for sunburn 
reduction will become a necessity for a sustainable in-
come. 

Present amelioration strategies to reduce sunburn 
incidence in apple orchards include physical shading 
of fruit and cooling of fruit. Physical shading include 
pruning strategies [1], the selection of root stocks and 
shade net structures [10-12]. Direct cooling of fruit has 
been achieved by overhead irrigation [12,13-15] during 
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Africa during 2011/12-2012/13. The extension of the 
research was carried out on a different farm (Appleth-
waite; 34°12’08.0” S 18°59’16.5” E) in the same area, 
during 2015/16. As the first trial was described in [4], a 
summary of treatments are given in Table 1 and details 
of only the second trial in 2015/16 will be described in 
full.

A randomised block design with seven treatments 
replicated eight times on single trees were applied to 
full bearing GD trees on M793 with a history of severe 
sunburn damage. Various combinations of foliar Ca & 
B described in Table 2 were applied from 28 DAFB on 
a weekly basis for six weeks. 

2.2. Parameters quantified related to fruit quality

Mineral analyses (Ca, nitrogen (N) and B) of the peel 
(2015/16) of six fruit of similar size per tree, were con-
ducted by a commercial laboratory Bemlab Pty Ltd, 
Strand, two weeks after the last foliar application (Ta-
ble 3). 

On the commercial harvest date, 26th of February 
2016, approximately 17 kg of fruit was harvested ran-
domly, per tree, from the most exposed side of the row 
(Western side) to include the highest possible sun-
burn incidence. A sample of 10 fruit of similar size was 
picked at shoulder height, at random, from each tree 

Table 2. Foliar combinations of Ca/B applied weekly from 21 DAFB for eight weeks on GD during 2015/16. Amounts calculated for 10L water.

Table 1. Foliar applications of Ca and Ca/B combinations applied 21 DAFB for eight weeks during 2011/12 and 2012/13 adapted from 
              Lötze and Hoffman [4]

Products 
       B                                 Ca 

Active Ingredients 
Composition of  
B product 

Active Ingredients 
Composition for  
Ca product 

Control no B Control no Ca 0 0 

6 ml Manni-Plex B 10 ml Manni-Plex Cal-Zn 33 g/kg B,  
50 g/kg N 
 

60 g/kg Ca,  
60 g/kg N,  
30 g/kg Zn 

6 ml Manni-Plex B 68 g Calsol 33 g/kg B,  
50 g/kg N 

190 g/kg Ca,  
155 g/kg N 

5g Spraybor 
(Na2B4O7·10H2O) 

68 g Calsol 165 g/kg B 
 

190 g/kg Ca,  
155 g/kg N 

7.5 g Spraybor 68 g Calsol 165 g/kg B 
 

190 g/kg Ca,  
155 g/kg N 

10 g Spraybor 68 g Calsol 165 g/kg B 
 

190 g/kg Ca,  
155 g/kg N 

9ml ‘No-burn’  60 g Calcimax Not declared 78,5 g/kg Ca,  
5 g/kg B 
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for fruit quality analyses at the laboratory of the De-
partment of Horticultural Science, Stellenbosch Uni-
versity. Standard methods were used to determine the 
starch break down, fruit firmness, total soluble solids, 
back ground colour and fruit size. Detailed results are 
presented in [3]. 

Approximately 100 fruit was used for a visual classi-
fication of sunburn incidence on individual fruit basis, 
using an adapted sunburn classification guide for GD 
[3] (Table 4) from [19] (Fig 1).

Statistical analyses were performed with SAS 9.3 
(SAS Institute, Inc, Cary, North Carolina, USA) using 
a two-way ANOVA. Significant differences were allo-
cated for P < 0.05.

3. Results and discussion

No significant differences were recorded between 
treatments for N concentration in the peel in spite of 
the addition of nitrate to the fruit in the Ca/B combina-
tion treatments.

 
Treatment N Ca B  
 mg.100 g FW-1 
Control 89 ns 10.57 ba 7.42 bc 

Manni-Plex B & Manni-Plex Cal-Zn 84 8.65 b 5.60 c 

Manni-Plex B & Calsol 85 12.38 ba 7.78 bac 

5 g  Spraybor & Calsol 90 12.73 ba 9.17 bac 

7.5 g  Spraybor & Calsol 94 16.88 a 11.8 a 

10 g  Spraybor & Calsol 99 12.60 ba 11.6 ba 

No-burn alt. Calcimax 90 11.84 ba 9.34 bac 

P 0.481 0.037 <0.0001 

Table 3. Mineral analyses results for apple peel 80 DAFB after the last application to GD in 2015/16.

Treatment Total 
Sunburn 

(%) 

Class 0 
(%) 

Class 1 
(%) 

Class 2 
(%) 

Class 3 
(%) 

Class 4 
(%) 

Class 5 
(%) 

Class 6 
(%) 

Control 35.8ns 64.2b 16.4a 10.6a 5.1ns 2.3ns 0.75ns 0.6ns 

Manni-Plex B & Manni-Plex 
Cal-Zn 

33.0 67.0b 17.4a 6.9ba 4.2 2.4 1.57 0.6 

Manni-Plex B & Calsol 23.9 76.1ba 10.2ba 5.7ba 4.6 2.6 0.46 0.3 

5 g  Spraybor & Calsol 12.5 87.5a 5.65b 3.3b 1.8 0.8 0.23 0.7 
7.5 g  Spraybor & Calsol 27.3 72.7ba 11.4ba 8.7ba 4.4 2.4 0.23 0.2 

10 g  Spraybor & Calsol 19.7 80.3ba 10.7ba 4.5ba 2.6 1.2 0.32 0.5 
No-burn alt. Calcimax 29.9 70.1ba 14.2ba 8.2ba 4.7 1.4 1.16 0.2 
P 0.1753 0.0089 0.0164 0.0642 0.1893 0.3412 0.1413 0.8207 

 

Table 4. Sunburn incidence of GD fruit at harvest 2015/16.

Figure 1. Sunburn classification for GD adapted by Daiber [3]
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At this phenolocial stage (80 DAFB), the foliar appli-
cation of additional Ca compared to the control with 
none, did not reflect a significant increase in Ca peel 
concentration which was unexpected. The Ca concen-
tration differed significantly between two treatments 
– Manni-Plex Cal-Zn/ Manni-Plex B and Spraybor 
(7.5 g)/Calsol, but these did not differ significantly 
from the rest of the treatments. The lowest Ca con-
centration was associated with the Manni-Plex Cal-Zn/ 
Manni-Plex B which was unexpected, as it was also 
lower than the control (not sign.), and may be due to 
the addition of the Zn to the original formulation used 
in 2011-2013 (Manni-Plex Ca). 

Significant differences in the B concentration in the 
peel were found between the control and Spraybor 
(7.5 g)/ Calsol treatment, with the latter showing sig-
nificant higher B levels in the peel which confirms the 
effect of applying additional B to the fruit. The B con-
centration was also significantly higher in the Spraybor 
(7.5 g)/ Calsol and Spraybor (10 g)/ Calsol treatments 
compared to the Manni-Plex Cal-Zn/ Manni-Plex B, 
confirming the higher initial B concentration of Spray-
bor in these combinations.

With regards to sunburn incidence, total sunburn per-
centage was significantly reduced in the Spraybor (5 
g)/ Calsol treatment (12.5 %) compared to the control 
(35.8 %) and Manni-Plex Cal-Zn/ Manni-Plex B treat-
ments (33.0 %) that did not differ from one another. 
This contrasted previous results with the sorbitol for-
mulation [4] and indicated the suitability of alternative 
Ca/B formulations for the reduction of sunburn in GD. 
When sunburn incidence in the different sunburn cat-
egories were considered, the Spraybor (5 g)/ Calsol 
combination was the only treatment with a significantly 
lower percentage sunburn in class 1 and class 2 than 
the control. Treatments had no effect on higher sun-
burn classes 3 to 5. The Manni-Plex Cal-Zn/ Manni-
Plex B treatment showed the same high class 1 sun-
burn incidence (17.4 %) than the control (16.4 %), 
again indicating contrasting results of [4], which may 
be due to the addition of Zn.

Fruit quality was not compromised by any of the treat-
ments [3], except for a slight advancement in maturity 
with the Spraybor (10 g)/Calsol treatment and was not 
related to the reduction in sunburn.

4. Conclusions

Previous findings of a significant reductions sunburn 
incidence in GD [4] were confirmed. However, it was a 
different formulation of the Ca/B combination that re-
sulted in the highest reduction in total sunburn as well 
as percentage fruit in classes 1 and 2. The Spraybor 
(5 g)/Calsol treatment consistently reduced sunburn 
significantly compared the control and Manni-Plex 
Cal-Zn/Manni-Plex B treatment in total sunburn as 
well as class 1. It also resulted in a significantly lower 

percentage of sunburn fruit in class 2. This tendency 
persisted towards classes 3 to 5 (non-sign.). Thus, it 
is possible to reduce sunburn significantly with a dif-
ferent foliar application (Spraybor (5 g)/Calsol) with six 
weekly applications from 28 DAFB.

Treatment combinations containing calcium nitrate as 
Ca source showed significant higher B concentrations 
in fruit peel, but at present, the elevated B levels only 
cannot be correlated to the reduction of sunburn in 
these treatments. The actual concentration of B in the 
fruit peel did not fully explain the positive results with 
sunburn mitigation. There was no clear relationship 
between the reduction in sunburn incidence and the 
Ca or B concentration in the peel at 80 DAFB, indicting 
another mode of action for the reduction of sunburn.

From previous reports [3; 4], the significant reduction 
cannot be ascribed to a direct effect of the B or Ca 
supplementation only. An application of Manni-Plex® 
Ca or Manni-Plex B only did not reduce sunburn, thus 
it has to be a combination of these two elements which 
was confirmed by result from 2015/16. Data from 
2015/16 also indicated that fewer applications (6) ap-
plied slightly later (28 DAFB) was efficient in reducing 
sunburn on GD. 

In future, the unusual role of B in combination with Ca 
as pre-harvest foliar application to reduce sunburn has 
to be validated on more cultivars and fruit kinds. The 
most beneficial combination, time of application and 
number of applications required for the optimum re-
sults can be refined. The Ca and/or B concentration in 
the peel and/or fruit alone did not explain the mode of 
action of the reduction in sunburn and points towards 
a different approach than a physical alteration of the 
peel which was initially put forward.

An alternative mode of action may be changes in the 
biochemical composition of the peel after the foliar 
application of Ca and B. Boron has been reported to 
influence the metabolism of phenolic compounds and 
anti-oxidant activities [18; 20] in tobacco. Similarly, the 
role of B is known to abate sugar transport in plants 
[21; 22] and may play a role in polyphenol synthesis 
[23] which will be upregulated if additional B is applied. 
In addition the anti-oxidative properties of Ca as well 
as the recent study [24] that indicated the role of Ca 
in signalling in the chloroplast need to be considered 
in this respect. The role of regulation of chlorophyll, 
anthocyanins and quercetin glycoside concentrations 
in the peel with the foliar application of the Ca and B 
combination that is known to play a role in sunburn de-
velopment [25;26] can be another explanation for the 
observed reduction of sunburn. In the next phase of 
this project, various analyses for anti-oxidant -, pheno-
lic - and pigment concentrations in these apple peels 
have commenced, will discuss these topics in detail 
and will be used to propose a mode of action.
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       ABSTRACT

Relatively high levels of boron (B) can be found in soils and irrigation water used 
for agriculture in semi-arid and arid regions. Furthermore, climatic conditions and 
resulting high levels of plant transpiration in dry regions intensify B uptake and 
accumulation in plants and increase the probability of B toxicity. The focus of this 
review is on B interactions with soils and plants in dry regions. A basic introduction 
to B in soils and solutions and to B in the soil-water-plant continuum is presented to 
provide the reader with sufficient background to understand issues of B in arid and 
semi-arid agriculture. Crops in arid areas are prone to exposure to stress-causing 
factors from excess B that occurs simultaneously with general salinity stress. In 
some cases in arid zone agriculture excess B is a result of native soil-born B, 
in other cases it is a result of B introduced with irrigation water. Both native and 
introduced B can have long-term consequences on crop growth and agricultural 
management. The nature of excess B-salinity interactions is also reviewed. Case 
studies representing two scenarios regarding excess B in arid agriculture are 
presented. In the first, naturally occurring B in vineyards in the Jordan Valley led to 
toxicity, even after years of leaching and irrigation with low-B water. In the second, 
saline water with high B concentration historically utilized in the western Negev for 
irrigation of cotton had serious repercussions on subsequent peanut crops. Crop 
and water management options appropriate to anticipated conditions of high B in  
arid agriculture are presented and discussed. 
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1. Introduction

Boron (B) is an essential micronutrient element 
required for the normal growth of plants. Plants 
vary in their B requirements, but the range between 
deficient and toxic soil solution concentrations of B is 
smaller than for any other nutrient element [1]. Boron 
deficiency is most likely in coarse textured soils in 
humid regions. B toxicity, however, resulting from high 
levels of B in soils and from additions of B via irrigation 
water, is common in arid and semi-arid regions [2]. The 
climatic conditions (high temperatures, low rainfall, low 
humidity, and high light intensity) and the resulting high 
levels of plant transpiration in the dry regions intensify 
B uptake and accumulation in plants and thus increase 
the probability of B toxicity. 

Boron is taken up into plants from the aqueous soil 
solution and is largely a function of the solution’s B 
concentration [2]. The concentration of B in soil solu-
tion is strongly affected by B-soil chemical interactions 
– primarily adsorption-desorption processes that are, 
in turn, affected by soil constituents and conditions [2]. 

The characteristics of typical arid and semiarid zone 
soils – that they can be saline, contain high natural lev-
els of B, and have relatively low organic matter content 
– all affect soil B reactions and plant B uptake.

Boron toxicity in plants is a phenomenon encountered 
in many places throughout the world’s arid regions. 
Specific cases of high B levels and toxicity to agricul-
tural crops have been reported in South Australia [3], 
California [4], Israel [5], Turkey [6], and Chile [7, 8]. 
Boron can be found as a native component of soils 
and can also be introduced with irrigation water. A par-
ticularly important source of excess B to agriculture is 
found when recycled wastewater is used for irrigation 
[9]. In spite of the extent of excess B in the arid zones, 
research and knowledge concerning B toxicity is less 
than that of B deficiency.

Boron in soils and agricultural systems has been wide-
ly reviewed in the past. Keren and Bingham [2] and 
Goldberg [1] thoroughly discussed B chemistry and 
B-soil interactions, Gupta et al. [10], offered a compre-
hensive look at B in plants, Nable et al. [11], Stangoulis 
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and Reid [12] and Yau and Ryan [13] specifically dealt 
with B toxicity, as did Reid et al. [13] and [14] in physio-
logically based discussions. Readers wishing in-depth 
treatment of these topics are encouraged to turn to 
those sources.

This review aims to focus on B interactions with soils 
and plants in arid and semi-arid regions. A basic in-
troduction to B in soils and solutions and to B in the 
soil-water-plant continuum is provided here to give the 
reader sufficient background to understand the issues 
of B in arid-zone agriculture. Commonly, excess B in 
arid regions is accompanied by conditions of high sa-
linity [2]. These topics are reviewed in terms of their 
relevance to arid agriculture and are discussed using 
case studies from Israel’s Negev desert region.

2. Boron chemistry

The coordination number of the B minerals is either 
3 or 4 or a combination thereof. In solution, B(OH)3

0 
behaves as a very weak Lewis acid (Ka = 6 × 10-10, pKa 
9.1) according to the equilibrium equation:

B(OH)3
0 + H2O <=> B(OH)4

- + H+

At low concentration (≤0.2 mg/l), only the mononucle-
ar species B(OH)3

0 and B(OH)4
- are present. At higher 

concentrations and with increasing pH, polynuclear 
ions, such as B2O(OH)6

2- or those incorporating B3O3 
rings, are formed. Further increase in pH results in 
higher nuclearity borates, but above pH 10, B(OH)4

- 
is produced exclusively [15]. Complexation with B 
is mostly limited to compounds having two hydroxyl 
groups in the cis-conformation, classified as cis-diols. 
The most stable of these complexes are formed with 
cis-diols attached to a furanoid ring [16]. In this way B 
binds to plant sugars, soil organic matter, metal oxides 
and clays.

3. Boron soil interactions

Boron transport in soils and B available for plant up-
take is a function of B concentration in the soil solution. 
B in soil solution is determined by: a) soluble B enter-
ing the soil-water system; either from the soil mineral 
fraction or from B imported through groundwater or ir-
rigation water; and b) sorption reactions between the 
aqueous soil solution and soil solids. 

3.1. Sources of soil B

Boron is widely distributed [17] in both the lithosphere 
and hydrosphere. In rocks its concentration averages 
about 10–20 mg B/kg. In sea water it can range from 
1–10 mg B/l, while its concentration in fresh surface 
waters is generally much lower. A survey of 1542 sur-
face water samples reported a mean B concentration 
of 0.1 mg/l [18]. However, concentrations up to 1000 
mg/l have been measured in salt lakes and hydrother-
mal waters [19]. Most soils have low B content (less 

than 10 mg/kg); high B content soils are those associ-
ated with recent volcanism [15] and arid or semi-arid 
regions. Groundwater can be high in B if exposed to 
geological formations with soluble B. Boron-containing 
minerals are either insoluble (tourmaline) or very solu-
ble (hydrated B minerals).

3.2. Soil solution B – adsorption processes

The relative solubility of minerals generally is not found 
to control the concentration of B in soil solution [1]. The 
B concentration in the soil solution is instead much 
more highly influenced by B adsorption reactions. The 
amount of B adsorbed by soils varies greatly with the 
contents of soil constituents, the most important be-
ing clay minerals, sesquioxides and organic matter [2]. 
Calcium carbonate acts as an important B adsorbing 
surface in calcareous soils. Boron adsorption is great-
er in soils having higher calcium carbonate content 
[20]. The mechanism of B adsorption is generally con-
sidered to be ligand exchange. On a per-weight basis, 
clay minerals adsorb significantly less B than do most 
oxide minerals and organic matter. 

Layer-silicate clay minerals adsorb B; the order of B 
adsorption on a per-weight basis is kaolinite < mont-
morillonite < illite [21]. The rate of B adsorption to clay 
minerals begins with an initial, fast adsorption reac-
tion (less than one day) followed by a slow diffusion 
of B into the crystal lattice [22]. Initially, B adsorbs to 
the surface hydroxyl groups on the clay particle edg-
es. Subsequently the B migrates and is incorporated 
structurally into tetrahedral sites, where it replaces 
structural silicon and aluminium.

Boron adsorbs on both crystalline and amorphous alu-
minum- and iron-oxides. Boron adsorption is greatest 
on freshly precipitated solids, decreases with aging 
due to increasing crystallinity [23], and is greater for 
aluminium oxides than iron oxides [24] on a per-weight 
basis. Magnesium (Mg) hydroxide can remove appre-
ciable amounts of B from solution. Due to Mg hydrox-
ide coatings, silicate minerals containing mainly Mg in 
their chemical formulas adsorb more B than silicate 
without Mg. The appreciable B adsorption capacity of 
the sand and silt fractions of arid zone soils low in clays 
and organic matter may therefore result from clusters 
and coatings of Mg hydroxide on silicate minerals [25]. 

Knowledge concerning B adsorption to organic mate-
rials is much less comprehensive than that concern-
ing clays and metal oxides.  It is nevertheless under-
stood that soil organic matter significantly affects B 
distribution between the soil’s solid and liquid phases 
and influences B uptake by plants. Boron adsorbs on 
all soil organic matter constituents [26, 27], including 
natural organic matter like compost and peat [28, 29]. 
Garate and Meyer [30] concluded that the main fac-
tors affecting B retention by organic matter were pH, 
Ca and fulvic acid content, and the humic-to-fulvic 
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acid ratio. Interaction between B and organic matter 
can alter soil solution B. Boron deficiency has been 
observed in soils with high organic matter content [31-
34]. This deficiency has been shown to be related to 
the high affinity of organic matter to B [28, 33, 35, 36] 
and its removal from solution. In a case where a small 
amount of composted organic matter not rich with B 
was added to the soil (Loess, Calcic Haploxeralf) the 
number of adsorption sites was significantly increased 
and soil solution B and plant uptake were decreased 
[37]. Alternatively, adding organic matter to soil has 
been reported to increase B content and its availability 
to plants [38, 39]. 

Factors influencing B adsorption and desorption from 
soil constituents include: B concentration in the soil so-
lution, solution pH, presence and type of exchangeable 
ions, ionic composition of the soil solution, wetting and 
drying cycles and temperature [1, 2]. Boron adsorp-
tion on soils is particularly dependant on solution pH. 
Boron adsorption on soil constituents increases with 
increasing pH, reaches maximum levels at around pH 
9 and decreases with further increases of pH [40]. The 
pH dependence of B adsorption can be explained by 
competition between borate ions, boric acid and hy-
droxyl ions for specific sorption sites [21]. Quantitative 
relationships between solution concentrations of the 
ions are a function of pH but not by adsorption charac-
teristic or number of adsorption sites [21, 28].

Information concerning the reversibility of B adsorption 
reactions in soils is contradictory. For some soils, de-
sorption isotherms correspond closely to B adsorption 
isotherms while other soils exhibit hysteresis [20]. In 
investigations of the cause of hysteresis, no significant 
correlation was found with soil properties including: 
clay, organic carbon, pH, electrical conductivity (EC), 
cation exchange capacity, surface area, aluminum ox-
ide content, or iron oxide content [20]. Mechanisms 
of irreversibility of B sorption have been shown to in-
clude: ligand exchange, formation of bidentate surface 
complexes and incorporation of B into clay mineral lat-
tices [1].

Boron adsorption and desorption from soil adsorp-
tion sites regulate B concentration in the soil solution. 
This regulation itself is a function of the changes in 
solution B concentration and of the affinity of the soil 
constituents for B [41]. Thus, adsorption of B may buf-
fer fluctuations in solution B concentration such that B 
concentrations in soil solution may vary only slightly 
with changes in soil water content.

3.3. Leaching B from soils

Soluble salts, including B, existing in the soil can be 
moved out of the root zone with water applied for this 
purpose. Boron as boric acid or borate is mobile in soil 
solution. The capacity for leaching B from the root zone 
is a function of water content and water movement in 

the soil as well as of B transport processes (which are 
themselves affected by B adsorption-desorption pro-
cesses). In general, the amount of water needed to 
leach B from soil is much higher than that needed to 
remove non-reactive solutes like Cl- or Br-.

A column study [42] showed that the amount of water, 
measured in terms of pore volumes, to achieve trans-
port of B so that adsorption and desorption processes 
reached equilibrium and maximum B moved out of the 
soil was 4–8 times greater for B transport compared 
to the ideal mass-transfer of Br-.  Actual transport and 
leaching of B, however, are determined by the same 
parameters that affect the B adsorption-desorption 
process. For example, transport of B through soil col-
umns was retarded by increased clay content and by 
increased solution pH [42].

Boron transport in a loamy sand soil was also strongly 
controlled by rate-limited adsorption, which, in turn, 
was dependent on pore-water velocity [43]. Informa-
tion from B adsorption-desorption processes studied 
under equilibrium conditions (as in the column experi-
ments) can and are used to predict B transport in soil 
[44, 45], but the assumption of equilibrium may not 
be appropriate for actual field conditions, where the 
parameters and processes controlling B movement 
would likely vary with space and time. Communar and 
Keren [43] found rates of B adsorption that were high-
er than those of B desorption in non-equilibrium condi-
tions. The pH in soil solution, well established as hav-
ing primary importance to adsorption processes, often 
varies as a function of time, location in the field and 
soil depth [46]. Shouse et al. [47] monitored salinity 
and B concentration in a 60-ha agricultural field. Soil 
salinity and B concentrations were found to be highly 
correlated and were observed to be largely a product 
of soil textural variations. A number of additional fac-
tors, such as water redistribution and solute concen-
tration augmentation by evaporation, can also affect 
B transport in unsaturated soils under transient water 
flow regimes [48]. Increases in solution B concentra-
tion caused by evaporation are compensated, in part, 
by B adsorption, whose effect depends on the rate of 
adsorption-desorption reactions. 

The maximum effect is achieved when adsorption oc-
curs instantaneously (equilibrium adsorption). Under 
rate-limited adsorption, the concentration of B in the 
solution changes; it parallels the variation of water 
content, with some time lag. Communar and Keren 
[48] estimated the effect of transient, non-monotonic 
water flow on B transport in unsaturated, homoge-
neous loamy sand and loess soils. Their results in-
dicate that non-steady-state conditions caused by 
interruptions in flow affect B transport and lead to sig-
nificant changes in solution B. In spite of this, lysimeter 
studies investigating the effect of excess B in irriga-
tion water on crops suggest that in regularly irrigated 
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and BORs, B exporters). These transporters function 
to support normal growth under high B conditions [63].

4.2. Excess B and toxicity

High B concentrations in soil solution leads to plant 
toxicity. The range of B concentrations in the soil solu-
tion causing neither deficiency nor toxicity symptoms 
in plants is particularly narrow [2]. For a wide variety of 
plant species, the primary visible symptoms of B toxic-
ity are chlorotic and/or nectrotic patches that first ap-
pear at the margins and tips of mature leaves. These 
symptoms are typical in most plants, where, as previ-
ously mentioned, B mobility is restricted to the tran-
spiration stream and excess B accumulates in leaves 
[11]. The extent of B toxicity symptoms is a function of 
B accumulation in the leaves which, in turn, depends 
on the B concentration in soil solution, length of ex-
posure, transpiration rate and species and genotype. 
Root elongation can be decreased by high B [64] 
but the concentration in soil solution causing such a 
response is much higher than that leading to visual 
symptoms of toxicity in shoots since B concentration 
in the roots remains relatively low compared to that in 
leaves. Contrary to most species where B is immobile, 
in species in which B is phloem mobile the symptoms 
of toxicity are flower and fruit disorders, bark necrosis 
which appears to be due to death of cambial tissues, 
and stem die back [65]. Recently, Reid [66] concluded 
that B movement in plants involves is of a complex 
multi-layered system designed to optimizing the use of 
B utilization over a broad range of concentrations. At 
the cellular level, plants can switch the direction of B 
flow through the polar expression of membrane trans-
porters, while at the whole plant level, integration of 
xylem and phloem transfer can deliver B to specific 
tissues dependent on developmental stage. 

Plant response to exposure to high B has long been 
understood to be species specific [67]. In a number 
of crops, there is also a wide range of genotype- or 
variety-specific variation in response to excess B [68]. 
Boron toxicity is also a function of type of exposure; 
the relative toxicity of B entering through the leaves 
when foliage is exposed to B-laden water is greater 
than that of B entering via roots [69]. We do not yet 
sufficiently understand the mechanisms for B toxicity 
in sensitive plants or how tolerant plants evade 
toxicity [14, 64, 70]. Sensitivity to B is accompanied 
by significant changes in the physiology and activity of 
numerous enzymes and apparently involves a number 
of metabolic processes, including reduced expansion 
in meristematic regions, development of necrotic areas 
in mature tissues (reduced photosynthetic capacity), 
reduced supply of photosynthate to developing 
regions of the plant, and, at particularly high B levels, 
inhibited root growth. Toxicity may be associated with 
the form of B in plants and that soluble B holds greater 
importance than total B [70-72].

soils assumptions of B-adsorption equilibrium may in 
fact be reasonable, as long as concentration of B in 
applied water stays constant. Full-season studies on 
tomatoes in a sandy loam soil indicated that drainage 
water B reached steady-state values after 20–50 days 
of irrigation and that the time to steady-state increased 
with increased irrigation water B concentration and de-
creased with increased irrigation volumes [49].

A long-term experiment with date palms grown in ly-
simeters and irrigated with B-salinity combinations [50, 
51] also showed that in the sandy loam soil studied, in 
a very hot dry climate, a leaching fraction of 0.25 was 
sufficient to provide equilibrium conditions for B in 1 
m3 containers after 3–5 months and that steady-state 
conditions of B in soil solution and in drainage water 
were maintained for years thereafter. 

4. Boron in plants

4.1. Plant function and B nutrition

Boron plays an apparent role in a number of physio-
logical processes in plants, including: cell enlargement 
and division in roots and leaves, microsporogenesis 
and pollen tube growth [52], sugar transport, cell wall 
synthesis, lignifications, cell wall structure, carbohy-
drate metabolism, RNA metabolism, respiration, in-
dole acetic acid (IAA) metabolism, phenol metabolism, 
membrane integrity, and ascorbate metabolism and 
induce oxygen activation [53-55]. Hu and Brown [56] 
discuss B deficiency in detail and suggest that “the 
rapid and specific inhibition of plant growth that occurs 
upon removal of B is a consequence of two important 
features of B physiology: the specific structural role B 
plays in the cell wall and the limited mobility of B in the 
majority of species”.

Boron uptake in higher plants occurs passively 
through the lipid bilayers and is a function of external 
boric acid concentration, membrane permeability, 
internal complex formation and transpiration rates 
[56]. Aquaporins in plants can also transport small 
neutral solutes [57, 58] and that passive lipid diffusion 
and aquaporins or other Hg-sensitive channels [59-61] 
serve as possible pathways of B into the plant. 

Boron is mobile in the xylem and its transport within the 
plant is primarily via mass flow with the transpiration 
stream. Beyond the xylem, B is generally considered 
highly non-mobile in most plants, as it accumulates in 
leaves and is normally not found to be transported to 
other organs or locations. Only in particular plant spe-
cies that produce polyols that complex with the B and 
allow its transport has B been demonstrated to be mo-
bile in the phloem [62]. Molecular, genetic and physio-
logical studies show that B transport in plants not only 
occurs by passive diffusion across membranes but is 
also catalyzed by regulated transport proteins (NIPs 
(nodulin-26-like intrinsic proteins), boric acid channels, 
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salinity and excess B. Examples of native soils with 
naturally high levels of salt and B are found in the Jor-
dan Valley, shared by Israel and Jordan, and in soils of 
South Australia, where underlying shallow, saline-high 
B water tables can be prevalent [79]. Irrigation with 
saline groundwater containing high B concentrations 
occurs in many dry regions with notable examples 
found in California’s San Joaquin Valley [80], Texas’s 
Rio Grande Valley [81] Canada’s Saskatchewan Prov-
ince [82], in Israel’s Negev region [5], and in Chile’s 
Lluta Valley [8]. An additional source of combined high 
levels of salts and B is found in recycled wastewater 
[9, 83], which is increasingly used water source for ir-
rigation.

5.1. Boron-salinity interaction in soil

Salinity can influence B-soil interactions both directly, 
by affecting sorption processes, and indirectly, by alter-
ing the soil’s hydraulic conductivity, thereby affecting 
B transport and leaching. Boron adsorption on clays 
increases with the increasing ionic strength of the so-
lution [22, 28, 84]. The influence of ionic strength was 
found to be greater for sodium clays, as compared to 
calcium clays [84]. Increasing ionic strength with CaCl2 
increases B adsorption on organic matter, as well [28]. 
Increasing ionic strength enhances the dissociation of 
boric acid in solution to higher affinity borate ions [85], 
thus increasing B adsorption. Additionally, increased 
ionic strength of solution diminishes the width of dou-
ble-diffused layers, enabling greater concentration of 
borate adjacent to mineral surfaces and increasing B 
adsorption even more [2]. The presence of chloride, 
nitrate or sulfate has little effect on B adsorption on 
clays, while the presence of phosphate appreciably 
reduces B adsorption [1]. 

High sodium concentrations can lead to clay disper-
sion, loss of soil structure and porosity, and subsequent 
reductions in soil hydraulic conductivity. Leaching of B 
in sodic soils is therefore particularly difficult, as wa-
ter movement through the soil indirectly decreases the 
mobility and transport of B. 

5.2. Boron-salinity interaction in plants

Plant stresses caused by salinity or B alone have been 
thoroughly investigated and, while their independent 
effects on growth and yield have been well described 
in the literature [10, 11, 86, 87], less knowledge exists 
concerning cases where they occur concurrently. 
Bingham et al. [88] found that the shoot weight of 
wheat was not affected by interaction between B 
concentration (in the range of 0.09 to 1.39 mM) and 
salinity (in the EC range of 0.5 to 4.2 dS/m). A similar 
conclusion was reached by Mikkelsen et al. [89] for 
alfalfa plants and by Grattan et al. [90] for eucalyptus. 
Shani and Hanks [77] grew barley and corn in the field 
and concluded that the osmotic and B effects were 
additive rather than interdependent. Ferreyra et al. 
[7] observed that the growth of 42 different kinds of 
plants was higher than expected from the sum of the 

4.3. Drought and B toxicity

Stress due to low moisture levels is common in arid 
regions. Adsorbed B was found to be independent of 
variations in soil moisture content from 50 to 100% 
of field capacity in one study [73] and increased with 
decreasing soil water content in another [41]. Wetting 
and drying cycles increased the amount of B fixa-
tion [74] with the effect of drying becoming more pro-
nounced with increased additions of B. Boron avail-
ability has been alternatively reported to decrease or 
increase as soils dry [1]. The differences may be due 
to expected effects of drying on root distribution and 
activity in regards to B in the soil profile. Fleming [75] 
found B deficiency in plants in dry soils because the 
lower depths where roots extracted water when the 
upper profile was depleted contained little B. Yau [76], 
on the other hand, reported increased B uptake un-
der drought conditions, as the deeper soil in his study 
was particularly high in B. Little is known concerning 
interactive effects of boron toxicity with water stress on 
plants [49, 76]. Shani and Hanks [77] modeled B toxic-
ity, salinity and drought stress based on independent 
multiplicative factors but their range of experimental 
crops and stress factor levels was limited. 

Ben-Gal and Shani [49] tested five irrigation levels (30, 
60, 100, 130 and 160% of potential evapotranspira-
tion) with three B-water concentrations (0.3, 4.0 and 
8.0 mg/l) on tomato transpiration and biomass produc-
tion. They found that low moisture levels and high B 
in some cases led to higher leaf B content, but never 
to lower yield, and concluded that simultaneous B 
and drought stresses did not result in greater toxic-
ity but, rather, one or the other stress-causing factor 
was found to be dominant in plant response. Yau [76], 
alternatively, reported that drought conditions led to 
increased B accumulation and increased B toxicity ef-
fects in barley growth. The expression of more severe 
B toxicity when water is limiting was explained by the 
tendency of drought-affected plants to grow roots deep 
into the subsoil where B had accumulated.  Contrary to 
this result, Hamurcu et al., [78], who investigated the 
effect of different B treatments on drought tolerance 
of watermelon plants, showed that increasing dos-
age of B alone caused more severe growth reduction 
than when combined with PEG 6000-induced drought 
stress. Drought stress caused less accumulation of 
B in leaves and roots. They also showed that high B 
caused lipid peroxidation in a reactive oxygen species-
independent manner and drought stress-induced lipid 
peroxidation was alleviated by increasing B dosage. 

5. Boron-salinity interactions

Soils in semi-arid and arid regions where little or no 
leaching occurs tend to have high levels of B, but also 
are high in overall salinity [2]. In these regions, wa-
ter available for irrigating agricultural crops can also 
contain high concentrations of salts along with B [11]. 
Crops in such areas are therefore prone to simulta-
neous exposure to stress-causing factors from both 
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two factors, a finding that indicates amelioration of B 
toxicity by salinity. Holloway and Alston [91] and Grieve 
and Poss [92] showed that the response of wheat to B 
decreased with increasing salinity. Similar trends were 
found for tomato [93, 94], chickpea [95], grapevines 
[96], and date palm [51].  

The nature of the interaction of combined B and sa-
linity effects can be additive, antagonistic or synergis-
tic. Data for bell pepper [97] and reanalysis of data 
from the literature for wheat [88] and tomato [94] imply 
amelioration of toxicity (an antagonistic relationship) 
regarding growth and yield for combined B toxicity and 
salinity [97]. Antagonism between salinity and B may 
be a result of decreased toxicity of B in the presence 
of NaCl, reduced toxicity of NaCl in the presence of 
B, or both together. Yermiyahu et al. [97] suggested a 
possible explanation for bell peppers, where uptake of 
B is reduced in the presence of Cl and uptake of Cl is 
reduced in the presence of B. Masood et al. [98], grew 
wheat hydroponically and found that Cl was reduced 
in plants by excess application of B. At adequate B 
supply, NaCl increased apoplastic and symplastic sol-
uble B concentrations, whereas the total B content re-
mained unchanged. At a high B level, however, soluble 
and total B were reduced by salt stress. They conclud-
ed an alleviating effect of the combined stresses on 
toxic ion concentrations, which did not prevent addi-
tive growth reductions. However, the mechanism of B-
salinity interactions is not clear and there are currently 
no satisfactory physiological or physical explanations 
for B-Cl uptake interactions. 

Wimmer and Goldbach [99] studied five different B 
and salt-resistant wheat genotypes grown hydroponi-
cally with low and high B supply. Boron-uptake rates 
were reduced with increasing salt concentration only 
under high B supply. They suggested that under high 
B supply, when B uptake is predominantly passive by 
diffusion or channel-mediated via aquaporins, transpi-

ration-driven water flow is the dominant factor for B 
accumulation in aerial plant parts. Under low B supply, 
when a significant portion of B can be taken up via ac-
tive pathways, transpiration is not the decisive factor 
for B accumulation. Bastías et al. [100] investigated 
the effect of B compared to Ca in order to elucidate 
whether the two nutrients have similar effects and/or 
to reveal a relationship under salinity. They showed in-
crease of aquaporin functionality under the presence 
of both B and Ca compared with NaCl-treated plants. 
del Carmen Rodríguez-Hernández [101] studied water 
transport and membrane integrity of broccoli (Brassica 
oleracea L.) in response to B and salinity. Their results 
suggest that B and NaCl trigger a hydric response in-
volving aquaporins, together with changes in nutrient 
transport and plasma membrane stability. Research 
on broccoli at the USDA-ARS U.S. Salinity Laboratory 
showed complex interactions between salinity, B, and 
pH [102-105]. 

6. Bioavailability and toxicity of residual B in 
managed soils in irrigated dry-zone agriculture 

6.1. Case study 1 – natural soil B in vineyards in 
the Jordan Valley 

Orchards and vineyards dominate the landscape in Is-
rael’s Jordan Valley where the hot, dry climate contrib-
utes to the potential for early-season fruit production. 
The native soils in the Jordan Valley are in many cases 
saline [106] and are prone to high levels of B. B toxicity 
has been hypothesized as an explanation for chlorotic 
leaf edges observed during vegetative growth periods, 
particularly late in the season, in table grape vine pro-
duction in the Jordan Valley (Fig. 1). Grape production 
in the Jordan Valley had steadily declined and aver-
age fruit size decreased. In addition, the lifespan of 
vineyards in the region was found to be substantially 
reduced compared to other regions growing the same 
varieties (Pini Sarig, personal observation). 

Figure 1. Boron toxicity symptoms on grapevines (Sugarone on Ruggeri) grown in containers in the Jordan Valley, Israel: (A) symptoms on 
leaves of vine irrigated with water containing 3.1 mg/l B; (B) branch from grapevine irrigated with low-boron (0.3 mg/l, left) and high-boron 
(3.1 mg/l, right) solutions (from Yermiyahu et al. [107]).
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with dominant textures ranging from loam to clay. Sites 
3 and 4 had an upper horizon up to 30-cm thick that 
was sandy loam and lower horizons with up to 30% 
clay. Sites 1 and 2 had higher clay levels throughout 
the profile, with up to 50% clay. Vineyards were drip-
irrigated with local water with EC = 0.9 dS/m and B = 
0.05 mg/l since the vines were planted. Sampling pits 
were dug using a back hoe in March of 1999. 

Three pits were dug at each site; two inside the vine-
yard adjacent to vine rows and a third outside of the 

A study was carried out to investigate the leaching of 
salts and B from soils in Jordan Valley commercial 
vineyards and to evaluate the effects of residual B on 
grapevines. This study revealed cases of long-term B 
toxicity even after leaching and when good quality-low 
B water was used for irrigation. Three- to six-year-
old plots planted with three varieties of table grapes 
on Ruggeri rootstock (Table 1) were chosen in com-
mercial vineyards where non-cultivated soil adjacent 
to the plots could be compared to the cultivated soil 
in the vineyard. Soils in the vineyards were alluvial, 

Plot no. Location Variety Age 
(years) Boron toxicity level 

1  Tomer Perlet 5 low 
2  Gilgal Perlet 3 low 
3  Yitav Sugarone 6 medium 
4  Nativ Hagdud 125 6 high 

 

Table 1. Description of vineyard plots sampled for soil B and salinity levels and monitored for B toxicity; “low”, “medium” 
              and “high” B levels reflect visual evaluation of toxicity symptoms on grapevines.

Figure 2. Saturated paste B and EC as a function of depth in four vineyards in the Jordan Valley; samples were taken at the onset of the 
growing season from three locations in each plot: two adjacent to vine rows and one outside the cultivated area.
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soil B in the second profile was very similar to the soil 
B in the first profile down to 60–90 cm, but at greater 
depths it increased significantly to 1.5 mg/l in satu-
rated paste extract. Apparently, root uptake of water 
at the greater depths led to B uptake and subsequent 
accumulation and toxicity. One solution to this problem 
would be to further leach the B to even greater depths. 
A second possible solution would be to change current 
agronomic practices in the region, where irrigation is 
reduced following harvest, and stopped completely in 
the winter while the vines are dormant. Such manage-
ment (no winter irrigation) encourages root expansion 
and activity into deep soil where the B concentrations 
can be high. Alternative management, where irrigation 
is continued to maintain relatively high soil moisture in 
the upper leached horizons all year long, would likely 
resolve the problems of B toxicity. 

6.2. Case Study 2 - B originating from saline irriga-
tion water in Israel’s Western Negev

For a period of over 20 years, beginning in the 1970s, 
low-quality irrigation water, characterized by high 
levels of sodium salts, an EC of 3–5.5 dS/m and B 
concentrations reaching 2.0–3.5 mg/l was utilized 
to irrigate cotton in Israel’s Western Negev region. 
Management routinely involved pre-plant winter ap-
plication of gypsum to the area’s loess soils to offset 
sodicity problems and to facilitate infiltration, followed 
by summer cotton cultivation. Recently, as profits from 
cotton cultivation have declined, the practice of irrigat-
ing with saline water has been discontinued and cotton 
has been replaced by less salt-tolerant crops including 
peanuts and potatoes. In cases where peanuts were 
cultivated on fields that had previously supported cot-
ton irrigated with the saline water, phenomena includ-
ing leaf desiccation and reduced growth and yields of 
nut pods were observed. 

To investigate the problems in peanut cultivation, 
adjacent fields at Kibbutz Nir Oz with and without 
histories of irrigation with saline water were selected. 
Water quality parameters for the saline water, for 
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Figure 3. Concentration of B in diagnostic leaves from grapevines 
sampled early in and near the end of three growing seasons; col-
umns show average values and lines represent standard deviations 
for the three sampling seasons; plots 1 and 2 had correspondingly 
low soil B, while plots 3 and 4 had correspondingly high soil B.

cultivated area. Soil was sampled from the pits 50 
cm from the drip line at 0–20, 20–40, 40–60, 60–90, 
90–120 and 120–150 cm depths from the surface and 
used to determine saturated paste EC (ECe) and B 
(Be). Samples of diagnostic leaves from grapevines 
were taken on two dates in each of three years: af-
ter flowering (second or third week of March – leaves 
growing adjacent to flowering clusters), and at the end 
of the season (second or third week of November – the 
most mature young leaf to the fifth leaf from the end of 
branch). Three replicates were sampled for each plot, 
40 leaves per sample. 

The ECe and Be in the uncultivated soil reached 17 
dS/m and 9 mg/l in saturated paste extracts, respec-
tively (Fig. 2 plot 8). In cultivated soil, salinity and B 
significantly decreased, with ECe as low as 1.2 dS/m 
and Be as low as 0.4 mg/l. This depletion followed 
pre-planting leaching and continual-leaching irriga-
tion regimes during growing seasons. The ECe in the 
soil profile of all the plots was consistently lower than 
2 dS/m, which is considered to be a critical value for 
grapevine response [108], below which yield is not re-
duced. 

Boron in the sampled Jordan Valley soils was highly 
variable (Fig. 2). In the data presented, two of the plots 
were high in B while two had much lower B levels. In 
both sets of soils the B in the uncultivated pits de-
creased with depth and in cultivated soil B increased 
with depth. In the low soil-B content plots, B concentra-
tion ranged from 0.1–0.3 mg/l, while in the high soil-B 
content plots, B concentration was more than five-fold 
higher. The ratio of B in cultivated to B in uncultivated 
soil was greater as depth of sampling increased. At 
150 cm below the surface the B concentration in cul-
tivated plots, where natural B levels were high, was 
more than 2 mg/l, a level of B that is considered toxic 
and has been found to induce toxicity symptoms in 
grapevines [107, 108]. 

Analysis of leaf samples confirmed that B uptake and 
accumulation was greater in plots where B was origi-
nally higher and where deep soil contained relatively 
high residual B (Fig. 3). Boron accumulated in leaves 
throughout the growing season. Samples taken at the 
beginning of the season had lower B content: 100 and 
160 mg/kg for plots 1 and 4, respectively. Boron in leaf 
material collected at the ends of the seasons reached 
900 mg/kg in vines grown in the higher-B soil (Plot 4) 
while B levels in leaves from vines grown in soils with 
lower B were ~300 mg/kg (plots 1 and 2).

Roots were observed in the sampling pits in the entire 
profile up to 200-cm depth. Root activity at the greater 
depths, where B is relatively high, would explain ob-
servations of B toxicity symptoms in these soils, even 
when B in the upper horizons was low. For example, 
the profile in Fig. 2, labeled (A), was taken adjacent to 
a healthy vine while that labeled (B) was located close 
to a vine that exhibited B toxicity symptoms. The soil 
B in the first profile was <1.0 mg/l at all depths. The 
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fresh water used for irrigation until 1989, and for 
high-quality tertiary treated municipal wastewater 
(Shafdan) used henceforth are given in Table 2. 
Peanuts planted in June 2003 in 10 plots in each field 
were monitored. The winter rainfall and the amount 
and type of irrigation water applied from 1980 to 2002 
are presented in Table 3. Soil physical characteristics 

(Table 4), including texture and hydraulic properties, 
were uniform throughout the plots. Soil was sampled 
at the beginning and end of each cropping season and 
ECe and Be were determined as a function of depth to 
120 cm. Leaf samples from peanut plants were taken 
five times during the growing periods and tested for 
accumulated salts and

Characteristic Water type 
Fresh Saline Shafdan 

Electrical Conductivity (dS/m) 1.1 4.2 1.3 
Chloride (meq/l) 7.1 31.0 6.9 
Sodium (meq/l) 4.6 40.0 5.8 

Calcium + Magnesium (meq/l) 5.0 6.0 6.4 
Boron (meq/l) 0.2 2.1 0.3 

Sodium Adsorption Ratio  2.9 23.0 3.2 
pH 7.3 7.5 7.6 

 

Table 2. Average values of some quality parameters for the three water sources historically used to irrigate 
              Kibbutz Nir Oz fields: Fresh, saline, and treated waste water (Shafdan).

Year 
 

Rain fall 
(mm) 

Contaminated field Uncontaminated field 

Crop Water Amount 
(mm) Crop Water Amount 

(mm) 
1980 360 cotton saline 500 wheat - - 
1981 235 cotton saline 470 wheat - - 

1982 235 cotton saline 510 peanut fresh 700 
1983 387 cotton saline 520 potato fresh 475 
1984 144 cotton saline 480 wheat - - 

1985 205 cotton saline 485 wheat - - 
1986 226 cotton saline 490 peanut fresh 700 
1987 326 cotton saline 517 potato fresh 475 

1988 298 cotton saline 520 wheat - - 
1989 348 cotton saline 510 wheat - - 
1990 276 cotton saline 540 peanut Shafdan 700 

1991 286 cotton saline 540 potato Shafdan 475 
1992 427 cotton saline 550 wheat - - 
1993 304 cotton saline 520 wheat - - 

1994 141 - - - wheat - - 
1995 452 cotton saline 530 peanut Shafdan 700 
1996 217 cotton saline 540 potato Shafdan 475 

1997 282 - - - wheat - - 
1998 251 wheat saline 80 wheat - - 
1999 64 - - - peanut Shafdan 700 

2000 177 wheat saline 80 potato Shafdan 475 
2001 287 potato Shafdan 420 wheat - - 
2002 251 wheat - - wheat - - 

Total 6179   8802   5875 

 

Table 3. Crop growth and irrigation history of fields watered with saline (contaminated) and fresh water (uncontaminated). 
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Soil salinity was similar at the beginning of the sea-
sons in the plots with a history of saline irrigation and in 
those without such a history down to a depth of 90 cm 
(Fig. 4). Deeper samples revealed higher salinity (ECe 
= 5 dS/m) in fields with a history of saline irrigation 
than in those without such a history (ECe = 2 dS/m). 
At the end of the growing seasons, these differences 
were reduced (Fig. 4). Boron concentration along the 
profile in soils with a history of saline irrigation ranged 
from 1.2 to 2.0 mg/l (Be), substantially higher than the 
B concentration in the soils with no history of saline ir-
rigation, which ranged from 0.3 to 0.5 mg/l. 

Soil depth 
(cm) 

Texture (%) 
Lime (%) 

Cation 
Exchange 
Capacity 

(meq/100g) Clay Silt Sand 

0-30 15.0 5.0 80.0 8.5 6.9 
30-60 17.5 10.0 72.5 11.0 7.7 
60-90 22.5 10.0 67.5 16.2 9.9 

90-120 20.0 17.5 62.5 25.3 8.4 
 

Table 4. Representative values of parameters for soils at Kibbutz Nir Oz, Israel.
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At the end of the season, slightly greater Cl and Na 
were found in plants grown in plots with a history of 
saline irrigation (Table 5). Boron content of plant leaf 
matter in the plots with a history of saline irrigation was 
significantly greater as it reached 150–250 mg/kg dry 
matter compared to 50–90 mg/kg dry matter for plants 
in the plots with no such a history. Vegetative biomass 
production was 21% lower for plots with a history of 
saline irrigation as compared to the other plots. Pod 
yield for peanuts was 38% lower in the plots with a his-
tory of saline irrigation (Table 5). 

Figure 4. Boron concentration and electrical conductivity (EC) in saturated paste from soil sampled at the beginning (left) 
and the end (right) of a growing season.

Table 5. Mineral content in leaves and peanut yield in uncontaminated and contaminated fields.

 
Uncontaminated field Contaminated field 

Boron (mg/kg) 50-90 200-250 

Chloride (%) 0.73-1.70 0.65-2.05 
Sodium (%) 0.09-0.13 0.12-0.22 

Dry matter (g/plant) 66.6 51.2 
Pod yield (ton/h) 44.3 27.6 
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Long-term irrigation with low quality (high salinity, 
high B) water was found to have lasting effects on soil 
chemistry and crop production, due to the residual B in 
the soils. After switching to high-quality water, excess 
irrigation and winter rains caused sodium chloride to 
be leached out of the root zone. Boron, on the other 
hand, adsorbed to soil components (clays and organic 
matter) and remained in the soil at rather high levels. 
This B clearly remained available for plant uptake, and 
led to reduced yields in the peanut crop. 
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       ABSTRACT

The ~22 million ha soils of Pakistan (23° 53՜ to 36° 49՜ N, 61° 15՜ to 74° 50՜ E) 
are predominantly calcareous and low in organic matter. Boron (B) deficiency is 
prevalent in 40–78% areas under field crops causing yield, produce quality and 
economic losses. Boron deficiency is more severe in rainfed than irrigated soils. 
Both hot water extraction and dilute HCl method are used for evaluating B status; 
and locally determined internal B requirement varies from 53 mg kg-1 in cotton 
leaves to 6 mg kg-1  in youngest leaves of rice. Extent and severity of B deficiency 
in crops have been determined and spatial variability of B in soils and crops has 
been mapped. Boron fertilization increases crop yields appreciably (e.g., cotton 
and wheat, 14%; rice, 15–25%) and, thus, is highly cost-effective, more so by foliar 
feeding. Annually applied 0.75–1.0 kg B ha-1 corrects the deficiency; 2–3 foliar 
sprays of 0.1% B solution are also effective. Boron use improves produce quality; 
e.g., rice milling return, head rice recovery and cooking quality. Soil B fertilization 
leaves residual effect for 2–4 crops, and repeated annual applications of 1.0 kg B 
ha-1 in calcareous soils were safe. However, current B fertilizer use in Pakistan is 
negligible, i.e., 92 Mg B per annum compared with potential requirement of 2245 
Mg B per annum. Constraints to B use include stakeholders’ ignorance about 
benefits of B use and inadequate availability of quality B fertilizers.
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1. Introduction 

Boron (B) deficiency is a well-recognized nutritional 
disorder in many countries of the world [1–3], includ-
ing Pakistan [4–6]. The ~22 million ha agricultural soils 
across much of the cultivated areas in Pakistan pertain 
to six soil orders of the US Soil Taxonomy, which, in 
order of their extent, are Aridisol, Entisol, Inceptisol, 
Alfisol, Vertisol and Mollisol [7]. 

The soils were developed of calcareous alluvium and 
loess parent materials. The climate in Pakistan, except 
for in some high mountains in the north of the coun-
try, is mostly arid to semi-arid [7]. Therefore, these 
soils are alkaline (pH, 7.5–8.8), calcareous (CaCO3, 
1.5–13.5%) and are low in organic matter (0.1–1.2%) 
[8]. These soil conditions, coupled with elevated B de-
mand for high yielding crop cultivars and rare use of B 
fertilizer, are conducive to B deficiency in crop plants. 
Torrential rains during monsoon season (i.e., July–Au-
gust) and abundant soil moisture (e.g., in flooded rice 
fields) may cause B leaching beyond the root zone 
while dry surface soils during dry spells during crop 
growing seasons may retard root absorption of B. Bo-
ron deficiency can result in abortion of flower buds/ 

or flowers in crops like cotton and panicle sterility in 
cereals, like wheat [9] and rice [10], and malformed 
seeds (e.g., hollow heart in peanut) [11–12]. Boron 
fertilizer application can alleviate the deficiency. How-
ever, managing B deficiency can become a challenge 
due to the narrow range between its deficiency and 
toxicity [6, 13].

This review addresses B deficiency diagnosis and 
management in field crops in calcareous soils of Paki-
stan.

2. Prognosis/diagnosis of boron deficiency 

Soil testing as well as plant analysis are effective for 
prognosis/diagnosis of B deficiency. Soil testing is 
relatively a more practical and widely used approach 
for predicting B fertilizer need of field crops. Hot water 
extraction (HWE) is the most commonly used test for 
evaluating B fertility status of alkaline soils, like those 
of Pakistan [14]. However, this method is tedious and 
is prone to error. Research in Pakistan has estab-
lished that a simpler, less prone to error and economi-
cal soil test procedure, i.e., 0.05 M HCl  method of 
Ponnamperuma et al. [15], initially designed for acid 
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soils, is equally effective for diagnosing B deficiency 
in calcareous soils (Table 1). Dilute HCl procedure ex-
tracts slightly less soil B than HWE; but there is a good 
agreement between B contents extracted by the two 
methods (R2 = 0.92; P ≤ 0.01; Figure 1). The relation-
ship is: HCl B = 0.855(HWE B) - 0.023 [16–17]. The 
critical level of soil B for deficiency diagnosis is 0.5 mg 
kg-1 by HWE method and 0.45 mg kg-1 by dilute HCl 
procedure [4–5]. However, soil test B levels at which B 
deficiency in crop plants is expected may vary to some 
extent according to soil type and crop species [4].

Boron deficiency in crop plants can be diagnosed effec-
tively by plant analysis. Analysis of B concentration in 
the whole plants (e.g., young whole shoots of cereals) 
or in a specific plant part (like youngest fully expanded 
leaves at bloom stage) can help diagnose whether B 
concentration is below or above an established critical 
B concentration/range for a particular plant species. 
Crop genotypes may vary in their internal B require-
ment; therefore, critical levels for deficiency diagnosis 
were determined for some locally grown crop geno-
types in Pakistan. Critical B levels in diagnostic plant 
parts of locally grown crop genotypes varied between 
species, varieties of the same species, and plant parts 
of the same variety (Table 2). Whereas locally deter-
mined plant analysis diagnostic norms for many field 
crops were not very far from values in the literature, 
the critical B level determined in cotton leaves (without 
petioles), i.e., 53 mg kg-1 [18], was much higher than 
generally listed critical level of 15-20 mg kg-1 [1, 19]. 

In our systematic B indexing of farmer-grown cotton 
crop and extensive field experiments throughout the 
cotton belt in Pakistan spanning over 3 million ha, B 
concentration range in cotton leaves was 27.0–71.0 
mg kg-1 (mean 53.1 mg kg-1) and 50% of cotton fields 
were diagnosed as deficient in B [17–18]. 

3. Extent of boron deficiency in field crops 

In Pakistan, initial crop yield increases with B fertilizer 
were observed in cotton [20] and rice [21]. However, 
B research did not receive due emphasis until mid-
1980s, primarily due to lack of laboratory facilities for 
B analysis, like B-free glassware. Subsequent exten-
sive nutrient indexing surveys of farmer-grown crops 
coupled with greenhouse and field experiments led 
to identification and establishment of B deficiency in 
many crops including cotton [17–18], wheat [22–23], 
rice [10, 24], maize [23], sugarcane [25–26], peanut 
[27–28], sorghum [29] and rapeseed-mustard [14, 30]. 

In nutrient indexing surveys of multiple field crops, 
the soil test B in irrigated alluvial calcareous soils of 
Pakistan was 0.07–2.19 mg kg-1 (mean, 0.64 mg kg-

1) [4, 10, 17] and was much lower in loess-derived, 
rainfed soils of Pothohar plateau in northern Punjab 
province, i.e., 0.10–1.08 mg kg-1 (mean, 0.47 mg kg-1) 
[31]. Boron deficiency problem was diagnosed in 50% 
of irrigated cotton fields in Punjab and Sindh provinces 
[17] and in 55% cultivated fields of the rainfed Potho-
har plateau [31]. Thus, despite greater mining of B by 

Soil test B Correlation Coefficient (r) 
HCl B Rapeseeda Cottonb 

  Leaf B B Uptake Leaf B 
HWE B 0.96** 0.97** 0.84** 0.43** 
HCl B - 0.97** 0.86** 0.46** 

 

Table 1. Relationships between hot water extractable boron, dilute HCl extractable boron and plant B content in calcareous
              soils of Pakistan.

Figure 1.Relationship between HWE B and dilute HCl B in 70 cotton–wheat soils of Rahim Yar Khan district of Punjab province in Pakistan 
(Source: Rafique et al. [17]). 

a Greenhouse-cum-lab incubation study
b Soil test and leaf B in cotton fields of Multan district, Punjab province, Pakistan (n= 75)
Source: Rafique et al. [17]; Rashid et al. [30]
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more biomass producing irrigated crops, B deficiency 
is more severe and slightly more widespread in rainfed 
crops [31]. Multiple nutrient indexing investigations in 
the country have revealed existence of B deficiency 
in 40–78% crop areas under various crops, e.g., irri-
gated wheat, 48%; rainfed wheat, 64%; flooded rice, 
40% [23]; irrigated maize, 50%; irrigated sugarcane 
in Punjab province, 69% [26] irrigated sugarcane in 
Sindh province, 45% [25]; rainfed sorghum, 67% [29]; 
rainfed rapeseed, 57%; rainfed mustard, 78% [30]; 
and rainfed peanut, 50% [27]. Relatively better soil B 
availability in irrigated calcareous soils is attributed to 
B augmentation with irrigated water (e.g., 0.20–0.26 
kg B ha-1 in cotton-wheat system soils [32]) and more 
crop residue recycling in irrigated fields [33].

The 1982-published FAO global study on micronu-
trients had revealed that 49% of the soils sampled 
from Punjab province, 55% soils from Khyber Phakh-
tunkhawa KP province and 62% from Sindh province 
in Pakistan were deficient in B [37]. Soon after this 
revelation, existence of widespread B deficiency was 
verified by soil analyses studies in various parts of the 
country, e.g., during 1986-1988 in 55-89% soils of (KP) 
province [34–35]. During 1990s, a nutrient indexing in-
vestigation of soils in Mansehra and Swat districts of 
KP province (the only small area in the country having 
some mildly acid soils), the extent of soil B deficiency 
was 45% in alkaline soils and 0% in acid soils [36]. This 
clearly revealed that B deficiency problem is of its low 
solubility in alkaline pH environment, rather than low 
total B content in soils. However, soil-plant B status in 
the largest province of Pakistan, i.e., Balochistan, is 
hardly known where soils are highly calcareous and 
predominantly rainfed. 

Up till 2000, in Pakistan B deficiency problem was rec-
ognized only in a few selected crops, like cotton gown 
in Punjab and Sindh province over 3 million ha [4]. 
Subsequent research, however, revealed that B defi-
ciency is even a more serious micronutrient disorder in 

aromatic Basmati varieties of rice as well as in coarse 
grain IRRI type rice cultivars grown in Punjab and 
Sindh [10, 24]. Also, during this period B deficiency 
was established in many additional crops; and the risk 
of B deficiency for crop production is increasing over 
time [38]. Therefore, the need for continued diagnosis, 
delineation of deficient areas, and effective manage-
ment of B deficiency in field crops cannot be overem-
phasized. As B fertilizer use enhances paddy yield to 
the tune of 20–30% and simultaneously improves rice 
grain quality, the positive effects of B fertilization in rice 
are phenomenal. In short, the two milestone develop-
ments, i.e., identification and establishment of B defi-
ciency in cotton and rice crops, have played a major 
role in creating awareness about the importance of 
adequate B nutrition of crops in the country.  

In summary, local experimental evidence [4, 32] has 
adequately established prevalence of B deficiency in 
many field crops. The field crops known to be suffering 
with B deficiency in Pakistan are listed in Table 3. In 
fact, the extent of B deficiency in Pakistan’s field crops 
is not lesser than that of zinc (Zn) deficiency. Rather, B 
deficiency appears to be a more widespread micronu-
trient problem compared with Zn deficiency; the only 
limitation appears to be much less research informa-
tion about B compared with Zn. 

3.1. Soil types and boron deficiency 

In a nutrient indexing investigation of rainfed peanut 
in Pothohar plateau of Pakistan, HWE B in topsoils 
varied with their parent materials, i.e., alluvium, 0.54 
mg kg-1; loess, 0.50 mg kg-1; residuum from sand-
stone, 0.40 mg kg-1; and redeposited loess, 0.26 mg 
kg-1. However, the extent of B deficiency had no rela-
tionship with the parent materials, but was somewhat 
related to the soil types. Amongst the soils belonging 
to Ustochrepts, B deficiency was observed in 50% 
fields of Typic Ustochrepts, 50–75% fields of Aridic Us-
tochrepts, 33–100% fields of Calcic Ustochrepts and 

Table 2. Critical levels of boron in diagnostic plants/plant parts of some locally grown crop genotypes in Pakistan.

Species and cultivar mg B kg-1 DM 
Whole Shoots1 Youngest Leaf2 

Wheat (Triticum aestivum, cv. Pak-81) 4–6 5–7 
Rice (Oryza sativa)  6 
Cotton (Gossipium hirsutum, cvs. many)  53 
Sorghum (Sorghum bicolor Merr.) 
                   cv. Pothohar 
                   cv. PAEC-SS-I 

 
18 
17 

 
31 
25 

Rapeseed (Brassica napus, cv. Shiralee) 32 38 
Mustard (Brassica juncea, cv. BARD-I) 41 49 
Chickpea (Cicer arietinum, CM-72)  493  
Peanut (Arachis hypogaea, cv. BARD-699)  294  
Sunflower (Helianthus annuus) 
                    4-Week 
                    8-Week 

 
46–63 

36 

 

 1 Young whole shoots (<30 cm tall)
2 Youngest fully expanded leaf blade at flowering
3 Youngest leaf
4 Shoot terminals
Source: Rashid and Rafique [18]; Rashid et al. [4]
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83–100% fields of Fluventic Ustochrepts. Similarly, B 
deficiency existed in 50–100% fields belonging to Typ-
ic Haplustalfs, 33% of Typic Ustochrepts and 100% of 
Lithic Torripsamments [27]. According to Bell [39], risk 
of B deficiency can be inferred from soil parent mate-
rial, soil properties (like texture, pH, calcareousness), 
incidence of leaching, rainfall intensity and frequency 
and soil drying. For example, the soils developed on B 
deficient-sedimentary rocks, such as sandstone and 
shale and on granite, are more likely to be deficient 
than the soils developed on basaltic or alluvial par-
ent materials. Clayey soils contain more B than sandy 
soils [40]. 

3.2. Delineation of boron deficient areas

As soils are developed by the action of soil forming 
factors (like wind, water, weather) over parent materi-
als over geological time periods, soil properties and in-
herent nutrient availability are not uniform even across 
short distances. Therefore, spatial variability of B has 
been mapped in irrigated cotton grown over 3 million 
ha areas and rainfed wheat, sorghum, peanut, and 
rapeseed-mustard grown in the 1.82 million ha Potho-
har plateau. In general, soil and plant B maps were 
in good agreement (e.g., Figure 2). In the absence of 
effective soil advisory service, these maps can help 

Figure 2.  Spatial variability soil B in soils and associated cotton leaves within Rahim Yar Khan district, Punjab province (Source: Rafique 
[32]).

Alfalfa (Medicago sativa) Rice (Oryza sativa L.) 

Clovers (Trifolium spp.) Sorghum (Sorghum bicolor) 

Cotton (Gossypium hirsutum) Sugarbeet (Beta vulgaris) 

Maize (Zea mays) Sugarcane (Saccharum efficinarum) 

Mustard (Brassica napus) Sunflower (Helianthus annus) 

Peanut  (Arachis hypogaea) Tobacco (Nicotiana tabaccum) 

Rapeseed (Brassica napus) Wheat (Triticum aestivum).  

 

Table 3. Salient field crops requiring boron fertilizer use in Pakistan.

Source: Adapted from Rashid et al. [4]
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identify areas needing B fertilizer, and also help focus 
future research and development.  

3.3. Boron deficiency in salt-affected soils in 
Pakistan

The FAO global study on micronutrients had observed 
high B in soils of Pakistan, especially in cotton-grow-
ing areas of the countries [37]. However, subsequent 
extensive research carried out throughout the country 
over the past three decades (comprising of nutrient 
indexing of farmer-grown crops and field experimenta-
tion), has rather identified and established B deficiency 
to be a widespread problem in many crops including 
cotton [5, 17, 18]. In fact, contrary to the general per-
ception of high B content in salt-affected soils, Yasin et 
al. [41] observed B deficiency even in the saline and 
saline-sodic soils (EC up to 16.3 dS m-1) of the cotton-
belt in Pakistan as maximum HWE B in these soils 
was 2.2 mg B kg-1 soil. Almost, simultaneously, Aslam 
et al. [42] observed appreciable increases in paddy 
yield with B fertilizer application to salt-affected soils of 

the rice-belt in Punjab province. Thus, so far, B toxicity 
has not been observed anywhere in the country.

4. Managing boron deficiency in field crops 

The prevalence of B deficiency in field crops was 
initially verified by crop responses to B fertilization 
of the B-deficient soils, collected from the respective 
crop growing regions, in pot culture experiments. 
Once reasonable yield increases were observed in 
greenhouse conditions, extensive farmers’ field trials 
were conducted in the respective crop growing regions 
of the country.

Appreciable yield increases both with soil B fertilization 
and foliar sprays of B have been recorded in irrigated 
crops and rainfed crops. The reported yield increases 
in some salient field crops with B fertilizer in field con-
ditions are presented in Table 4. With B fertilization, 
substantial improvement in yield of flooded rice is de-
picted in Figure 3 and of irrigated cotton in Figure 4. 
The salient improvement in yields of field crops with B 

Crop1  B applied 
(kg ha-1) 

Control yield  
(t ha-1) 

Yield 
increase 
(%) 

Value: 
cost 
ratio 

Reference  

Cotton 
1.0–1.5  2.38 14 16:1 Rashid and Rafique 18]; 

Rafique [32] Foliar B 2.38 13 25:1 
Rice 
    cv. Basmati 0.75–1.0  3.04 18–25 38:1 Rashid et al. [10] 
    cv. IR-6 1.0 4.34 15–30 36:1 

Wheat 0.75–10  2.58 14 4:1 Rafique [32];  
Rashid et al. [44] 

Maize 1.0  5.20 12 7:1 Rafique [23] 
Potato Foliar B 17.10 10 9:1 Rafique [23] 

Peanut 1.0  1.77 23 11:1 Rashid et al. [27];  
Rafique et al. [28] 

 

Table 4. Yield increases and profitability of B fertilization in some field crops.

Figure 3. Substantial improvement in paddy (cv. Super Basmati) yield with B use in a calcareous rice soil of Pakistan (Source: Rashid et 
al. [10]).

1 All crops were irrigated, except for peanut
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fertilizer use were: flooded rice, 15-25%; irrigated cot-
ton, 14% (Figure 5); irrigated maize, 12-20%; rainfed 
wheat, 14%; and rainfed peanut, 23% (Table 4). Both 
soil fertilization and foliar feeding of B were almost 
equally effective in curing B deficiency. Whereas soil 
application costs a little more, it leaves beneficial re-
sidual effect for subsequent crop(s). Foliar feeding of 
B is relatively more cost-effective but is a practical op-
tion only for high-value/special field crops, like cotton, 
requiring sprays of pesticide – foliar sprays of B are 
effective when made in combination with pesticides. 
In general, 0.75–1.0 kg B ha-1 or 2–3 foliar sprays of 
0.1% B solution are adequate to cure B deficiency in 

field crops. Boron fertilization reduces flower shedding 
and/or panicle sterility, as shown for rice in Figure 6; it 
also improves fruit number and fruit size (e.g., in cot-
ton, Table 5). These attribute improvements with B fer-
tilization result in crop yield increases.

In accordance with the literature, we also experienced 
evident genotypic difference to B deficiency (e.g., Fig-
ure 7; Rashid et al. [30]).

Contrary to the general belief that B deficiency in field 
crops reduces grain-setting more than vegetative 
growth (e.g., Rerkasem and Jamjod [9, 43]), in our 

Figure 4. Improvement in cotton productivity with B use in a calcareous soil of Pakistan (Source: Rafique [32]).

Figure 5. Relationship between B fertilizer rate and seed cotton yield (maximum yield: 1994-95, 2970 kg ha-1; 1995-96, 2706 kg ha-1; 
1996-97, 1995 kg ha-1) (Source: Rashid and Rafique [18]).
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Figure 6. Alleviation of rice panicle sterility and post-harvest shedding by using B in a calcareous soil of Pakistan 
(Source:Rashid et al. [10]). 

Crop year 
Boll weight (g boll-1) Bolls per plant 

Control +B Control +B 

1994-95 3.54 3.90 22 28 

1995-96 3.46 3.66 29 32 

1996-97 3.41 3.54 24 27 

1997-98 3.18 3.30 20 22 

Mean  3.40 3.60 24 27 

 

Table 5. Boron nutrition and cotton fruit setting.

Figure 7. Differential susceptibility of rapeseed genotypes to boron deficiency in a calcareous soil of Pakistan (Source: Rashid et al. [30]). 

Source: Rashid and Rafique [18]
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experience this was not true in case of some field 
crops grown in B deficient calcareous soils, like wheat 
[44], rapeseed [14, 29] and rice. Contrarily, because 
of B deficiency in rice, reduction in straw biomass 
production was more compared with reduction in 
paddy yield (Rashid et al. [10, 45]).

Appreciable yield increases with B fertilization in ex-
tensive field experiments throughout the country have 
adequately established that B fertilizer use is highly 
profitable in a variety of field crops, more so as foliar 
feeding. As fertilizer B dosage for correcting B defi-
ciency is very small and crop yields with B application 
are appreciable, use of B fertilizer is highly cost-effec-
tive i.e., value-cost ratios are 16:1 in cotton and 30:1 
in rice (Table 4). 

It is worth emphasis that on soils low in B, there may 
be limited or no benefit of B fertilizer use if other ma-
jor constraints are limiting production. For example, 
deficiencies of nitrogen (N), phosphorus (P) and/or 
potassium (K) may mask the consequences of low 
soil B level. Bell et al. [46] observed that, across 15 
B-responsive sites in Thailand, there was only a weak 
yield increase with B fertilizer alone. At the same sites, 
with basal fertilizers applied, B response was much 
greater. On the other hand, fertilizer B use not only 
enhances crop yields but also improves/optimizes use 
efficiency of other farm inputs, including N, P, and K 
fertilizers. Thus B use brings substantial indirect eco-
nomic benefits as well. 

5. Produce quality improvements with boron 
fertilization

Boron fertilizer use not only enhances crop yield but, in 
many instances, quality of the crop produce also gets 
improved. A salient experience in Pakistan is an ap-
preciable improvement in milling and cooking quality 
of rice with fertilizer B use. In extensive rice field ex-
periments on cvs. Super Basmati, Basmati-385, KS-
282, and IR-6, carried out by National Agricultural Re-
search Center, in rice belt of the Punjab and in Sindh, 

B use not only enhanced paddy yields, substantially 
(Table 4), but also increased kernel milling recovery 
and head rice recovery as well as improved cooking 
quality traits, i.e., increased elongation upon cooking, 
reduced bursting upon cooking and reduced stickiness 
upon cooking (Table 6). Rice quality improvement with 
better B nutrition of plants is attributed to better grain 
filling and uniform crop maturity [10, 24]. 

6. Residual and cumulative effect of boron 
fertilization

Application of B fertilizer to irrigated calcareous soils 
left beneficial effect on one to three subsequent crops. 
Also, B fertilizer use in every alternate crop in various 
cropping systems proved safe and beneficial. 

In permanent layout field experiments on cotton-
wheat, maize-potato and rice-wheat cropping sys-
tems, B fertilization, @ 1.0 kg ha-1, resulted in 8–10% 
yield increases of the first cotton and maize crops and 
25% yield increase of the first rice crop. Residual fertil-
izer B increased yield of one subsequent crop in case 
of cotton-wheat and maize-potato systems (by 5–7% 
over control yields; Table 7) and of three subsequent 
crops in rice-wheat system (up to 22% of rice and by 
12% of wheat). Effect of residual fertilizer B on produc-
tivity of all subsequent crops was negligible (Table 7). 

In determining effect of repeated B fertilizer use, B 
application to every alternate crop each year also in-
creased yield of each crop appreciably in all cropping 
systems, throughout the experimental periods (Table 
7). Repeated B fertilization also led to mild build-up of 
soil B, i.e., by 0.05–0.06 mg kg-1 soil; thus, maximum 
observed soil B even after harvest of the last crops 
in all cropping systems was quite lower than the gen-
erally suggested critical level for deficiency, i.e., 0.5 
mg kg-1. As generally suggested toxicity level for most 
crops is 3.5 mg B kg-1 soil, annual repeated applica-
tions of the recommended 0.75–1.0 kg B ha-1 to every 
alternate crop for many more years is not expected to 
cause B toxicity. 

Grain characteristic Basmati-385 Super Basmati 
Control + B Control + B 

Total Milled Rice (%) 71.1 73.1 70.4 72.0 
Head Rice (%) 54.3 57.6 52.9 56.5 
Kernel Thickness (T) (mm) 1.52 1.53 1.53 1.54 
Kernel Lengh:Breadth 4.13 4.15 4.56 4.53 
Quality Index (Length/BreadthxTickness) 2.70 2.69 2.97 2.94 
Elongation Ratio upon Cooking 1.94 1.98 1.97 2.00 
Bursting upon Cooking (%) 11 8 10 7 
Alkali Spreading (Score 1–7)a 4.5 4.8 4.7 5.0 
 a Alkali spreading value: 4–5 score = Intermediate G.T. type rice

Source: Rashid et al. [10, 24]

Table 6. Rice quality improvement with boron use in calcareous soils of Pakistan.
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Boron fertilizer uptake by the first crop in all cropping 
systems varied from 1.7 to 4.4% of the applied B dose. 
As total quantity of un-utilized B fraction is not fixed 
irreversibly in the soil, B fertilization leaves beneficial 
residual effect on subsequent crop(s). Boron fertilizer 
is known to leave longer residual effect in silty and clay 
soils compared with sandy soils. Thus, B application 
in medium to heavy textured soils @ 1.0 kg ha-1 is ex-
pected to be effective for 2–4 crop seasons. 

Our permanent layout field studies in Pakistan also re-
vealed that repeated B applications to one crop every 
year raised soil B status mildly, presumably because of 
high B fixation capacity of the calcareous soils. As un-
wanted repeated application of B fertilizer may result 
in soil B buildup to toxic level, periodic soil testing is 
suggested to monitor soil B status as a consequence 
of fertilization. 

As uptake of B fertilizer by the first crop is very low 
(~2.0–3.0%), soil B fertilization leaves appreciable 
residual effect for subsequent crops in the rotation. 
Yearly application of a safe dose of 0.75–1.0 kg B ha-1 
in calcareous soils, over four years, did not prove toxic 
to cotton, rice and wheat crops. However, current B 
use in the country is negligible. As enhanced B fertil-
izer use in Pakistan will increase farmer income and 
national economy, B fertilizer availability (especially as 
B-fortified fertilizers) in time and space warrants im-
provement. 

7. Potential and actual boron fertilizer use in 
Pakistan

Current use of B fertilizer in Pakistan is negligible, i.e., 
~92 Mg B per annum [38]. According to a recent esti-
mate by Rashid et al. [38], potential fertilizer B require-
ment in the country for all crops, i.e., field crops, veg-
etables and fruits is about 2245 Mg B per annum. Out 
of this, 1980 Mg B per annum pertains to field crops. 
Thus, current use of B fertilizer is negligible compared 
with actual requirement. As B fertilizer use is highly 

profitable (Table 4), a more effective technology trans-
fer program can enhance its use. In 2017, Rashid et 
al. [38] have postulated that, with an enabling envi-
ronment, annual fertilizer B off take for field crops is 
expected to escalate to 396 Mg after two year, 594 Mg 
after four years, 792 Mg after 6 years, 891 Mg after 
8 years, and 990 Mg after 10 years. As cotton crop 
is more remunerative and yield increases in rice are 
phenomenal, faster B fertilizer adaptability is expected 
in these crops [38]. 

In Pakistan, predominant constraints to B use include 
farmers’ ignorance about the need and benefits of 
B fertilizer use, difficulty in access to quality B fertil-
izer products, and application problems (e.g., difficulty 
in uniform field distribution of small quantities of B 
products and preparation of spray solutions). Unless 
genuine constraints on the part of small landholder re-
source-poor farmers are addressed adequately, wide-
scale adoption of B fertilizer use is not promising.  

8. Research and development needs

Though B research over the past three decades has 
generated quite valuable information, still a lot remains 
to be learnt for formulating sound strategies for attain-
ing adequate B nutrition of crop plants. The areas re-
quiring R&D emphasis include: monitoring B status 
of soils and crops in the left over geographical areas 
(like Balochistan and Sindh provinces) and cropping 
systems (like fruit orchards and vegetables); study 
feasibility of B fertigation in fruits, vegetables and high 
value crops; study residual and cumulative effects of 
B use in various cropping systems and fruit orchards; 
and investigate the role of B in plant, animals, and hu-
man health continuum.

The development activities needed to realize benefits 
of research information include: improving soil organic 
matter through integrated plant nutrient management; 
improving availability of B fertilizer products, prefer-
ably as B-fortified fertilizer formulations; and extensive 

B applied 
(kg ha-1) 

Year-I Year-II Year-III Year-IV 
Seed Cotton/Grain Yield (Mg ha-1) 

 Cotton Wheat Cotton Wheat Cotton Wheat Cotton Wheat 
Control 2.02 3.31 2.15 3.18 1.90 3.02 2.30 3.34 
1.0  (1st cotton 
crop only) 

2.22 
 

3.54 
 

2.24 
 

3.24 
 

1.92 
 

3.04 2.34 3.25 

1.0 (every 
cotton crop) 

2.22 
 

3.54 
 

2.41 
 

3.43 
 

2.15 
 

3.32 
 

2.56 
 

3.54 
 

 Grain/Tuber Yield (Mg ha-1) 
 Maize Potato Maize Potato Maize Potato Maize Potato 
Control 7.51 18.29 7.10 19.21 6.52 18.84 6.84 17.91 
1.0 (1st maize 
crop only) 

8.11 
 

19.20 
 

7.31 
 

19.42 
 

6.40 18.77 6.92 17.50 

1.0 (every 
maize crop) 

8.11 
 

19.20 
 

7.74 
 

20.36  7.04 
 

19.59 
 

7.17 
 

19.97 
 

 

Table 7. Residual and cumulative effect of soil-applied B on productivity of cotton-wheat and maize-potato systems in calcareous soils 
              (mean data of 2 field sites).

Source: Rafique [23, 32]
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field demonstrations of beneficial impact of B fertilizers 
on crop yield and profitability.  

9. Conclusions

Boron deficiency in field crops grown in calcareous 
soils is a serious nutritional disorder causing yield, 
produce quality and economic losses. The 0.01 M HCl 
test can reliably predict fertilizer needs in calcareous 
soils; analysis of diagnostic plant part at right growth 
stage can also determine B status of crop plants. The 
deficiency is corrected by B fertilization in a highly 
cost-effective manner; both soil application (@ 0.75–
1.0 kg B ha-1) as well as 2–3 foliar sprays of 0.1% B 
solution is effective. Soil application leaves a benefi-
cial residual effect on three succeeding crops in rice-
wheat system and on one crop in all upland cropping 
systems like cotton-wheat and maize-potato rotations. 
However, current B fertilizer use is far less than actual 
requirements. Therefore, improvements in availability 
of B fertilizer technology transfer are warranted.
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ABSTRACT
Evidence that boron is a beneficial bioactive trace element is substantial. The 
evidence has come from numerous laboratories that have use a variety of 
experimental models, including humans. In nutritional amounts, boron promotes 
bone health and brain function, modulates the immune or inflammatory response, 
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Increased intakes of boron through consuming fruits, vegetables, nuts, and pulses 
should be recognized as a reasonable dietary recommendation.
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1. Introduction

Boron has been shown to be essential for the comple-
tion of the life cycle (i.e., deficiency cause impaired 
growth, development, or maturation such that procre-
ation is prevented) for organisms in all phylogenetic 
kingdoms [1]. In the animal kingdom, deprivation of 
boron was shown to adversely affect reproduction and 
embryo development in both the African clawed frog 
(Xenopus laevis) and zebra fish [2, 3]. Experiments 
with mammals have not shown that the life cycle can 
be interrupted by boron deprivation, nor has a definite 
biochemical function been defined for it. However, 
substantial evidence has been reported indicating that 
boron in nutritional and supra nutritional amounts has 
numerous diverse effects beneficially affecting the 
health and well-being of animals and humans.  Since 
2008, the focus of most reports has been on boron 
beneficially affecting bone growth and maintenance 
and the modulation of oxidative and inflammatory 
stress, which ultimately affect the susceptibility to and/
or severity of pathological conditions such as arthritis, 
cardiovascular disease, osteoporosis and cancer.         

2. Health effects  

2.1. Bone growth and Maintenance

The first report indicating that boron could beneficially 
affect bone health appeared in 1981 [4]. Boron depri-
vation was found to exacerbate gross bone abnormali-
ties in chicks fed marginal amounts of vitamin D. In 
1994, Hunt et al [5] reported that boron deprivation 

decreased chondrocyte density in the zone of prolif-
eration of the bone growth plate in chicks. Boron de-
privation was reported to decrease bone strength in 
pigs [6] and rats [7] in 2000 and 2004, respectively. In 
2008, boron deprivation (0.7 vs. 3 mg/kg diet) in rats 
was reported to decrease the repair of alveolar bone 
(primary support structure for teeth) that is initiated im-
mediately after tooth extraction [8]. The osteoblast sur-
face was decreased and the quiescent bone-forming 
surface was increased in the alveolus. Boron depriva-
tion also was found to decrease alveolar bone forma-
tion without tooth extraction in mice [9]. Boron depriva-
tion decreased the osteoblast surface and increased 
the quiescent bone-forming surface in both the lingual 
and buccal sides of periodontal alveolar bone. Con-
sistent with these findings were the findings that boric 
acid supplementation (3 mg/day for 11 days or 15 mg /
day for 15 days) inhibited alveolar bone loss in rat peri-
odontitis models [10,11], and 3 mg boron gavage/kg 
body weight/96 hours increased alveolar bone mineral 
density in rabbits fed a high-energy diet [12].  

Since the findings above, over 20 reports have ap-
peared indicating that boron can beneficially affect 
bone growth and maintenance. Cell culture studies 
have been prominent in these reports. They have 
shown that boron enhances osteogenic differentiation 
of human tooth germ stem cells [13] and bone marrow 
stromal cells [14], differentiation and osteogenic abil-
ity of differentiated bone marrow mesenchymal stem 
cells [15], and differentiation and gene expression of 
pre-osteoblastic cells and osteoblasts [16, 17]. 
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Mineralized tissue genetic expression and biochemi-
cal changes found in the cell culture studies include 
increased mRNA expression of type 1 collagen, os-
teopontin, bone sialoprotein, osteocalcin and RunX2 
in osteoblasts treated with 1 and 10 mg/mL boron vs. 
controls not receiving boron [16]. The boron treat-
ments also increased bone morphogenetic proteins 4, 
6, and 7 levels. Subsequent reports also found that 
boron supplementation of cultured cells increased the 
genetic expression of osteocalcin, collagen type 1, 
vascular endothelial growth factor, RunX2, and bone 
morphogenetic protein 7 [13, 14, 17]. In addition, the 
boron supplementation increased bone alkaline phos-
phatase activity [13, 14]. 

Modification of bioactive glasses, which is used for 
bone tissue engineering and regeneration, to contain 
boron also indicates that this element has beneficial 
bioactivity in bone. This modification enhances bone 
formation [17-20]. Some of this beneficial activity has 
been attributed to increasing osteoblast gene expres-
sion of alkaline phosphatase, osteocalcin, collagen 
type 1, RunX2, and bone sialoprotein in osteoblasts 
[17, 20]. Another reported suggestion is that boron 
enhances angiogenesis (blood vessel formation) criti-
cal for wound repair and tissue engineering.  Ionic 
dissolution of borosilicate bioactive glass resulting in 
stimulated umbilical vein endothelial cell proliferation 
and migration associated with phosphorylation of ex-
tracellular signal-related kinase ½, focal adhesion ki-
nase, and p38 protein was attributed to the release of 
boron [21]. Boron from ionic dissolution of bioactive 
glass also was assessed as the factor that promoted 
angiogenesis in embryonic quail chorioallantoic mem-
brane [22].

Supra nutritional or pharmacological intakes of bo-
ron also have been found to beneficially affect bone. 
These intakes have been found to stimulate bone for-
mation induced by orthopedically expanded suture in 
rabbits [23], improve fracture healing in rats [24], and 
increase tibia bone density in ostrich chicks [25]. 

A recent supplementation study supports the conten-
tion that boron has beneficial effects on bone in hu-
mans. Six mg of boron as calcium fructoborate, a natu-
rally occurring complex commonly found in fruits and 
vegetables, was incorporated into margarine and fed 
to 100 patients with osteoporosis for six months [26].  
Bone density was improved in 66 of the patients. This 
finding indicates that more studies are needed to de-
termine whether boron intake can be a factor affecting 
bone health in humans.  

2.2. Modulation of inflammatory and oxidative 
stress

In 1990, the first indication that boron could affect in-
flammatory and oxidative stress appeared [27]. In a 
double-blind study, 15 individuals with confirmed os-

teoarthritis, which is associated with chronic inflamma-
tion, were given either a supplement of six mg of bo-
ron or placebo daily for eight weeks. Five of the seven 
subjects consuming the boron supplement reported 
improved subjective measures such as less pain on 
movement and less swelling of their arthritic joints and 
less use of analgesic pain relievers. Only one of eight 
subjects consuming the placebo reported improve-
ment of their arthritic condition. Similar results were 
described in a 2009 report describing the effect of a 
daily boron supplement of 6 mg/day as calcium fruc-
toborate on subjective measures of mild, moderate, 
or severe osteoarthritis in 20 subjects [28]. After eight 
weeks of supplementation, 80% of the mild or moder-
ate arthritic individuals reported reduced or eliminated 
use of pain killers. In addition, joint rigidity essentially 
disappeared and mobility was markedly increased. 
These findings, however, were weakened by the non-
blinding to treatment and lack of placebo controls.

Early animal studies also indicated that boron inhibits 
inflammatory stress such as that found in arthritic con-
ditions. Feeding a supplemental 2 mg boron/kg diet 
decreased the swelling and the onset of induced ar-
thritis in rats fed a diet containing 0.1 mg boron/kg [29, 
30]. Supplementing 5 mg boron/kg to a diet containing 
2 mg boron/kg decreased the skinfold thickness re-
sponse to an intradermal injection of phytohemagglu-
tinin in pigs [31]. The boron-supplemented pigs also 
had increased serum concentrations of the inflamma-
tory cytokine tumor necrosis factor-α (TNF-α) [32].

Since 2008, over 25 reports have appeared indicating 
that boron can modulate the response to inflamma-
tory and oxidative stress. These reports have involved 
studies with animals and cells with induced oxidative 
stress and supplementation and epidemiological stud-
ies of individuals with elevated oxidative and inflam-
matory stress.

Among the cell culture studies are those showing that 
boric acid inhibited lipopolysaccharide (LPS)-induced 
TNF-α formation through a thiol-dependent mecha-
nism in human monocytic leukemia THP-1 cells [33]; 
calcium fructoborate decreased interlukin-1β (IL-1β) 
and interlukin-6 (IL-6) release by LPS-stimulated 
murine macrophage RAW 264.7 cells [34]; borate in-
hibited micronucleus and sister chromatid exchange 
formations induced by aflatoxin B1 [35]; boric acid pro-
vided protection against the induction of DNA strand 
breaks and micronuclei by lead and cadmium toxicity 
[36]; and boric acid protected chromosome structure 
in human primary alveolar epithelial cells treated with 
nicotine [37] . 

Among the animal studies are those showing that bo-
ric acid  increased the anti-oxidant capacity of spleens 
in rats [38]; boric acid had anti-oxidant action that pre-
vented damage to membranes of the cerebral cortex 
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of rat pups induced by alcohol treatment of dams [39]; 
boric acid inhibited lipid peroxidation induced by arse-
nic trioxide in rats [40]; and boron increased serum to-
tal anti-oxidant activity, and hepatic expression of both 
Cu-Zn superoxide dismutase and Mn-superoxide dis-
mutase mRNA in in rats injected with sheep red blood 
cells in the footpad [41].

The cell and animal studies showing boron has anti-in-
flammatory and anti-oxidant activities support the find-
ings indicating boron has similar actions in humans. 
In a 2011 report [42], 60 individuals with primary os-
teoporosis were divided into groups of 15 and supple-
mented with a placebo or boron at 3, 6, or 12 mg daily 
as calcium fructoborate for 15 days in a double-blind 
fashion.  When compared to the placebo group, all bo-
ron-supplemented individuals grouped together exhib-
ited improved inflammation biomarkers of C-reactive 
protein (CRP), fibrinogen, and erythrocyte sedimenta-
tion rate. The strength of this anti-inflammatory effect 
of boron was weakened by the shortness of supple-
mentation and the lack of an indication of the boron 
status of the individuals, such as boron dietary intake 
or plasma concentration, at the start of the study.  
However, some of the individuals may have had a low 
boron status because, in another study, the mean se-
rum boron concentration was significantly lower in 43 
individuals with knee osteoarthritis than in 18 healthy 
controls [43]. Serum boron negatively correlated with 
the duration and severity of the osteoarthritis. Also, 
mean sedimentation rate and white blood cell count 
were higher in osteoarthritic individuals than controls. 
Rheumatoid arthritis also is characterized by chronic 
inflammation. In a cross-sectional study the mean se-
rum boron concentration was significantly lower in 107 
patients with rheumatoid arthritis than in 214 controls 
matched in age and sex [44]. 

Two studies have found that boron supplementation 
reduced CRP in individuals with serum CRP concen-
trations greater than 3.0 mg/L, which is considered 
an indicator of chronic inflammatory stress. In a ran-
domized, double-blind, parallel clinical trial, boron 
supplemented at 6 mg/day as calcium fructoborate 
significantly decreased elevated  CRP in 29 patients 
with stable angina pectoris, while 29 patients without 
supplementation showed no change at both 30 and 60 
days [45]. In another double-blind, placebo-controlled 
clinical study, groups of 26-28 healthy individuals with 
mean serum concentrations greater than 3.0 mgl/L 
were given a placebo or supplemented with boron at 
either 3 or 6 mg/day as calcium fructoborate for 30 
days [46]. Compared to the placebo group, both boron 
supplementations significantly reduced serum con-
centrations of CRP, IL-6, and monocyte chemoattrac-
tant protein-1.  

Because inflammation and oxidative stress also has 
been associated with the risk for cancer, recent find-

ings showing an association between low boron status 
and some cancers might be related to anti-inflamma-
tory and antioxidant bioactivity of boron [47]. In 2004, 
an epidemiological study found an inverse associa-
tion between dietary boron and prostate cancer [48]. 
Subsequently, reports have described the inhibitory 
effect of boron on the growth or proliferation of some 
types of cultured prostate cancer cells [49-51]. Boron 
supplementation also was found to decrease growth 
and mitotic figures in human prostate adenocarcinoma 
tumors in nude mice [52].  

Boron also has been inversely associated with other 
forms of cancer. Cervical smears from 587 women with 
a mean boron intake of 1.26 mg/day found 15 cases 
with cytopathological indications of cervical cancer, 
but none was found in 472 women with a mean boron 
intake of 8.41 mg/day [53]. In a study of 763 women 
with lung cancer and 838 matched controls, boron was 
inversely associated with the incidence of lung cancer 
[54]. Boron was found to inhibit the proliferation of cul-
tured breast cancer cells in a dose-dependent manner 
[55].  

2.3. Central vervous system function

Findings showing that nutritional intakes of boron have 
beneficial effects on central nervous system function 
are among the most supportive of the concept that bo-
ron is a beneficial bioactive trace element for humans. 
In the 1990s, boron supplementation after deprivation 
under well-controlled dietary conditions resulted in 
electroencephalograms indicating improved behavior 
activation (e.g., less drowsiness and increased mental 
alertness) in men and women [56, 57]. Psychomotor 
skills of motor speed and dexterity, and cognitive pro-
cesses of attention and short term memory were also 
improved. Unfortunately, no further studies of these ef-
fects of boron have been reported.

Limited studies with animal models have supported the 
human central nervous system findings. Early studies 
with rats found that boron deprivation affected brain 
electrical activity in a manner similar to nonspecific 
malnutrition and heavy metal toxicity [58].  Boron-de-
ficient zebrafish were found to develop photophobia, 
which apparently was caused by photoreceptor dys-
trophy [59]. More recently, boron-deprived rats were 
found to be less active than boron-supplemented rats 
based on variables determined in a spontaneous ac-
tivity evaluation [60].

3. Mechanisms of action 

The diverse beneficial effects reported for boron as 
summarized in Table 1 have made it difficult to deter-
mine the primary mechanisms of action for its bioactiv-
ity. The diverse responses are probably secondary to 
boron influencing a cell signaling system, or the for-
mation and/or activity of an entity that is involved in 
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many biochemical processes. The biochemistry of bo-
ron may be indicating the possible basis for its bioac-
tivity. Boric acid forms ester complexes with hydroxyl 
groups of organic compounds [61]. This preferably oc-
curs when the hydroxyl groups are adjacent and in the 
cis orientation. This property results in the formation of 
complexes with several biologically important sugars, 
including ribose [61].

Ribose is a component of adenosine. Some of the di-
verse actions of boron could occur through its reac-
tion with biomolecules containing adenosine or formed 
from adenosine precursors. These compounds in-
clude S-adenosylmethionine (SAM) and diadenosine 
phosphates that have higher affinities for boron than 
any other recognized boron ligand in animal tissues 
[62]. Diadenosine phosphates are present in all ani-
mal cells and function as signal nucleotides associ-
ated with neuronal response. S-Adenosylmethionine 
is one of the most frequently used enzyme substrates 
in the body.  About 95% of SAM is used in methylation 
reactions, which influence the activity of DNA, RNA, 
proteins, phospholipids, hormones, and transmitters.

Support for the suggestion that boron beneficial 
bioactivity may be associated with SAM is the finding 
that the bacterial quorum-sensing signal molecule, 
auto-inducer-2 (AI-2), is a furanosyl borate ester 
synthesized from SAM [63]. Quorum-sensing is 
the cell-to-cell communication between bacteria 
accomplished through the exchange of extracellular 
signaling molecules (auto-inducers). Support also 
is provided by the finding that boron deprivation 
increased plasma homocysteine (formed from SAM) 
and decreased liver SAM in rats [64]. High circulating 
homocysteine and depleted SAM have been implicated 
in many of the disorders suggested to be affected by 

nutritional intakes of boron, including osteoporosis, 
arthritis, cancer, diabetes, and impaired nervous 
system function.

Boron also strongly binds oxidized nicotinamide ad-
enine dinucleotide (NAD). Thus, boron could influence 
reactions in which oxidized NAD is involved. One role 
of oxidized NAD is binding to the plasma membrane 
receptor CD38, which is an adenosine diphosphate 
(ADP) ribosyl cyclase that converts oxidized NAD to 
cyclic ADP ribose.  Cell culture studies show that bo-
ron in physiological concentrations binds to and is a 
reversible inhibitor of cyclic ADP ribose [65]. Cyclic 
ADP ribose is released intracellularly and binds to 
the ryanodine receptor, which results in the release of 
Ca2+ from the endoplasmic reticulum and thus lowers 
its Ca2+ content. Low endoplasmic reticulum Ca2+ can 
induce endoplasmic stress which activates the eukary-
otic initiation factor 2α (eIF2α) and increases activat-
ing transcription factors 4 (ATF4) and 6 (ATF6) [65, 
66]. The increase in ATF6 induced by boron increases 
the expression of downstream genes binding immuno-
globulin protein (BiP), calreticulin, endoplasmic reticu-
lum degradation enhancer mannosidase (EDEM), and 
GR94 [51]. ATF4 and BiP are involved in osteogen-
esis, calreticulin is required for tumor suppressor p53 
function, and Bip and EDEM prevent the aggregation 
of misfolded opsins that leads to retinal degeneration 
[51]. As indicated above, low boron status has been 
associated with impaired bone formation and mainte-
nance, increased cancer risk, and retinal degenera-
tion.

Another hypothesized mechanism through which boron 
is bioactive is the formation of diester borate complex-
es with phosphoinositides, glycoproteins, and glycolip-
ids, which contain cis-hydroxyl groups, in membranes 

Beneficial action Health impact Supporting references 
Anti-Inflammatory/Anti-0xidant Osteoporosis 

Osteoarthritis 
Oxidant Stress Pathology 
Inflammatory Stress Pathology 
Cancer 

26 
27-30 
33-41 
42-46 
47-52 

Cell Membrane Function Embryo development 
Central Nervous System Function 

3 
59 

Gene Expression/Enzyme Activity Bone growth/development 
Angiogenesis 

5-20, 65-66 
21-22 

Hormone Facilitator 
   Estrogen    
   Insulin 
   Progesterone 
   Thyroid Hormone 
   Vitamin D 

 
Bone Health 
Energy metabolism 
Reproduction 
Energy Utilization 
Bone growth/structure 

 
72-75 
46, 76 
2 
2, 31, 46, 70 
4, 69 

S-Adenosylmethionine Function Cardiovascular disease 
Bone Health 

62, 63 
62, 63 

Signal Transduction Modulator Central Nervous System Function 
Hormone and Ca2+ Action 

56-58, 60, 62 
63, 68 

 

Table 1. Diversity of Beneficial Bioactivity of Boron
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[67]. These diester borate polyl complexes could act 
as calcium chelators and/or redox metabolism modi-
fiers that affect membrane integrity and function. The 
finding that the borate transporter NaBC1, which ap-
parently is essential for boron homeostasis in animal 
cells [68], conducts Na+ and OH- across cell mem-
branes in the absence of boron supports the sugges-
tion that boron affects the transduction of regulatory 
ions across cell membranes. Modification of cell mem-
brane integrity and function may partly responsible for 
the findings that boron can influence animal and hu-
man responses to some hormones, including vitamin 
D (4, 5, 69) thyroid hormones [2, 31, 70], progesterone 
[71], estrogen [72-75], and insulin [76]. 

Boron also might affect health through increasing the 
abundance of the quorum sensing AI-2 in the microbi-
ome.  Recently, it was found that increasing the amount 
of AI-2 in the gut of antibiotic-treated, mice help rein-
state the populations of beneficial bacteria [77].

3.1. Beneficial intakes

Both animals and humans deprived of boron exhibit 
beneficial responses to intakes of boron that may 
be achieved through dietary means or in nutritional 
amounts.  In human depletion-repletion experiments, 
participants responded to a 3 mg/day boron supple-
ment after consuming a diet supplying boron at only 
0.2-0.4 mg/day [56, 57, 78].  There is a report that 
about 1 µg boron/g diet meets the needs of most all 
chicks [79].  Using an assumption that humans may 
consume 500 g diet per day, this animal study sug-
gests a boron intake of at least 0.5 mg/day would be 
beneficial to many individuals, and this is consistent 
with the human studies. The human and animal find-
ings were used to arrive at a mean population boron 
intake of 1.0 mg/day to meet the normative needs 
of adults [80]. Thus, achieving a boron intake of 1.0 
mg/day should provide optimal beneficial activity in 
healthy adults. Higher amounts might be beneficial 
in individuals with pathological conditions associated 
with chronic inflammatory and oxidative stress.

Boron is relatively non-toxic food component. The safe 
upper intake level (UL) of boron in the United States 
and Canada has been set at 20 mg/day [81]. The 
World Health Organization first suggested that 13 mg/
day would be a UL [80], but later increased this to 0.4 
mg/kg body weight or about 28 mg/day for a 70 kg per-
son [82]. The European Union established an UL for 
total boron based on body weight that results in about 
10 mg/day for adults [83].

An intake of 1.0 mg/day can be easily achieved by 
consuming foods of plant origin. Foods rich in boron 
include fruits, leafy vegetables, nuts, legumes, and 
pulses [84, 85]. Beverages based on fruits and grains, 
such as wine, beer and cider are also good sources of 
boron.   

References

[1] Hunt C. D., Dietary boron: Evidence for essentiality 
and homeostatic control in humans and animals, Ad-
vances in Plant and Animal Boron Nutrition, Springer, 
Dordrecht, The Netherlands, pp. 251-267, 2007.

[2] Fort D. J., Rogers R. L., McLaughlin D. W., Sellers 
C. M., Schlekat C. L., Impact of boron deficiency on 
Xenopus laevis,  A summary of biological effects and 
potential biochemical roles,  Biol. Trace Elem. Res., 90, 
117-142, 2002.

[3] Rowe R. I., Eckhert C. D., Boron is required for zebraf-
ish embryogenesis, J. Exp. Biol., 12, 221-233, 1999.

[4] Hunt C. D., Nielsen F. H., Interaction between boron 
and cholecalciferol in the chick, Trace Element Metab-
olism in Man and Animals, TEMA-4, Australian Acad-
emy of Science, Canberra, Australia, pp. 597-600, 
1981.

[5] Hunt C. D., Herbel J. L., Idso J. P., Dietary boron modi-
fies the effects of vitamin D3 nutriture on indices of en-
ergy substrate utilization and mineral metabolism in the 
chick, J. Bone Miner. Res., 9, 171-181, 1994.

[6] Armstrong T. A., Spears J. W., Crenshaw T. D., Nielsen 
F. H., Boron supplementation of a semipurified diet 
for weanling pigs improves feed efficiency and bone 
strength characteristics and alters plasma lipid metab-
olites, J. Nutr., 139, 2575-2581, 2000. 

[7] Nielsen F. H., Dietary fat composition modifies the ef-
fect of boron on bone characteristics and plasma lipids 
in rats,  BioFactors, 20, 161-171, 2004. 

[8] Gorustovich A. A., Steimetz T., Nielsen F. H., Gugliel-
motti M. B., Histomorphometric study of alveolar bone 
healing in rats fed a boron-deficient diet, Anatomical 
Record (Hoboken), 291, 441-447, 2008.

[9] Gorustovich A. A., Steimetz T., Nielsen F. H., Gug-
lielmotti M. B., A histomorphometric study of alveolar 
bone modeling and remodeling in mice fed a boron-
deficient diet, Arch. of Oral Biol., 53,677-682, 2008.

[10] Sağlam M., Hatipoğlu M., Köseoğlu S., Esen H. H., Ke-
lebek S., Boric acid inhibits alveolar bone loss in rats 
by affecting RANKL and osteoprotegerin expression,  
Journal of Periodontal Research, 49, 472-479, 2014.

[11] Balci Yuce H., Toker H., Goze F., The histopathological 
and morphometric investigation of the effects of sys-
temically administered boric acid on alveolar bone loss 
in ligature-induced periodontitis in diabetic rats, Acta 
Odontol. Scan., 72, 729-736, 2014. 

[12] Hakki S. S., Malkoc S., Dundar N., Kayis S.A., Hakki E. 
E., Hamurcu M., Baspinar N., Basoglu A., Nielsen F. H., 
Götz W., Dietary boron does not affect tooth strength, 
micro-hardness, and density, but affects tooth mineral 
compostion and alveolar bone mineral density in rab-
bits fed a high-energy diet, J. Trace Elem. Med. Biol., 
29, 208-215, 2015.

[13] Taşh P. N., Doğan A., Demirci S., Şahin F., Boron en-
hances odontogenic and osteogenic differentiation of 
human tooth germ stem cells (hTGSCs) in vitro,  Biol. 
Trace Elem. Res., 153, 419-427, 2013.

[14] Ying X., Cheng S., Wang W., Lin Z., Chen Q., Zhang 
W., Kou D., Shen Y., Cheng X., Rompis F.A., Peng L., 
Lu C.Z., Effect of boron on osteogenic differentiation of 



158

Neilsen F. H., / BORON 2 (3), 153 - 160, 2017

human bone marrow stromal cells, Biol. Trace Elem. 
Res., 144, 306-315, 2011.

[15] Majafabadi B. M., Abnosi M. H., Boron induces early 
matrix mineralization via calcium deposition and eleva-
tion of alkaline phosphatase activity in differentiated 
rat bone marrow mesenchymal stem cells, Cell J., 
(Yakhteh), 18, 62-73, 2016.

[16] Hakki S. S., Bozkurt B. S., Hakki E. E., Boron regulates 
mineralized tissue-associated proteins in osteoblasts 
(MC3T3-E1), J. Trace Elem. Med. Biol., 24, 243-250, 
2010.

[17] Wu C., Miron R., Sculean A., Kaskel S., Doert T., 
Schulze R., Zhang Y., Proliferation, differentiation and 
gene expression of osteoblasts in boron-containing 
associated with dexamethasone deliver from mesopo-
rous bioactive glass scaffolds,  Biomater., 32, 7068-
7078, 2011.

[18] Gorustovich A. A., López J. M. P., Guglielmotti M. B., 
Cabrini R. L., Biological performance of boron-modi-
fied bioactive glass particles implanted in rat tibia bone 
marrow, Biomed. Mater., 1, 100-105, 2006.

[19] Xie Z., Liu X., Jia W., Zhang C., Huang W., Wang S., 
Treatment of osteomyelitis and repair of bone defect 
by degradable bioactive borate glass releasing vanco-
mycin, J. Contr Rel., 139, 118-126, 2009.

[20] Doğan A., Demirci S., Bayir Y., Halici Z., Karakus E., 
Aydin A., Cadirci E., Albayrak A., Demirci E., Karaman 
A., Ayan A.K., Gundoglu C., Şahin F., Boron containing 
poly-(lactide-co-glycolide) (PLGA) scaffolds for bone 
tissue engineering, Mater. Sci. Eng., C, 44, 246-253, 
2014.

[21] Haro Durand L. A., Góngora A., Porto López J. M., 
Boccaccini A. R., Zago M. P., Baldi A., Gorustovich 
A., In vitro endothelial cell response t ionic dissolution 
products from boron-doped bioactive glass in the SiO2-
CaO-P2O5-Na2O system, J. Mater. Chem. B, 2, 7620-
7630, 2014.

[22] Haro Durand L. A., Vargas G. E.., Romero N. M., 
Vera-Mesones R., Porto- López J. M. Boccaccini A. 
R., Zago M. P., Baldi A., Gorustovich A., Angiogenic 
effects of ionic dissolution products released from a 
boron-doped 45S5 bioactive glass, J. Mater. Chem. B, 
3, 1142-1148, 2015.

[23] Uysal T., Ustdal A., Sonmez M. F., Ozturk F., Stimula-
tion of bone formation by dietary boron in an orthope-
dically expanded suture in rabbits, Angle Orthodontist, 
79, 984-990, 2009.

[24] Gölge U. H., Kaymaz B., Arpaci R., Kömürcü E., Gök-
sel F., Güven M., Güzel Y., Cevizci S., Effects of boric 
acid on fracture healing: An experimental study, Biol. 
Trace Elem. Res., 167, 264-271, 2015.

[25] Cheng J., Peng K., Jin E., Zhang Y., Liu Y., Zhang N., 
Song H., Liu H., Tang Z., Effect of additional boron on 
tibias of African ostrich chicks, Biol. Trace Elem. Res, 
144, 538, 549, 2011.

[26] Scorei R. I., Rotaru P., Calcium fructoborate – potential 
anti-inflammatory agent,  Biol. Trace Elem. Res., 143, 
1223-1238, 2011.

[27] Fracp R. L. T., Rennie G. C., Newnham R. E., Boron 
and arthritis: the results of a double-blind study,  J. 
Nutr. Med., 1, 127-132, 1990.

[28] Miljkovic D., Scorei R. I., Cimpoiaşu V. M., Scorei I. 
D., Calcium fructoborate: Plant-based dietary boron for 
human nutrition, J. Diet. Supp., 6, 211-226, 2009.

[29] Hunt C. D., Idso J. P., Dietary boron as a physiologi-
cal regulator of the normal inflammatory response: a 
review and current research progress, J. Trace Elem. 
Exp. Med., 12, 221-233, 1999.

[30] Hunt C. D., Dietary boron: An overview of the evidence 
for its role in immune function, J. Trace Elem. Exp. 
Med., 16, 291-306, 2003.

[31] Armstrong T. A., Spears J. W., Lloyd K. E., Inflammato-
ry response, growth, and thyroid hormone concentra-
tions are affected by long-term boron supplementation 
in gilts, J. Anim. Sci., 79, 1549-1556, 2001.

[32] Armstrong T. A., Spears J. W., Effect of boron sup-
plementation of pig diets on the production of tumor 
necrosis factor-α and interferon-γ, J. Anim. Sci., 81, 
2552-2561, 2003.

[33] Cao J., Jiang L., Zhang X., Yao X., Geng C., Xue X., 
Zhong L., Boric acid inhibits LPS-induced TNF-α for-
mation through a thiol-dependent mechanism in THP-
1 cells, J. Trace Elem. Med. Biol., 22, 189-195, 2008.

[34] Scorei R. I., Ciofrangeanu C., Ion R., Cimpean A., 
Galateanu B., Mitran V., Iordachescu D., In vitro effects 
of calcium fructoborate upon production of inflamma-
tory mediators by LPS-stimulated RAW 264.7 macro-
phages,  Biol. Trace Elem. Res., 135, 334-344, 2010.

[35] Turkez H., Geyikoğlu F., Dirican E. Tatar A., In vitro 
studies on chemoprotective effect of borax against af-
latoxin B1-induced genetic damage in human lympho-
cytes, Cytotechnology, 64, 607-612, 2012.

[36] Üstündağ A., Behm C., Föllmann W., Duydu Y., Degen 
G., Protective effect of boric acid on lead- and cad-
mium-induced genotoxicity in V79 cells, Arch. Toxicol., 
88. 1281-1289, 2014.

[37] Türkez H., Arsian M. E., Ōzdemir Ō., Chikha O., Ame-
liorative effect of boric acid against nicotine-induced 
cytotoxicity on cultured human primary alveolar epithe-
lial cells,  BORON, 1, 104-109, 2016.

[38] Hu Q., Li S., Qiao E., Tang Z., Jin E., Jin G., Gu Y., Ef-
fects of boron on structure and antioxidative activities 
of spleen in rats, Biol. Trace Elem. Res., 58, 73-80, 
2014.

[39] Sogut I., Oglakci A., Kartkaya K., Ol, K. K., Sogut M. 
S., Kanbak G., Inal M. E., Effect of boric acid on oxi-
dative stress in rats with fetal alcohol syndrome, Exp.  
Therap. Med., 9, 1023-1027, 2015.

[40] Kucukkurt I., Ince S., Demirel H.H., Turkmen R., Akbel 
E., Celik Y., The effects of boron on arsenic-induced 
lipid peroxidation and antioxidant status in male and 
female rats,  J. Biochem. Mol. Toxicol., 29, 564-571, 
2015.

[41] Bhasker T. V., Gowda N. K. S., Mondal S., Krish-
namoorthy P., Pal D.T., Mor A., Bhat S. K., Pattanaik A. 
K., Boron influences immune and antioxidant respons-
es by modulating hepatic superoxide dismutase activ-
ity under calcium deficit abiotic stress in Wistar rats, J. 
Trace Elem. Med. Biol., 36, 73-79, 2016.

[42] Scorei R., Mitrut P., Petrisor I., Scorei I., A double-
blind, placebo-controlled pilot study to evaluate the ef-



159

Neilsen F. H., / BORON 2 (3), 153 - 160, 2017

fect of calcium fructoborate on systemic inflammation 
and dyslipidemia markers for middle-aged people with 
primary osteoarthritis, Biol. Trace Elem. Res., 144, 
253-263, 2011.

[43] Mahmood N. M. A., Barawi O. R., Hussain S. A., Re-
lationship between serum concentrations of boron and 
inflammatory markers, disease duration, and severity 
of patients with knee osteoarthritis in Sulaimani city, 
Nat. J. Physiol. Pharm. Pharmacol., 6 (online first), 
DOI: 10.5455/njppp.2015.5.0809201576, 5 p., 2015.

[44] Al-Rawi Z. S., Gorial F.I., Al-Shammary W. A., Muhsin 
F., Al-Naaimi A. S., Kareem S., Serum boron concen-
tration in rheumatoid arthritis: Correlation with disease 
activity, functional class, and rheumatoid factor,  J. 
Exp. Integr. Med., 3, 9-15, 2013.

[45] Militaru C., Donoiu I., Craciun A., Scorei I. D., Bulearca 
A. M., Scorei R. I., Oral resveratrol and calcium fructo-
borate supplementation in subjects with stable angina 
pectoris:  Effects of lipid profiles, inflammation mark-
ers, and quality of life, Nutr., 29, 178-183, 2013.

[46] Rogoveanu O.-C., Mofoşanu G. D., Bejenaru C., Be-
jenaru L.E., Croitoru O., Neamţu J., Pietrzkowski Z., 
Reyes-Izquierdo T., Biţă A, Scorei I. D., Scorei R. I., 
Effects of calcium fructoborate on levels of C-reactive 
protein, total cholesterol, low-density lipoprotein, tri-
glycerides, IL-1β, I L-6, and MCP-1:  A double-blind, 
placebo-controlled clinical study, Biol. Trace Elem. 
Res., 163, 124-131, 2015.

[47] Scorei R. I., Popa R., Sugar-borate esters – potential 
chemical agents in prostate cancer prevention,  Anti-
Canc. Agents Med. Chem., 13, 901-909, 2013.

[48] Cui Y, Winton M. L., Zhang Z. F., Rainey C., Marshall 
J., De Kemion J. B., Eckhert C. D., Dietary boron in-
take and prostate cancer risk,  Oncol. Rep., 11, 887-
892, 2004.

[49]  Barranco W. T., Eckhert C. C., Boric acid inhibits hu-
man prostate cancer cell proliferation,  Cancer Lett., 
216, 21-26, 2004.

[50] Korkmaz M., Avci C.B., Gunduz C., Aygunes D., Er-
baykent-Tepedelen B., Disodium pentaborate decahy-
drate (DPD) induced apoptosis by deceasing hTERT 
enzyme activity and disrupting F-actin organization 
of prostate cancer cells, Tumor Biol., 35, 1531-1538, 
2014.

[51] Kobylewski S. E., Henderson K. A., Yamada K. E., 
Eckhert C. D.,  Activation of the EIF2α/ATF4 and ATF6 
pathways in DU-145 cells by boric acid at the concen-
tration reported in men at the US mean boron intake,  
Biol. Trace Elem. Res., DOI 10.1007/s12011-016-
0824-y (Epub ahead of print).

[52] Gallardo-Williams M. T., Chapin R. E., King P. E. Moser 
G. J., Goldsworthy T. L., Morrison J. P., Maronpot R. 
R., Boron supplementation inhibits the growth and lo-
cal expression of IGF-1 in human prostate adenocarci-
noma (LNCaP) tumors in nude mice, Toxicol. Pathol., 
32, 73-78. 2004.

[53] Korkmaz M., Uzgören E., Bakirdere S., Aydin F. Ata-
man O. Y., Effects of dietary boron on cervical cytopa-
thology and on micronucleus frequency in exfoliated 
buccal cells, Environ. Toxicol. Chem. 22, 17-25, 2007.

[54] Mahabir S., Spitz M. R., Barrera S. L., Dong Y. Q., 
Eastham C., Forman M. R., Dietary boron and hor-

mone replacement therapy as risk factors for lung can-
cer in women, Am. J. Epidem., 167, 1070-1080, 2008.

[55] Scorei R., Ciubar R., Ciofrangeanu C. M., Mitran V., 
Cimpean A., Iordachescu D., Comparative effects of 
boric acid and calcium fructoborate on breast cancer 
cells,  Biol. Trace Elem. Res., 122, 197-205, 2008.

[56] Penland J. G., Quantitative analysis of EEG effects fol-
lowing experimental marginal magnesium and boron 
deprivation, Magnesium Res., 8, 341-358, 1995.

[57] Penland J. G., The importance of boron nutrition for 
brain and psychological function, Biol. Trace Elem. 
Res., 66, 299-317, 1998.

[58] Penland J. G., Eberhardt M. J., Effects of dietary boron 
and magnesium on brain function of mature male and 
female Long-Evans rats, J. Trace Elem. Exp. Med., 6, 
53-64, 1993.

[59] Eckhert C. D. , Rowe R. I., Embryonic dysplasia and 
adult retinal dystrophy in boron-deficient zebrafish, J. 
Trace Elem. Exp. Med., 12, 213-219, 1999.

[60] Nielsen F. H., Penland J. G., Boron deprivation alters 
rat behavior and brain mineral composition differently 
when fish oil instead of safflower oil is the fat source,  
Nutr. Neurosci., 9, 105-112, 2006.

[61] Hunt C. D., Regulation of enzymatic activity, One pos-
sible role of dietary boron in higher animals and hu-
mans, Biol. Trace Elem. Res., 66, 205-225, 1998.

[62] Ralston N. V., Hunt C. D., Diadenosine phosphates 
and S-adenosylmethionine:  novel boron binding bio-
molecules detected by capillary electrophoresis,  Bio-
chim. Biophys. Acta, 1527, 20-30, 2001.

[63] Chen X., Schauder S., Potier N., Van Dorsselaer A., 
Pelezer I., Bassier B. L., Hughson P. M., Structural 
identification of a bacterial quorum-sensing signal con-
taining boron,  Nature, 415, 545-549, 2002.

[64] Nielsen F. H., Boron deprivation decreases liver S-
adenosylmethionine and spermidine and increases 
plasma homocysteine and cysteine in rats, J. Trace 
Elem. Exp. Med. Biol., 23, 204-213, 2009.

[65] Henderson K., Stella S. L., Jr., Kobylewski S., Eck-
hert C. D., Receptor activated Ca2+ release is inhibited 
by boric acid in prostate cancer cells, PLoS one, 4, 
e6009, 2009.

[66] Henderson K. A., Kobylewski S. E., Yamada K. E., 
Eckhert C. D., Boric acid induces cytoplasmic stress 
granule formation, eIF2α phosphorylation, and ATF4 in 
prostate DU-145 cells, Biometals, 28, 133-141, 2015.

[67] Wimmer M. A., Lochnit G., Bassil E., Mühling K. H, 
Goldbach H. E., Membrane-associated, boron-in-
teracting proteins isolated by boronate affinity chro-
matograpy, Plant Cell Physiol., , 50, 1292-11304, 2009.

[68] Park M., Li Q., Shcheynikov N., Zeng W., Muallem S., 
NaBC1 is a ubiquitous electrogenic Na+-coupled bo-
rate transporter essential for cellular boron homeosta-
sis and cell growth and proliferation, Molecular Cell, 
16, 331-341, 2004.

[69] Bai Y., Hunt C. D., Dietary boron enhances efficacy of 
cholecalciferol in broiler chicks, J. Trace Elem. Exp. 
Med., 9, 117-132, 1996.

[70] Nielsen F. H., Penland J. G., Boron supplementation 
of peri-menopausal women affects boron metabolism 



160

Neilsen F. H., / BORON 2 (3), 153 - 160, 2017

and indices associated with macromineral metabo-
lism, hormonal status and immune response,  J. Trace 
Elem. Exp. Med., 12, 251-261, 1999.

[71] Fort D. J., Boron deficiency disables Xenopus laevis 
oocyte maturation events, Biol. Trace Elem. Res., 85, 
157-169, 2002.

[72] Sheng M. H. C., Taper L. J. Veit H., Thomas E. A., 
Ritchey S. J., Lau K. H. W., Dietary boron supplemen-
tation enhanced the action of estrogen, but not that of 
parathyroid hormone, to improve trabecular bone qual-
ity in ovariectomized rats,  Biol. Trace Elem. Res., 82, 
109-123, 2001.

[73] Sheng M. H. C. Taper L. J., Veit H., Thomas E. A., 
Ritchey S. J., Lau K. H. W., Dietary boron supplemen-
tation enhances the effects of estrogen on bone min-
eral balance in overiectomized rats, Biol. Trace Elem. 
Res., 81, 29-45, 2001.

[74] Nielsen F. H., Gallagher S. K., Johnson L. K., Nielsen 
E. J., Boron enhances and mimics some effects of es-
trogen therapy in postmenopausal women, J. Trace 
Elem. Exp. Med., 5, 237-246, 1992.

[75] Wang Y., Zhao Y., Chen X., Experimental study on the 
estrogen-like effect of boric acid, Biol. Trace Elem. 
Res., 121, 160-170, 2008.

[76] Bakken N.A., Hunt C. D., Dietary boron decreases 
peak pancreatic in situ insulin release in chicks and 
plasma insulin concentrations in rats regardless of 
vitamin D or magnesium status, J. Nutr., 133, 3577-
3583, 2003.

[77] Thompson J. A., Oliveira R. A., Djukovic A., Ubeda 
C., Xavier K. B., Manipulation of the quorum-sensing 
signal AI-2 affects the antibiotic-treated gut microbiota,  
Cell Reports, 10, 1861-1871, 2015.

[78] Nielsen F. H., Evidence for the nutritional essentiality 
of boron,  J. Trace Elem. Exp. Med., 9, 215-229, 1996.

[79] Hunt C. D., Boron homeostasis in the cholecalciferol-
deficient chick, Proc. North Dak. Acad. Sci., 42, 60, 
1988.

[80] World Health Organization, Trace Elements in Human 
Nutrition and Health, Chap. 13: Boron, World Health 
Organization, Geneva, 1996.

[81] Food and Nutrition Board, Institute of Medicine, Di-
etary Reference Intakes for Vitamin A, Vitamin K, Ar-
senic, Boron, Chromium, Copper, Iodine, Iron, Man-
ganese, Molybdenum, Nickel, Silicon, Vanadium, and 
Zinc, Chap. 13, Arsenic, boron, nickel, silicon, and va-
nadium, National Academy Press, Washington, D. C., 
2001.

[82] World Health Organization, International Programme 
on Chemical Safety, Environmental Health Criteria 204 
– Boron, World Health Organization, Geneva, 1998.

[83] European Food Safety Authority, Opinion of the scien-
tific panel on dietetic products, nutrition, and allergies 
on a request from the commission related to the toler-
able upper intake level of boron (sodium borate and 
boric acid), Eur. Food Saf. Auth. J., 80, 1-22, 2004.

[84] Hunt C. D., Meacham S. L., Aluminum, boron, calcium, 
copper, iron, magnesium, manganese, molybdenum, 
phosphorus, potassium, sodium, and zinc:  Concentra-
tions in common Western foods and estimated daily 
intakes by infants, toddlers; and male and female ado-
lescents, adults, and seniors in the United States, J. 
Am. Diet. Assoc., 101, 1058-160, 2001.

[85] Choi M. K., Jun Y. S., Analysis of boron content in fre-
quently consumed foods in Korea, Biol. Trace Elem. 
Res., 126, 13-26, 2008.



161

BORON 2 (3), 161 - 167, 2017

       

BOR   

AGROBOR 

       

ISSN: 2149-9020

JOURNAL OF BORON
DERGİSİ

ULUSAL BOR ARAŞTIRMA ENSTİTÜSÜ
NATIONAL BORON RESEARCH INSTITUTE

YIL/YEAR

17
2003

SAYI/ISSUE 

02
CİLT/VOL 

ÖZEL SAYI / SPECIAL ISSUE

Türkiye’nin önemli sanayi domatesi üretim alanları topraklarının bitkiye 
elverişli bor ve domatesin bor beslenme durumunun belirlenmesi
Erdinç Uysal1*, Oğuz Fehmi Şen2, Özlem Bengü Daş Kılıç3, Nuri Candan4, Neslihan Uzun5, Kürşat Üner6,
Barış Albayrak7, Mustafa Bıyıklı8, Gülşah Üğlü9, Nalan Rahmanoğlu10

1Atatürk Bahçe Kültürleri Merkez Araştırma Enstitüsü Müdürlüğü, Yalova, Türkiye, ORCID ID orcd.org/0000-0003-3809-4156
2Uluslararası Tarımsal Araştırma ve Eğitim Merkezi Müdürlüğü, Menemen-İzmir, Türkiye, ORCID ID orcd.org/0000-0003-4175-9147
3Atatürk Bahçe Kültürleri Merkez Araştırma Enstitüsü Müdürlüğü, Yalova, Türkiye
4Uluslararası Tarımsal Araştırma ve Eğitim Merkezi Müdürlüğü, Menemen-İzmir, Türkiye, ORCID ID orcd.org/0000-0001-6905-913X
5Zeytincilik Araştırma Enstitüsü Bornova-İzmir, Türkiye
6Uluslararası Tarımsal Araştırma ve Eğitim Merkezi Müdürlüğü, Menemen-İzmir, Türkiye, ORCID ID orcd.org/0000-0003-4620-0123
7Atatürk Bahçe Kültürleri Merkez Araştırma Enstitüsü Müdürlüğü, Yalova, Türkiye, ORCID ID orcd.org/0000-0002-6855-243X
8Atatürk Bahçe Kültürleri Merkez Araştırma Enstitüsü Müdürlüğü, Yalova, Türkiye, ORCID ID orcd.org/0000-0002-6327-4397
9Atatürk Bahçe Kültürleri Merkez Araştırma Enstitüsü Müdürlüğü, Yalova, Türkiye, ORCID ID orcd.org/0000-0002-7989-0338
10Uluslararası Tarımsal Araştırma ve Eğitim Merkezi Müdürlüğü, Menemen-İzmir, Türkiye, ORCID ID orcd.org/0000-0001-5881-2923

BOR DERGİSİ
                 JOURNAL OF BORON

ÖZET
Bu çalışma, Türkiye’nin sanayi domatesi açısından önemli üretim alanları olan Bursa, Balıkesir, Manisa 
ve İzmir yöresinde yürütülmüştür. Çalışmada bu merkezlere bağlı bazı alanlardan toprak ve yaprak 
örnekleri alınarak bahçelerin bor besin elementi düzeylerinin belirlenebilmesi amaçlanmıştır. Ayrıca bu 
alanlara ait diğer toprak ve yaprak özellikleriyle, bor arasındaki ilişkilerin ortaya konulması da çalışmanın 
bir diğer amacı olmuştur. Bu amaçla, bölgeyi temsil edecek şekilde 268 adet domates bahçesinden 
toprak ve yaprak örnekleri alınmıştır. Toprak örneklerinin alınabilir bor, yaprakların ise toplam bor içerikleri 
belirlenip sınır değerleri ile karşılaştırılarak beslenme durumları saptanmaya çalışılmıştır. Elde edilen 
bulgulara göre, araştırma yöresi topraklarının % 27’sinin yarayışlı bor içeriğinin yetersiz (<0,5 mg B kg-1) 
olduğu saptanmıştır. Kalan örneklerin % 63’ü yeterli ve % 10’unun ise fazla bor içerdiği belirlenmiştir. 
Yaprak analiz sonuçlarına göre, yaprakların B içerikleri sınır değerlerle karşılaştırıldığında % 2’sinin 30 
mg kg-1’den düşük ve eksik, % 87’sinin 30-100 mg kg-1 arasında ve yeterli, % 11’inin ise 100 mg kg-

1’den yüksek olduğu ve fazla olarak sınıflandırıldığı tespit edilmiştir. Yapılan çalışmada genel olarak bor 
eksikliğine rastlansa da, bazı bölgelerde borun oldukça yüksek değerlere ulaştığı dikkat çemiştir. Bursa 
iline bağlı Mustafakemalpaşa ve Karacabey ilçeleri ile Balıkesir’in bazı merkez köylerinde bor değerleri 
hem topraklarda hem de yapraklarda yüksek seviyelerde bulunmuştur. Topraktaki bor içeriği ile topraktaki 
kil, organik madde, fosfor, magnezyum ve yapraktaki bor ve fosfor içerikleri arasında, istatistiksel olarak 
önemli pozitif, yaprak demir içeriği arasında ise negatif yönlü ilişkiler bulunmuştur. Ayrıca örneklerin 
yaprak bor içerikleri ile, toprak bor, kil, magnezyum ve yaprak magnezyum içerikleri arasında anlamlı 
pozitif, buna karşın yaprak azot ve demir içerikleri arasında ise negatif ilişkiler tespit edilmiştir.
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MAKALE BİLGİSİ 

Makale Geşmişi:
İlk gönderi 20 Temmuz 2017
Revize gönderi 7 Aralık 2017
Kabul 12 Aralık 2017
Online 30 Aralık 2017

Araştırma Makalesi

Anahtar kelimeler: 
Sanayi domatesi,
Beslenme durumu, 
Bor,
Toprak, 
Yaprak

 http://dergipark.gov.tr/boron

ABSTRACT
This study was conducted in the provinces of Bursa, Balıkesir, Manisa and İzmir, which are known as 
important industrial tomato cultivation areas in Turkey. Soil and leaf samples were collected from those  
tomato-growing fields in order to determine the boron nutritional status of the fields. Further, aim was to 
study the associations between the soil and leaf boron and the different soil and leaf characteristics. Soil 
and leaf samples were collected from 268 tomato-growing fields representing the studied area. The plant 
available boron of soil samples and total boron of leaf samples were determined. Then, boron status of soils 
and plants were assessed by considering the critical sufficient and deficient limits of boron. According to the 
findings, 27% of the collected soil samples was found to be low with boron (<0.5 mg B kg-1), and 63% of the 
remaining soil samples contained adequate and 10% high amounts of boron. According to the leaf analysis 
results, 2% of the leaf samples had low-level of B (below 30 mg kg-1), and 87% had adequate amount of 
B (in the range of 30-100 mg kg-1) and 11% had very high-level of B (above 100 mg kg-1). Although boron 
deficiency was occasionally observed in some parts of the region, very high boron concentrations were 
also noted. The districts of Mustafakemalpaşa and Karacabey of the city of Bursa and some villages of the 
Balıkesir were found to be very high in boron both in the soils and in the leaves. Plant available boron of 
soils showed positive and statistically significant relationships with soil clay, organic matter, phosphorus, 
magnesium and leaf boron had a positive and significant relation to soil phosphorus, while leaf iron had 
negative association with soil and leaf boron. Furthermore, significantly positive correlation was identified 
between the leaf boron of the samples and soil boron, clay, magnesium and leaf magnesium, whereas 
a negative correlation was found with the leaf nitrogen and iron contents. In addition, there was positive 
relationship between leaf boron and soil boron, soil clay, and leaf magnesium, while leaf boron showed a 
negative relation to leaf iron and leaf nitrogen.

ARTICLE INFO   

Article history:
Received 20 July 2017
Revised form 7 December 2017
Accepted 12 December 2017
Online 30 December 2017

Research Article

Keywords: 
Industrual tomato,
Nutritional status,
Boron,
Soil,
Leaf

Determination of soil plant available boron and boron nutritional status of tomato 
plants in major industrial tomato cultivated areas of Turkey



162

Uysal E. ve Ark. / BORON 2 (3), 161 - 167, 2017

1. Giriş (Introduction)

Bugün tüm dünya üzerinde en fazla üretimi yapılan 
sebze türlerinden birisi domatestir. Anavatanı, Güney 
Amerika’nın batı sahilleri olan domatesin ilk olarak 
Meksikalılar tarafından kültüre alındığı tahmin edil-
mektedir [1]. Zamanla yayılarak dünyanın her tara-
fında yetiştirilmeye başlanmıştır. Domatesin dünyada 
birçok farklı şekillerde tüketimi yapılmaktadır. Dünya-
da bir yılda üretilen domates miktarı 165 milyon tona 
yakındır ve Türkiye, Çin, Hindistan ve ABD’den sonra 
en fazla üretimin gerçekleştiği dördüncü ülke konu-
mundadır [2]. 

Türkiye’de yıllık 12,6 milyon ton olan domates üreti-
minin % 32’si salçalık domatestir. Bu üretimin en fazla 
gerçekleştiği bölgeler Marmara ve Ege bölgeleri olup, 
Anadolu’nun değişik yerlerinde sanayilik çeşitler yaz 
dönemlerinde yetiştirilmektedir. Türkiye’de önemli sal-
çalık domates üretimi yapan ilk 4 ilimizdeki 2015 yılına 
ait üretim miktarları incelendiğinde Bursa’da toplam 
üretimin yaklaşık olarak % 30’u, Manisa’da % 19’u, 
İzmir’de % 18’i ve Balıkesir’de ise % 10’unun gerçek-
leştirildiği görülür ki bu da toplam ülke üretiminin % 
77’lik kısmı demektir [3].

Bitkilerin beslenme durumu ve toprakların verimlilik 
düzeylerinin doğru olarak değerlendirilmesi, gübre kul-
lanım etkinliğine önemli katkılar sağlamaktadır. Toprak 
analizleri ile toprakların bitkilere besin sağlama güçleri 
belirlenmekte, yetersizlikler gübreleme yolu ile gideri-
lebilmektedir. Ancak toprak analizlerinin her koşulda 
yeterli olmaması nedeniyle bitkilerin beslenmelerinin 
düzeyini ortaya koymak ve gereken uygulamaları ya-
pabilmek için bitki analizlerinden de yararlanılmaktadır 
[4].

Bor, bitkilerin normal olarak gelişebilmesi için mutlak 
gerekli olan mikro besin elementlerinden birisidir. Ta-
rım yapılan alanlarda bor noksanlığı veya bor toksisi-
tesi, bitki yetiştiriciliğinde sınırlayıcı önemli bir etken-
dir. Bor noksanlığının giderilmesi için toprakların borlu 
gübrelerle gübrelenmesi gerekir. Ancak toprağa uygu-
lanan bor bitki tarafından çok iyi alındığı için gereğin-
den fazla bor uygulamalarında bor toksisitesi ortaya 
çıkabilir [5]. Bu bakımdan bor noksanlığı ve toksisitesi 
diğer besin elementlerine göre daha yaygın olarak gö-
rülebilmektedir. Tarım alanlarında bulunması gereken 
bitkiye yarayışlı bor miktarı bitkinin cins, tür ve varyete-
lerine göre de farklılık göstermektedir. Domatesin bor 
noksanlığına orta derecede duyarlı bitkiler grubuna 
girdiği bildirilmektedir [6].

Bu araştırma ile Türkiye’nin önemli sanayi domatesi 
yetiştiriciliği yapılan alanlarından toprak ve yaprak ör-
nekleri alınarak, hem bölgenin topraklarında bor içe-
rikleri belirlenmesi hem de bor açısından bitkilerin bes-
lenme durumlarının ortaya konulması amaçlanmıştır. 
Elde edilen sonuçların, yöredeki olası sorunlarının 
ortaya çıkarılmasına ve uygun gübreleme önerilerinin 
yapılmasına destek sağlayacağı düşünülmüştür. Bu-
nun yanında borun diğer toprak ve bitki özellikleriyle 

aralarındaki ilişkilerin ortaya konulması da çalışmanın 
bir başka amacını oluşturmaktadır.

2. Materyal ve Metot (Material and method)

Çalışmada materyal olarak, Türkiye’nin önemli salça-
lık domates üretim alanları olan Bursa, Balıkesir, Ma-
nisa ve İzmir illerinden, 2013 yılında usulüne uygun 
olarak alınmış olan 268 adet toprak ve yaprak örneği 
kullanılmıştır. 

Toprak örnekleri domates bitkisi sıra aralarından sı-
raya yakın olacak şekilde 0-30 cm derinlikten genel 
kurallara uygun olarak [7] paslanmaz çelik kürek ile 
alınmış ve polietilen torbalara konularak etiketlenmiş-
tir. Laboratuvara getirilen toprak örnekleri, Kacar [8]’ın 
bildirdiği şekilde analize hazır hale getirilmiştir.

Alınan toprak örneklerinde bitkiye yarayışlı bor, John 
et al. tarafından geliştirilen ve daha sonra modifiye 
edilen sıcak su ile ekstrakte edilebilir analiz yöntemine 
göre belirlenmiştir [9].

Yaprak örnekleri çiçeklenmenin devam ettiği ve ilk 
meyvelerin ceviz iriliğine ulaştıkları dönemde bitkinin 
üstten itibaren 5. ya da 6. yaprakları olacak şekilde 
alınmıştır [10]. Alınan yaprak örnekleri laboratuvarda 
önce çeşme suyunda, daha sonra sırası ile 0.1 N HCl 
ve deiyonize su ile yıkandıktan sonra kurutma kağıtları 
üzerinde kabaca kurumaları sağlanmıştır. Daha sonra 
kese kağıtlarına konarak, kurutma dolabında 70 ºC’de 
sabit ağırlığa ulaşıncaya kadar kurutulmuştur. Kuru-
yan örnekler 0.5 mm elek çapına sahip değirmende 
öğütülerek analize hazır hale getirilmiştir [11].

Yapraklarda toplam bor, kuru yakılan örneklerde 
Azomethin-H yöntemiyle belirlenmiştir [12]. Yaprak 
analizlerinin doğruluğunu kontrol etmek için NIST 
marka referans elma yaprağı (1515) ve şeftali yaprağı 
(1547) birlikte kullanılmıştır.

Elde edilen toprak ve yaprak analiz sonuçları sınır de-
ğerleri ile karşılaştırılarak, incelenen bahçelerin besin 
maddeleri durumları değerlendirilmiştir. Bulunan so-
nuçlar arasında korelasyonlar yapılarak önemli bulu-
nanları verilmiştir. 

3. Sonuçlar ve tartışma (Results and discussion)

Araştırma için 268 adet noktadan toprak ve yaprak ör-
nekleri alınarak analiz edilmiş ve bulunan sonuçlar iller 
bazında gruplandırılmıştır. Elde edilen sonuçlara ait en 
küçük, en büyük ve ortalama değerler ise Çizelge 1’de 
sunulmuştur. 

Yapılan çalışmada elde edilen analiz sonuçlarının 
değerlendirilebilmesi amacıyla yaprak örneklerinde 
Reuters ve Robinson [13], toprak örneklerinde ise 
Eyüpoğlu ve ark. [14]; Miller [15]’ın bildirmiş olduğu 
sınıflandırma değerleri kullanılmıştır. Yaprak örnekleri 
için 30-100 mg kg-1 arasındaki değerler yeterli kabul 
edilirken toprak örneklerinde sınıflandırma aralıkları şu 
şekilde verilmiştir: <0,5 ppm az, 0,5-2,0 ppm yeterli, 
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2,1-5,0 fazla, >5,00 çok fazla. Şekil 1’de toprak örnek-
lerinin, Şekil 2’de ise yaprak analiz sonuçlarının sınır 
değerlerine göre sınıflandırılmış hali genel olarak ve 
iller bazında gösterilmiştir. 

Toprak örneklerinde yapılmış olan alınabilir bor ana-
lizi sonucunda yapılan değerlendirmede genel olarak 
bölgenin tamamından alınan toprakların % 27’sinin 
az, % 63’ünün yeterli ve % 10’unun fazla miktarda bor 
içeriğine sahip olduğu anlaşılmıştır. Yapılan çalışma 
sonucunda bölge genelinde domates yaprak bor içe-
riklerinin büyük oranda yeterlik sınır değerleri arasın-
da bulunduğu belirlenmiştir. Örneklerin % 87’si bor ile 
yeterli beslenirken, % 2’si eksik ve % 11’i ise yüksek 
düzeyde bor içermektedir. 

Çalışmanın toprak analiz sonuçlarında bor eksikliğinin 
% 27 gibi görece yüksek bir oranda olmasına karşın, 
yapraklarda eksiklik oranının yalnızca % 2 olması ilgi 
çekicidir. Bu konuda Antalya yöresinde domates yetiş-
tirilen seralarda bor düzeylerinin bazı toprak, yaprak 
ve meyve analiz sonuçlarıyla değerlendirilmesi ama-
cıyla yapılmış başka bir çalışmada da benzer sonuçla-
rın alındığı görülmüştür [16]. Nitekim yapılan çalışma-
nın toprak analiz sonuçlarına göre, seraların % 62’sin-
de yeterli % 38’inde ise yetersiz düzeyde yarayışlı B 

belirlenirken yaprak analiz sonuçları göstermiştir ki, 
bitki örneklerinin tamamında B içeriği yeterli ve hatta 
% 44’ünde B seviyesi yüksektir. Bu durumun toprak 
için verilen sınır değerin tüm bitkiler için ortak olma-
sından kaynaklanabileceğini ve bu aralıkların domates 
için uygun olmadığını ya da yaprak analiz sonuçları 
yorumlanırken kullanılan yeterlik sınır değerlerinin 
bölge üretim alanları için tam örtüşmediğini düşündür-
mektedir. Tarım alanlarında bulunması gereken bitkiye 
yarayışlı bor miktarı bitkinin cins, tür ve varyetelerine 
göre de farklılık göstermektedir. Domatesin bor nok-
sanlığına orta derecede duyarlı bitkiler grubuna girdiği 
bildirilmektedir [6].

Sonuçlar iller bazında değerlendirildiğinde bor düzey-
leri açısından iller arasında önemli farkların bulunduğu 
görülmüştür. Bursa ilinden alınan örneklerde özellikle 
bazı bölgelerin tarımsal üretim için sorun oluşturabi-
lecek bor düzeylerine yaklaştığı görülmüştür. Yenişe-
hir, İnegöl ve Mudanya ilçelerinde alınan örneklerde 
toprak bor içerikleri 1 mg kg-1 değerinin altında bulu-
nurken, yaprak analiz sonuçlarına göre de örneklerin 
tamamının sınır değerinin biraz üzerinde ve yeterli 
oldukları tespit edilmiştir. Bununla birlikte yüksek bor 
içeriklerinin Mustafakemalpaşa ve Karacabey ilçele-
rinde yoğunlaştığı tespit edilmiştir. 

Çizelge 1. Analiz sonuçlarına ait en küçük, en büyük ve ortalama değerler (The highest, lowest and average values based on
                    analysis results).
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Şekil 1. Toprak örneklerinin analiz sonuçlarının sınır değerlerine göre sınıflandırılması (Classification of soil samples for their 
boron concentrations by considering threshold boron values).
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Mustafakemalpaşa ilçesinden alınan örneklerin % 
65’inde toprak bor içerikleri 2,0 mg kg-1 değerinin üze-
rinde bulunmuştur. Özellikle bazı alanlarda bu değerler 
kritik seviye olan 5 mg kg-1 B değerine çok yaklaşmış-
tır. Aynı bölgeden alınan yaprak örneklerinin sonuçla-
rına göre de 100 mg kg-1 olan üst sınırın üzerinde bu-
lunan alanların oranı % 80 dir. Bazı örneklerde yaprak 
bor içeriklerinin 300 mg kg-1 değerinin üzerinde olduğu 
saptanmıştır. 

Mustafakemalpaşa kadar olmasa da Karacabey ilçe-
sinden alınan örneklerde de yüksek toprak ve yaprak 
bor değerleri belirlenmiştir. Karacabey’de fazla bor 
içeren toprakların oranı % 18 iken yapraklarda ise bu 
oran % 12 bulunmuştur. Marmara Bölgesi bor yatakları 
sadece Türkiye’nin değil aynı zamanda dünyanın da 
en büyük bor yatakları durumundadır. Balıkesir, Bur-
sa, Kütahya ilçelerinde yer alan bor yatakları Marmara 
Denizi’ne boşalan akarsu ağı üzerinde önemli kirleti-
ci etkiye sahiptir [17]. Susurluk havzasında bulunan 
Emet, Orhaneli ve Mustafakemalpaşa çayları sulama 
sularının bor içeriği açısından değerlendirilmesi ama-
cıyla yapılan bir çalışmada bu suların bor içerikleri 
uzun yıllar boyunca takip edilmiştir [18]. Çalışmada 
Orhaneli çayı boru güvenli düzeylerde içerirken Emet 
çayında bor içeriğinin 2004 yılına kadar ortalama 4,68 
ppm olduğu, 2004 yılından sonra 28,24 ppm’e yüksel-
diği bildirilmiştir. Mustafakemalpaşa çayında ise 2004 
yılına kadar sulama mevsiminde ortalama bor içeri-
ği 0,90 ppm iken 2004 yılından sonra ortalama 3,22 
ppm’e yükselmiştir. Nitekim yaptığımız tarama çalış-
ması esnasında Mustafakemalpaşa çayı ile sulanan 
domates bahçelerinden aldığımız az sayıdaki sulama 
suyu örneklerinde 9,00 ile 9,20 ppm arasında değişen 
bor değerleri tespit edilmiştir. Orhaneli çayı ile Emet 
çayı birleşerek Mustafakemalpaşa çayını oluşturmak-
ta ve bölgede önemli bir alan bu su ile sulanmaktadır. 
Bu denli yüksek toprak ve bitki bor değerleri ile karşıla-
şılmasının bu durum ile ilgili olduğu düşünülmektedir.

Balıkesir için yapılan değerlendirmede toprak örnek-
lerinde % 12’lik kısmın az, yine aynı oranda örneğin 

ise fazla bor içerdiği geri kalan topraklarda borun ye-
terli düzeylerde bulunduğu belirlenmiştir. Yaprak ana-
liz sonuçlarına göre de örneklerde bor % 10 eksik, % 
12 fazla oranda bulunurken yeterlik oranı % 78 olarak 
bulunmuştur. Bursa kadar olmasa da Balıkesir ilinden 
alınan örneklerde de yüksek toprak ve bitki bor değer-
lerine rastlanmış olup, bu örneklerin genellikle Balıke-
sir merkez köylerinden alındığı görülmüştür. 

Manisa’dan alınan örneklerde topraklarda bor fazlalığı 
yalnızca Salihli ilçesinin Durasıllı kasabasından alınan 
bir örnekte tespit edilmiştir. Ayrıca Manisa, ortalama 
olarak en düşük bor değerlerinin elde edildiği il olmuş-
tur. Yaprak analiz sonuçlarında da il genelinde borun 
% 96 oranında yeterli, % 4 oranında ise 100 mg kg-1 B 
değerinin üzerinde yani yüksek olduğu belirlenmiştir.

Toplamda 82 adet toprak ve yaprak örneğinin alın-
dığı İzmir ilinde toprak analiz sonuçlarına göre fazla 
bor içeriğine sahip örneklerin oranı % 2,44 olurken, az 
bor içeren toprakların oranı % 29 olarak bulunmuştur. 
Kalan örneklerde bor, yeterli düzeylerde bulunmuştur. 
Yaprak örneklerinde yapılan analiz sonuçlarına göre 
ise tüm örneklerde borun yeterlilik sınır değerleri olan 
30-100 mg kg-1 arasında bulunduğu, eksiklik ya da faz-
lalığa rastlanmadığı tespit edilmiştir. 

Türkiye topraklarının bor içeriklerinin belirlenerek ha-
ritalanması amacıyla ülke çapında 7758 adet toprak 
alınarak yapılan çalışmanın sonuçlarına göre Manisa, 
bor içeriği 0,5 ppm den düşük bulunan iller arasında 
gösterilirken, Bursa ilinin büyük bölümünün 0,5-1,0 
ppm B içeren topraklara sahip olduğu belirtilmiştir [19]. 
Aynı çalışmada Bursa ve Balıkesir illeri içerisinde bor 
içeriğinin çok yüksek olduğu alanların varlığına da dik-
kat çekilmiştir. 

Aşağı Büyük Menderes havzasında sanayi domatesi 
yetiştiriciliği yapılan arazilerin toprak özelliklerini belir-
lemek amacıyla yapılan bir çalışmada incelenen top-
rakların % 41’inde borun az ya da çok az bulunduğu, 
yeterlik oranının ise % 28 olduğu bildirilmiştir [20]. Aynı 

Şekil 2. Yaprak örneklerinin analiz sonuçlarının sınır değerlerine göre sınıflandırılması (Classification of leaf samples for their 
boron concentrations by considering threshold boron values).
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çalışmanın sonuçlarına göre toprakların % 31’inde bor 
yüksek düzeylerde bulunmuştur. Bölgede farklı bitki 
türleri için yapılan tarama çalışmalarında genelde bor 
içeriklerinin belirlenmediği görülmüştür. Yapılan az sa-
yıdaki çalışma sonuçlarına göre ise elde edilen bulgu-
ların birbirine benzerlik gösterdiği görülmektedir. 

Çalışmada elde edilen bor analiz değerleri dışında 
toprakta ve yaprakta farklı analizlerde yapılmış olup, 
bor değerlerinin diğer sonuçlarla arasındaki olası iliş-
kileri belirleyebilmek amacıyla korelasyon hesapla-
maları yapılmış ve elde edilen sonuçlar Çizelge 2’ de 
sunulmuştur.  

Yapılan değerlendirmede beklendiği gibi toprak bor 
değerleri ile yaprak bor değerleri arasında önemli 
(p<0,01) pozitif bir ilişki bulunmuş, topraktaki bor ar-
tışlarına bağlı olarak yaprakların bor değerleri yüksek 
olarak çıkmıştır. Bununla birlikte az sayıda da olsa 
toprakta borun düşük seviyede bulunmasına karşın 
yüksek bor içeriğine sahip olan yaprak örneklerinin var 
olduğu da tespit edilmiştir. Bu durumun sulama suyu 
bor içeriği ile ilgili olabileceği düşünülmektedir. Nitekim 
aynı bölgelerde sulamayı farklı kaynaklardan yapan 
üreticilerin bulunduğu görülmüştür. Su kaynağını de-
ğiştirmesiyle toprakta kısa zamanda yüksek bor oluş-
mamasına rağmen yapraklarda borun yüksek bulun-
ması mümkün görünmektedir. Sulama suyu veya ta-
ban suyunda 1 mg B l-1’den daha fazla bor bulunması 
söz konusu olduğunda, bitkilerde bor fazlalığı problemi 

ortaya çıkabilir. Bu tür durumlarda toprağın doğal bor 
statüsü ile bitkilerin yaprak bor içeriği arasında kimi za-
man ilişki çıkmaması olasıdır [21].

Toprak bor değerleri ile kil mineralleri arasında önem-
li (p<0,05) pozitif bir ilişki bulunmuştur. Farklı özellik-
lere sahip toprakların bor adsorbsiyon izotermlerini 
incelemek üzere yapılan bir araştırmada, toprakların 
kil içerikleri arttıkça bor adsorbsiyonunun artış eğilimi 
gösterdiği bildirilmiştir [22]. Granit kayalarda, perma-
titlerde, bazik kayalarda ve serpantinde bor vardır. 
Bor ihtiva eden kil mineralleri atmosferik olaylarının 
etkisiyle suya bor verirler ve suyla borik asit meyda-
na getirirler [23]. Kil minerallerinin yapısında bor bu-
lunmasına bağlı olarak bor değerlerinde artış olduğu 
düşünülmektedir.

Toprak organik madde içeriğiyle bor düzeyi arasında 
da yine pozitif yönlü önemli (p<0,01) bir ilişki durumu 
söz konusudur. Toprak organik madde içeriğinin yük-
sek olduğu durumlarda bor miktarının yüksek olması 
beklenen bir sonuçtur. Topraklarda bitkiye yarayışlı 
borun önemli bir bölümü organik maddeye bağlanmış 
bir şekildedir. Bu nedenle organik madde içerikleri yük-
sek olan topraklarda genellikle bor miktarı da yüksektir 
[23]. Rize ilinde bazı çay bahçelerinin bor beslenmesi 
ve borun toprak özellikleriyle ilişkilerinin belirlenmesi 
amacıyla yapılmış olan bir çalışmada toprak bor kon-
santrasyonu ile toprak organik madde içeriği arasında 
anlamlı pozitif ilişki olduğu saptanmıştır [24].

*p<0.05, **p<0.01 

Çizelge 2. Toprak ve yaprak bor içerikleri ile diğer toprak ve yaprak özellikleri arasındaki ilişki ve korelasyon katsayılar 
                    (Relationships between soil and leaf boron contents and the other soil and leaf properties).
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Bulunan sonuçlara göre hem toprak hem de yaprak 
bor içerikleri ile toprak magnezyum içerikleri arasında 
ve yaprak bor ile yaprak magnezyum içeriği arasında 
istatistiki olarak önemli pozitif ilişkiler saptanmıştır. An-
talya bölgesinde domates bitkisi ile yapılan bir çalış-
mada toprak bor içeriği ile magnezyum içeriği arasın-
da pozitif ilişki bulunduğu ifade edilmiştir [16]. Benzer 
sonuçlar fındık için yapılmış bir başka çalışmada da 
görülmüş olup, yaprak bor içeriği ile toprak magnez-
yum içeriği arasında % 1 düzeyinde anlamlı pozitif iliş-
ki olduğu bildirilmiştir [25]. 

Toprak bor içeriğindeki artışa paralel olarak hem top-
rakta hem de bitki örneklerinde fosfor düzeylerinin 
yüksek olduğu görülmüş ve her ikisi içinde önemli 
(p<0,01) ilişki bulunmuştur. Farklı araştırmacılar tara-
fından bor ve fosfor arasında sinerjistik bir ilişki bulun-
duğu bildirmiştir [26, 27, 28]. Ordu ili fındık bahçelerinin 
bor beslenme durumunu belirlemek amacıyla yapılan 
bir çalışmada, topraktaki B konsantrasyonu ile toprak 
fosforu arasında istatiksel olarak % 0.001 düzeyinde 
pozitif bir ilişkinin olduğu ifade edilmiştir [25].  Yaptı-
ğımız çalışma sonuçlarına göre de böyle sinerjistik bir 
ilişkiden bahsetmek mümkün görülmektedir. 

4. Sonuçların değerlendirilmesi (Conclusion)

Yapılan çalışma oldukça geniş bir bölgede yürütülmüş 
olup, sanayi domatesi bakımından önemli üretim nok-
talarının bitki ve toprak düzeyinde bor elementi açısın-
dan mevcut durumları ortaya konulmaya ve mevcut 
durumdan sonuçlar çıkarılmaya çalışılmıştır.

Çalışmada elde edilen sonuçlar hakkında bir genelle-
me yapılacak olursa alınan örneklerin toprak analiz so-
nuçlarında önemli miktardaki bir alanda eksiklik belir-
lenmesine karşın yaprak analiz sonuçlarında bu oran 
daha düşük bulunmuş, genelde yeterli bor beslenmesi 
görülmüştür. Bu durum söz konusu ürün sanayi do-
matesi olduğunda, toprak analiz sonuçlarında bor için 
toprakta çok az sınıf aralığının (<0,5 mg kg-1) eksiklik 
açısından dikkate alınmasının daha doğru olacağını 
düşündürmektedir. Bu değerin altındaki topraklarda 
domateste bor eksikliği beklenebileceğini söylemek 
yanlış olmaz. Bu nedenle özellikle bu tip alanlarda bor 
gübrelemesi konusunda da gerekli duyarlılığın göste-
rilmesi ürün verimi ve kalitesi açısından çok önemlidir. 

Ülkemiz topraklarında genel olarak bor eksikliğinden 
söz etmek mümkünse de kimi lokal alanlarda bor de-
ğerlerinin toksisite yapabilecek düzeylere çıkabildiği 
de görülmektedir. Nitekim yapılan çalışma kapsamın-
da alınan tüm örnekler genel olarak değerlendirildiğin-
de Ege ve Marmara bölgelerinin tamamının yaklaşık 
% 10’unda borun yüksek seviyelerde bulunduğu fakat 
bunun bazı üretim noktalarında yoğunlaştığı görül-
mektedir. Bursa iline bağlı ülkenin önemli tarımsal üre-
tim sahalarından olan Mustafakemalpaşa ve Karaca-
bey ilçeleri ile Balıkesir’in bazı merkez köylerinde bor 
değerleri hem topraklarda hem de yapraklarda yüksek 
seviyelerde bulunmuştur. 

Gerek toprak gerekse bitki örneklerinde belirlenen 
yüksek bor değerleri, söz konusu üretim noktalarında 
bitkiler için önemli bir tehdit olan bor toksisitesi soru-
nunun ciddi boyutlara ulaştığını göstermektedir. Hatta 
bu değerler, bora karşı hassasiyeti fazla olan bazı bitki 
çeşitlerinde şimdiden sorun oluşturabilecek düzeyler-
dedir. Aynı bölge içerisinde farklı sularla sulanan alan-
lar arasında bor değerleri açısından önemli farklılık-
ların bulunması, sorunun sulama suyu kaynaklı olma 
olasılığını güçlendirmektedir. Borla kirlenmiş toprakla-
rın ıslahının zorlukları dikkate alındığında kirlenmeyi 
önleyici tedbirlerin alınmasının bölge için büyük önem 
taşımaktadır.
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ABSTRACT
In plants, boron deficiency occurs most often in acidic sandy soils with low organic matter, 
high leaching capacity, and frequent lime applications. In addition, boron deficiency is also 
observed in clayey and high pH soil with high boron adsorption/fixation capacity. Under boron 
deficiency conditions, the formation, structural stability and functional integrity of cell walls 
are damaged. Up to 90% of boron in plants is located on cell walls as a structural element 
and contributes to maintenance of the stability of biological membranes. With these func-
tions boron plays decisive roles in plant growth, yield and nutrient uptake. Boron, as a cell 
wall element is associated with the pectin substance and provides a substantial strength and 
stability to cell walls. Thanks to these functions, boron plays a protective role against the pen-
etration and infection of pathogens into plant tissues and increases high resistance of plants 
to diseases. One of the most particular functions of boron in plants is its role in pollination, 
fertilization and fruit setting. Therefore, in most cases, vegetative growth is not affected in 
plants by boron deficiency, while generative growth and fruit formation are affected seriously. 
Among plant mineral nutrients, boron show the lowest phloem mobility. For this reason, foliar 
boron fertilization based on leaf analysis is of great importance, especially during the periods 
of flowering and fruit/seed formation to ensure high yields. Boron deficiency problem can even 
occur in plants despite of sufficiently high amounts of boron in soils or in fully-expanded leaves 
which is usually common under conditions where the humidity is high and the transpiration is 
low. Boron requirements of plants varies considerably from species to species depending on 
the composition of the cell wall and the amount of pectin. Thus, it is very important to take into 
account plant species when boron fertilizers are applied. In general, 1 to 2 kg/ha of boron is 
recommended for plants with low boron requirements, such as cereals, and this rate can be 4 
kg for plants with high boron requirement such as sugar beet, rape and sunflower. In the case 
of foliar boron fertilization, 250-300 mg B/liter is most commonly recommended rate. 

ÖZET
Bitkilerde bor noksanlığı, en çok kumlu ve organik maddesi düşük olan, yıkanmanın faz-
la olduğu ve kireçlemenin sıklıkla yapıldığı asit topraklarda ortaya çıkar. Ayrıca, bor ad-
sorpsiyonu/fiksasyonu yüksek olan killi ve pH’sı yüksek topraklarda da bor noksanlığına 
rastlanmaktadır. Bor noksanlığının ortaya çıkışıyla birlikte öncelikle hücre duvarlarının olu-
şumu, yapısal bütünlüğü ve işlevi zarar görmektedir. Bitkilerdeki borun yaklaşık % 90’a va-
ran bölümü, hücre duvarlarında yapısal bir element olarak yer almakta ve biyolojik memb-
ranların stabilitesini korumaktadır. Bu özelliği ile bor, bitkinin büyüme ve verimi üzerinde ve 
besin elementi alımında belirleyici bir role sahiptir. Bitkilerin hücre duvarlarında pektin mad-
desine bağlı olarak bulunan bor, hücre duvarlarına önemli bir sağlamlık ve bütünlük kazan-
dırmaktadır. Böylece bor bitki dokularını, patojen girişine ve enfeksiyona karşı koruyucu bir 
rol üstlenmekte ve bitkilerin hastalıklara karşı direncini arttıran önemli bir besin elementi 
olarak karşımıza çıkmaktadır. Borun en dikkat çekici işlevlerinden birisi de, polen oluşumu 
/tozlaşma, döllenme ve meyve tutumundaki rolüdür. Çoğunlukla, bor noksanlığı çeken bit-
kilerde vejetatif büyüme etkilenmezken, generatif büyümede ve meyve oluşumunda ciddi 
azalmalar ortaya çıkar. Bor bitki içinde floem iletim demetinde zor taşınan bir element ola-
rak bilinir ve noksanlık belirtileri genç yapraklarda ve sürgünlerde ortaya çıkar. Bu yüzden, 
özellikle çiçeklenme ve meyve/tane oluşum döneminde yapraklardan bitkilere kontrollü bir 
bor gübrelemesinin yapılması yüksek verim için bir verimi garanti etmek adına önemlidir. 
Bor noksanlığı problemi, topraklarda veya yapraklarda borun yeterli olması durumunda 
dahi ortaya çıkabilir. Bu durum, daha çok hava neminin yüksek ve transpirasyonun dü-
şük olduğu koşullarda belirgin biçimde ortaya çıkar. Hücre duvarı kompozisyonu ve pektin 
maddesi miktarına bağlı olmak üzere bitkilerin bor gereksinimi türden türe önemli farklılık-
lar göstermektedir. Genelde, tahıllar gibi bor gereksinimi düşük olan bitkilere 100 -200 g/da 
bor önerilirken; bu oran, şeker pancarı, kolza, ayçiçeği gibi bora gereksinimi yüksek olan 
bitkilerde 400 g’a çıkabilmektedir. Yapraktan yapılacak bor gübrelemesinde ise genelde 
kabul gören oran 250-300 mg B/litre olacak şekilde önerilmektedir. 
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1. Giriş (Introduction) 

1.1.Toprakta bor (Boron in soil)

Bor, kumlu ve organik maddesi düşük topraklardan 
kolaylıkla yıkanabilen bir elementtir. O nedenle kum-
lu ve asit karakterli topraklarda, yağışların fazla oldu-
ğu bölgelerde ve sulamanın çok sık yapıldığı üretim 
sistemlerinde borun önemli bir kısmı topraktan yıkan-
maktadır.  Hatta, yağışlarla yapraklardan bile ciddi 
miktarlarda borun yıkandığını gösteren araştırmalar 
bulunmaktadır [1].

Yıkanma potansiyelinin yüksek olduğu topraklarda, 
organik madde miktarı da düşükse bor noksanlığının 
ortaya çıkma ihtimali o derece artar. Bu özelliklere sa-
hip topraklarda yetiştirilen bitkilerin bor beslenme sta-
tüsünün izlenmesi son derece önemlidir.  Düşük top-
rak pH’sını düzeltmeye yönelik yapılan kireçlemenin 
topraklarda ve dolaysıyla bitkilerde bor noksanlığına 
sebep olduğu bilinmektedir [2, 3]. Toprakta pH’nın 
artmasıyla ortaya çıkan borat anyonları kolaylıkla kil 
minerallerine bağlanır ve bitkiler tarafından alınamaz 
formlara dönüşür. Ancak, kireçleme ile topraktan eks-
trakte edilebilir bor miktarında artışın olduğunu göste-
ren araştırmalar da bulunmaktadır [4]. Yüksek pH’ya 
sahip killi topraklarda, köklerin bor alımını azaltan kuv-
vetli bir bor adsorpsiyonu söz konusu olduğundan [3, 
5], bu toprakların ve bu topraklarda yetiştirilen bitkilerin 
toprak ve yaprak analizleriyle bor statüsü incelenmeli 
ve takip edilmelidir.  

Toprakların bor durumunun belirlenmesinde yaygın 
olarak ya sıcak suda ekstrakte edilebilir bor ya da 
0.05 M mannitol + 0.01 M CaCl2 ile ekstrakte edilebi-
lir bor yöntemi önerilir [6]. Mehlich-1 veya Mehlich-3 
bor ekstraksiyon yöntemi de dikkate alınabilir. Ancak, 
sıcak suda ekstrakte edilebilir bor yöntemi en fazla 
başvurulan yöntemdir [7, 8]. Bu yönteme göre; toprakta 
borun az, yeterli ve yüksek kritik sınır değerlerinin 
sırasıyla < 0.5 (az), 0.5-5.0 (yeterli) ve > 5.0 mg B/
kg (yüksek) olduğu genel kabul görmektedir. Toprakta 
sıcak suda ekstrakte edilebilir (bitkiye elverişli) borun 
0.25 mg B/kg değerinin altında olması durumunda bit-
kilerin, özellikle de bor gereksinimi yüksek olan bitkile-
rin, bor gübrelemesine öncelikli bir önem verilmelidir.  

Tuzlu ve sodyumlu topraklarda bitkiye yarayışlı bor 
miktarı bitkilerde zehirlenmeye (toksisite) neden ola-
cak seviyelerde bulunabilir. Ayrıca sulu tarım alanları-
nın topraklarındaki bitkiye elverişli bor miktarı sulama 
suyunun bor miktarına bağlı olarak da değişim gös-
termektedir. Sulama suyunda 1 mg B/l’den daha fazla 
bor bulunması ve bu tür suların sürekli kullanılması ile 
topraklarda bor gereksinimi yüksek olan bitkiler de bile 
toksisiteye neden olabilecek düzeyde bor birikimi or-
taya çıkabilir. Bu tip suların sulamada kullanılmasının 
zorunlu olduğu yerlerde toprakta bor birikimini azalt-
mak için gerekli önlemlerin alınması gerekmektedir. 
Bitkilerin bor gereksinimine bağlı olmak üzere sulama 
suyunda izin verilebilecek bor konsantrasyonu 0.3 
mg/l  ile 4 mg/l arasında değişmektedir [9].

1.2.Yaprakta bor (Boron in leaf)

Bitkilerin bor beslenme durumunun belirlenmesinde 
genç yaprakların analizi önem taşımaktadır. Yaprak 
örneklemesi sırasında gelişmesini tamamlamış yaş-
lı yaprakların örneklere dahil edilmesi, analiz sonuç-
larında gerçek değerin bulunamamasına ve bu yap-
raklardan elde edilen sonuçlar yanlış yorumlara yol 
açabilir. Bor gereksinimi yüksek olan bitkilerin bor 
beslenmesi yeterli olduğunda yapraklarda genellikle 
25 ile 75 mg B/kg arasında bor bulunur. Tahıllarda ise, 
bor beslenmesinin yeterli olması durumunda yaprakla-
rın bor miktarı genellikle 5 ile 25 mg/kg arasında de-
ğişmektedir. Örneğin, aynı bölgede büyüyen buğday 
bitkisi yapraklarında 5-10 mg B/kg bulunurken, şeker 
pancarı gibi bor gereksinimi yüksek olan bitkilerde bu 
değer 100 mg/kg’a kadar çıkabilmektedir [5, 10]. Ben-
zer büyüme koşullarında yetiştirilmiş değişik bitkilerin 
yapraklarındaki ölçülen bor konsantrasyonları Çizelge 
1’de verilmiştir. Çizelgeden de görüleceği gibi tahılla-
rın bora olan gereksinimi diğer bitki türlerine göre çok 
düşüktür. Ama bu durum, borun tahılların büyüme ve 
verim kapasitesi üzerinde az etkili olduğu anlamına 
gelmemektedir.

Ayçiçeği, yonca, şekerpancarı, patates gibi bor gerek-
sinimi yüksek olan bitkilerde yapraklardaki bor mikta-
rı 20 mg/kg’ın altında ise yapraktan bor gübrelemesi 
önerilmektedir [5,11]. Tahıllarda ise yaprakların bor 
miktarının 5-10 mg/kg altında olması durumunda bor 
gübrelemesi yapılmalıdır. Tahıllarda bor toksisitesi be-
lirtileri yaprakta bor miktarı 50 mg/kg üzerinde oldu-
ğunda ortaya çıkarken, bor gereksinimi yüksek bitkile-
rin çoğunda bor toksisitesi yaprak bor miktarı 250 mg/
kg üzerinde olduğunda görülebilmektedir. 

Çizelge 1. Aynı bölgede benzer koşullarda yetiştirilen deği-
şik bitki türlerinin yapraklarındaki bor konsantrasyonu [10]. 
(Boron concentrations of various plants grown under similar soil 
conditions).

Bitki Türü Yaprak Bor Konsantrasyonu 
(mg kg-1 KM) 

Buğday 6 
Mısır 9 
Tütün 29 
Çayır Üçgülü 32 
Yonca 37 
Bürüksel lahanası 50 
Havuç 75 
Şeker pancarı 102 

 
2. Bitkilerde borun işlevleri (Functions of boron in 
plants)

2.1. Hücre duvarı ve membran stabilitesi (Cell wall 
and membrane stability)

Bor noksanlığının ortaya çıkışıyla birlikte öncelikle 
hücre duvarlarının oluşumu, yapısal bütünlüğü ve iş-
levi hasar görmektedir [12, 13]. Bitkilerin sağlam bir 
yapıya ve doku ağına sahip olmasında belirleyici bir 
rol oynayan bor, bir anlamda hücre duvarlarında çi-
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mento görevi gören yapısal bir elementtir. Araştırma-
lar, bitkideki borun çoğunun hücre duvarında pektin 
maddesine bağlı olarak bulunduğunu göstermektedir 
[5, 14]. Bor pektin poli-sakkaritlere bağlanarak (özel-
likle rhamnogalacturonan-II poli-sakkaritine) hücre du-
varlarının mekanik  özelliklerine ve stabil bir bütünlük 
kazanmasına  belirleyici katkı sağlamaktadır.  

Bor, ayrıca hücre membranlarının iyon alımında,  belir-
leyici rolü olan ATPaz enzim aktivitesini doğrudan veya 
dolaylı olarak (membranların işlevsel bütünlüğünü ko-
ruyarak) etkilediği ve köklerin besin elementi (özellikle 
potasyum) alımını iyileştirdiği rapor edilmektedir [15, 
16]. Son bulgulara göre, bor noksanlığı altındaki bit-
kilerin yapraklarında, bor beslenmesi iyi olan bitkilere 
göre daha az miktarda potasyum bulunmaktadır [17]. 
Model bitkilerde ve hücre kültürlerinde yürütülen ça-
lışmalarda borun büyüme ortamından potasyum alı-
mı üzerinde belirleyici etkisi olduğu gösterilmiş ve bu 
bulgu, daha çok borun membranlar üzerindeki etkisine 
bağlanmıştır [5, 15].

Bor, hücre duvarında olduğu gibi; hücre membranla-
rının yapısal bütünlüğü üzerinde de belirleyici rollere 
sahiptir. Bor noksanlığında, hücre membranlarının sta-
bilitesi bozulmakta ve çok geçirgen/sızdıran bir özellik 
kazanmaktadır [18, 19]. Bor noksanlığında membran-
ların geçirgen bir özelliğe sahip olmasından dolayı,  
kök ve yaprak hücrelerinden dışarıya şeker ve amino 
asitleri gibi organik bileşiklerin salgısı (eksudasyonu) 
artmaktadır [18]. Salgılanan karbonca zengin bu orga-
nik bileşiklerin, daha sonra ortamdaki patojen sporları-
nın çoğalmasını ve dokuya patojen enfeksiyonunu teş-
vik ettiği tahmin edilmektedir. Bor noksanlığı altındaki 
bitkilerin hastalık etmenlerine karşı aşağıdaki neden-
lerden dolayı duyarlılık gösterdiği tahmin edilmektedir: 
i) hücre duvarlarının zayıflığı (böylece patojen girişinin  
kolaylığı) ve ii) patojenlerin çoğalmasında besi göre-
vi gören şeker ve amino asitlerin yüksek miktarlarda 
hücre membranlarından dışarıya salgılanması (eksu-
dasyonu).

2.2. Kök büyümesi (Root growth)

Bor noksanlığı altında köklerin büyümesinde artış hız-
lanmaktadır. Bor noksanlığı söz konusu olduğunda 
kök büyümesi yeşil aksam büyümesinden daha erken 
ve daha şiddetli biçimde etkilenir.  Bitkilerin bor nok-
sanlığı ortamına alınmasıyla kök büyümesinde saatler 
için bir durmanın ortaya çıktığı bilinmektedir [5, 13].  
İlginçtir ki, bazen, bor noksanlığı altında yeşil aksam 
büyümesinde daha herhangi bir azalma veya yaprak-
larda herhangi bir belirti ortaya çıkmadan önce, tane 
oluşumunda (Çizelge 2) ve kök büyümesinde azalma 
olabilmektedir (Y. Ceylan ve Ark, yayınlanmamış so-
nuçlar). Bu durum birçok bitki türünde görülebilir ve bu 
problemin tarla koşullarında önceden görülmesi veya 
anlaşılması zor olabilir.

Kök büyümesinin çok erkenden ortaya çıkması ile kök 
oluşumu azalmakta ve bu azalmalardan dolayı, bor 
noksanlığı altındaki bitkilerin su ve besin elementi alı-

mında da bir gerileme ortaya çıkabilmektedir. Sonuçta 
bor noksanlığı altındaki bitkiler, topraktaki su azlığına 
çok daha fazla duyarlılık gösterebilir. Benzer şekilde 
bor noksanlığı altındaki bitkiler, toprağa uygulanan 
azotlu veya fosforlu gübrelerden yeterince yararlana-
mayabilir ve sonuçta bitkilerin gübre kullanım etkinli-
ğinde de bir azalma söz konusu olur.  

Borun kök büyümesi üzerindeki bu çarpıcı etkisinde bir 
kaç faktörün belirleyici rolü olduğu düşünülmektedir. 
Bor noksanlığında kök büyümesinin hızlı bir biçimde 
duraklamasında toksik etkisi yüksek olan serbest oksi-
jen radikalleri belirleyici bir rol oynamaktadır [20]. Bo-
run, fotosentez ürünlerinin yapraklardan, kök ve yeşil 
aksamdaki büyüme noktalarına (meristematik organla-
ra) taşınmasında önemli bir rol oynadığı rapor edilmiş-
tir [15, 21]. Fotosentez ürünlerinin bor noksanlığında 
köklere taşınamaması durumunda, kök büyümesinde 
önemli bir azalmanın ortaya çıkması muhtemeldir. Ay-
rıca, borun hücre duvarlarının oluşumu ve sağlamlığı 
üzerindeki olumlu etkileri ve büyüme hormonu olan 
indolasetik asit (İAA) miktarı üzerinde arttırıcı etki gös-
termesi; borun kök büyümesi üzerindeki olumlu etkile-
riyle de doğrudan ilişkili olduğu söylenebilir. Bor nok-
sanlığı altında büyüme hormonu olan İAA’ nın oksidatif 
olarak hasarının arttığını gösteren araştırma bulguları 
bulunmaktadır [5].

2.3. Çiçeklenme ve meyve tutumu (Flowering and 
fruit setting)

Borun, generatif gelişmede özellikle polen canlılığı, 
çimlenme ve polen tüpü gelişmesinde, önemli rol oy-
nadığı en iyi bilinen fizyolojik rollerinden biridir [22, 23, 
24]. Polen tüplerinin sağlıklı bir büyüme ve işlev gös-
termesi bor yetersizliğinden şiddetli biçimde etkilen-
mektedir. Bu durum döllenmenin azalması ya da dur-
ması ile sonuçlanmaktadır (Resim 1). Borun bu önemli 
etkisi, Resim 2’de çeltik tohumlarında belirgin biçimde 
görünmektedir.

Resim 1. Çeltik tohum oluşumu süreci yeterli bor ile 
sorunsuz gerçekleşirken  (soldaki tohum), borun yetersiz 
olduğu koşullarda bu süreç aksamakta (ortadaki tohum) ya 
da hiç gerçekleşememektedir (sağdaki tohum). (Kaynak: 
B. Rerkasem, Chiang Mai Üniversitesi). (Rice seed formation 
process occurs smoothly with sufficient boron (seed on the left), 
In the case of insufficient boron, this process is either adversely 
affected (seed in the middle) or never occurs (seed on the right) 
(Source: B. Rerkasem, Chiang Mai University).

Çiçeklenmenin azalması ve oluşan çiçeklerin 
dökülmesi, bor noksanlığı altındaki bitkilerde sıklıkla 
görülen bir problemdir [22, Çizelge 2]. O nedenledir ki, 
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bor noksanlığında vejetatif büyüme (yeşil aksam büyü-
mesi) çok az veya hiç etkilenmediği halde, tohum ya da 
meyve üretimi bor noksanlığından fazlasıyla etkilen-
mektedir. Bu durum, çiçeklenme öncesi ve sırasında 
yapraktan bor gübrelemesi yapılmasının önemine işa-
ret etmektedir. Çizelge 2›den görüldüğü gibi, yaprak-
larda herhangi bir noksanlık belirtisi ve vejetatif büyü-
mede herhangi bir olumsuzluk ortaya çıkmadığı halde, 
tohum ve meyve oluşumu bor noksanlığından şiddetli 
biçimde etkilenebilmektedir. Bu durum, bitkilerde 
generatif dönemde yapraktan bor gübrelemesinin 
önemli olabileceğine işaret etmektedir. 

2.4. Baklagillerde nodül oluşumu ve azot 
fiksasyonu (Nodule development in legumes and 
nitrogen fixation)

Baklagillerin bora çok yüksek bir gereksinim gösterdiği 
bilinmektedir. Bunun ana nedenlerinde biri olarak azot 
fiksasyonu sürecinin ve nodül oluşumunun bor eksik-
liğinden çok fazla etkilenmesi olarak gösterilmektedir 
[25, 26, 27]. Örneğin, bezelye bitkisinin bor noksanlığı 
koşullarında yetiştirilmesi durumunda köklerde nodül 
oluşumunun önemli düzeyde azalma gösterdiği ve nit-
rogenaz enzim aktivitesinin azaldığı saptanmıştır. 

2.5. Alüminyum toksisitesinin azalması (Alleviation 
of aluminum toxicity)

Asidik topraklarda yaygın olan alüminyum toksistesi-
ne karşı borun olumlu (koruyucu)  etkisinin olduğu ve 
alüminyuma bağlı kök zararlanmasının borun yeterli 
olduğu koşullarda daha az görüldüğü rapor edilmiştir 
[28, 29, 30]. Bor, olasılıkla askorbik asit metabolizması 
üzerinden antioksidatif savunma mekanizmasını aktif 
tutarak alüminyum toksisitesine karşı koruyucu etki 
gösterdiği [31] ya da alüminyumun hücre duvarlarında  
tutunmasını/bağlanmasını etkileyerek (özellikle pektin 
maddesine bağlamasını sağlayarak) bitkilerin alümin-
yum zararından az etkilendiği düşünülmektedir [28, 
30].

3. Bitkilerin bor beslenmesini etkileyen çevresel 
faktörler (Environmental factors affecting boron 
nutrition of plants)

Borun bitki kök bölgesine çoğunlukla kitle hareketleri 
(su akımıyla) taşınıyor olması nedeniyle kurak koşullar-
da köklerin bor alımı azalabilir. Borun bitkiye ve kökten 
yeşil aksama taşınmasında terlemenin (transpirasyon) 
önemli olduğu bilinmektedir. Bundan dolayı, havadaki 
bağıl nemin yüksek olması durumunda (havalanması 

yetersiz ve düzensiz sulama yapılan seralarda yaygın 
olarak görülür) bitkilerin terleme oranı azalacağından, 
topraktan bitkinin yeşil aksamına (özellikle genç yap-
raklar ve filizlere ) bor taşınması ciddi biçimde azalır ve 
bitkilerde bor noksanlığı ortaya çıkabilir. Sera içi bağıl 
nemin yüksek olduğu koşullarda bitkilerin bor beslen-
mesine özel bir önem verilmelidir [32]. Bu tür koşullar-
da ortaya çıkan bor yetersizliği, yapraklarda herhangi 
bir noksanlık belirtisine neden olmadan (gizli açlığa yol 
açarak) verim üzerinde olumsuz etki gösterebilir.

Bor yetersizliği altındaki bitkiler, aşırı ışık ve sıcak-
lık koşullarına çok duyarlıdır. Yüksek ışık yoğunluğu 
altında ve uzun güneşli günlerde eğer bitkilerin bor 
beslenmesi yetersiz düzeyde ise yapraklarda bor nok-
sanlığı belirtileri daha hızlı gelişir ve “ışık yakması-za-
rarlanması” olarak bilinen foto-oksidatif zararlanma 
ortaya çıkar [18]. Bor, yaprakların absorbe ettiği ışık 
enerjisinin fotosentez olayında kullanılmasında önemli 
bir rol oynamaktadır. Eğer yaprakların absorbe ettiği 
ışık enerjisinin bor noksanlığından dolayı fotosentezde 
kullanımı azalırsa, yapraklarda bir enerji fazlalığı orta-
ya çıkar. Bu enerji özellikle ışık yoğunluğunun yüksek 
olduğu koşullarda aşırı miktarlara ulaşmakta ve tok-
sik etkinliği yüksek olan serbest oksijen radikallerinin 
oluşumuna yol açarak bitkide foto-oksidatif bir zarara 
(yanmaya) yol açmaktadır (Resim 2)

Bor uygulaması 
(mg/kg toprak) 

Yeşil aksam kuru 
maddesi (g/saksı) 

Çiçek sayısı 
(No/saksı) 

Tane verimi 
(mg/saksı) 

0 12.8 0 0 
0.25 13.0 6 0 

1 12.3 37 430 
2 12.3 37 1190 

 

Çizelge 2. Bor uygulamasının çayırüçgülü bitkisinde vejetatif ve generatif  gelişmeye etkisi [22] (Effect of boron on the vegetative 
and generative growth of red clover) 

Düşük Işık Düşük IşıkYüksek Işık Yüksek Işık

Yeterli Bor Varlığında Yetersiz Bor Varlığında

Resim 2. Farklı bor uygulamaları altında yetiştirilen ayçiçeği 
bitkisinin düşük ve yüksek ışık yoğunluğu altındaki büyü-
mesi ve yaprak zararı [İ. Çakmak, yayınlanmamış; bakınız 
ayrıca 18]. (The effects of low and sufficient boron on the growth 
and leaf damage of sunflower plants grown under high and low light 
intensity)

Sıcaklığın çok düşük olduğu koşullarda da bitkilerin 
bor noksanlığına karşı duyarlı olduğu bilinmektedir 
[33, 34]. Hava sıcaklığının çok düşük olduğu koşul-
larda bitkilerde kısırlık probleminin bor yetersizliği ile 
daha da arttığı rapor edilmiştir [35]. 
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4. Bitkide bor noksanlığı belirtileri (Boron deficiency 
symptoms in plants)

Bor noksanlığı özellikle kök ve yeşil aksamdaki aktif 
büyüme noktalarını etkiler. Yukarda da işaret edildiği 
gibi bor, bitki türlerinin çoğunda floem kanalında ha-
reketliliği (yani bitki içinde genç yapraklara ve aktif 
büyüme noktalarına taşınması) en zor olan besin ele-
mentlerinden biridir.  Bu nedenle, bor hareketliliğinin 
çok düşük olduğu bitkilerde bor noksanlığı önce bitki-
lerin en genç kısımlarında, kök büyüme uçlarında ve 
özellikle de meyvelerde ortaya çıkar. Genç yapraklar-
da şekilsel bozulmalar ve sararmalar ortaya çıkabilir. 
Yaşlı ya da büyümesini tamamlamış yapraklarda bor 
noksanlığı belirtileri pek görülmez. Ancak, bor noksan-
lığının çok ileri aşamasında genç yapraklar dışındaki 
yapraklarda da noksanlık belirtileri görülebilir.  Genel 
olarak tüm bitkilerde bor noksanlığında çiçeklenme-
de ve döllenmede ciddi boyutlarda azalmalar ortaya 
çıkar ve bitkilerin tohum üretme kapasitesi geriler. 
Bor, döllenmede belirleyici rolü olan polen tüpünün 
uzunluğunu/büyümesini doğrudan etkileyen bir besin 
elementidir [5, 36]. Çiçek dökülmesi ve meyve/tane 
oluşumunun gerilemesi de bor eksikliğinde sıklıkla 
karşılaşılan sorundur. 

Bitkilerde generatif organlar (çiçek, meyve, tohum), 
vegetatif organlara (yeşil aksam) göre bor noksanlığı-
na karşı daha fazla duyarlıdır (Tablo 2). Çoğu zaman 
yapraklarda borun herhangi bir noksanlık belirtisi gö-
rülmediği ve vejetatif büyümede herhangi bir azalma 
ortaya çıkmadığı halde; çiçeklenme, döllenme ve to-
hum oluşumu aksayabilir. Bazen “gizli bor noksanlığı/
bor açlığı” olarak da anılan bu durum bitkisel üretimde 
zaman zaman görülebilmektedir. O nedenle bitkilerin 
bor beslenme durumunu yaprak analizleriyle takip et-
mekte yarar vardır. Bu bağlamda, tarla ya da bahçenin 
bir bölümünde test amaçlı bor uygulamaları yapılarak 
bitkilerin bor gübrelemesine reaksiyonu incelenebilir.

5. Bor gübreleri ve bor gübrelemesi (Boron fertilizers 
and boron fertilization)

Bitkilerde bor noksanlığını gidermek amacıyla kul-
lanılabilecek çok sayıda değişik bor kaynakları bu-
lunmaktadır. Bunlardan en önemlileri: ETİDOT-67 
(disodyum oktaborat tetrahidrat; Na2B8O13.4H2O; 
% 20.9 B), boraks (Na2B4O7.10 H2O; %11 B), solu-
bor (Na2B8O13.4H2O, % 20 B), sodyum tetraborat 
(Na2B4O2.5H2O; % 14 B), borik asit (H3BO3 %17 B), 
üleksit (NaCaB5O9.8H2O, %13.3 B) ve kolemanit-
tir (Ca2B6O11.5H2O; % 15.8 B). Bor gübrelemesinde; 
ağır bünyeli ve pH’sı yüksek topraklarda çözünürlüğü 
yüksek borlu gübrelerin;  buna karşılık toprakta 
yıkanmanın fazla olduğu asidik kumlu topraklarda ise 
çözünürlüğü nispeten az olan borlu gübrelerin dikkate 
alınmasında yarar vardır. Yıkanmanın azlığı ve olası 
bor toksisitesi zararını en aza indirmek için asidik 
topraklarda kolemanit ya da üleksit kullanımı dikkate 
alınabilir [37, 38, 39]. Çözünürlüğü çok yüksek borlu 

gübrelerin özellikle asit karakterli toprak katmanların-
dan yıkanma olasılığı çok yüksektir [5, 8]. Bu nedenle, 
ülkemizin fındık ve çay üretim alanlarında olduğu gibi, 
asit karakterli ve yıkanmanın fazla olduğu topraklar 
için geliştirilecek olan bor içerikli gübrelerdeki borun 
çözünürlüğünün çok yüksek olması arzu edilmez.  

Tahıllar gibi bor gereksinimi düşük bitkiler için öneri-
len saf bor miktarı 100-200 g/da  civarındadır [5,11].  
Bu miktar çok üst miktarlara çıkarsa tahıllarda ciddi 
boyutta bir bor zararı ortaya çıkabilir. Bor gereksinimi 
yüksek olan bitkiler için önerilen saf bor miktarı genel-
likle 200 ile 400 g/da arasında değişmektedir. Bitkiye 
elverişli bor miktarı çok düşükse (örneğin ≤ 0.25 mg B/
kg ise), bitkilerin (özellikle bor gereksinimi yüksek olan 
bitkilerin) bor gübrelenmesi konusuna özellikle önem 
verilmelidir [5, 11].

Topraktan B gübrelemesi yapılacaksa,  mutlaka yüze-
ye serpme yapılmalı ve toprakla hafifçe karıştırılmalı-
dır. Eğer banda uygulama yapılacaksa uygulama dozu 
düşük tutulmalı ve çözünürlüğü nispeten az olan borlu 
gübreler kullanılmalıdır. Aksi durumda çimlenme aşa-
masındaki tohumlar, yeni gelişen kökler ve genç fideler 
uygulanan bor ile değinim gösterir ve zarar görebilir. 

Borun bitki içinde yaşlı dokulardan genç kısımlara ve 
çiçeğe taşınamaması nedeniyle yapraktan bor gübre-
lemesi önem taşımaktadır. Yaprak analizlerine dayalı 
bir yapraktan bor gübrelemesinde; uygulanacak su 
miktarına bağlı olmak üzere, genellikle 15-20 g B/da 
miktarının kullanılması ve bu uygulamanın vegetasyon 
dönemi içinde 2-3 defa yapılması önerilmektedir. ETİ-
DOT-67, solubor ve borik asit en yaygın kullanılan bor-
lu yaprak gübreleridir. Yapraktan bor uygulaması ideal 
olarak bitkilerin çiçeklenmesinden 10-15 gün önce ve 
tane, meyve veya yumru oluşum dönemleri başında 
yapılmalıdır. Yapraktan bor uygulaması için en iyi za-
man akşamüstü güneş batımına yakındır. 

6. Genel değerlendirme (Conclusion)

Bor elementi kültür bitkilerinin büyümesi ve verim oluş-
turma kapasitesi üzerinde belirleyici etkilere sahip olan 
bir elementtir. Çok yüksek miktarlarda bitki hücre du-
varlarında yer alan bor, buradaki morfolojik ve fizyolo-
jik fonksiyonlarıyla hem bitki büyümesi üzerinde hem 
de patojen penetrasyonuna karşı bitki direnci üzerinde 
önemli roller üstlenmektedir. Mutlak anlamda eksikliği-
nin var olduğu bir ortamda kök büyümesinin birkaç saat 
içinde durma göstermesi,  borun büyümeyi ne denli öl-
çüde etkilediğini göstermektedir. Bu bilgiler,  bitkilerin 
kök büyüme ortamında devamlı yeterli düzeyde bor 
bulunmasının önemine işaret etmektedir.  Borun diğer 
çarpıcı önemli rolü polen canlılığı ve döllenme üzerin-
deki rolüdür. Bitkilerin çok büyük bir bölümünde bitki 
içinde floem yoluyla taşınması zor olan bir element ol-
ması nedeniyle, döllenme sürecinin aksamaması için 
borun yapraktan gübreleme yoluyla bitkilere verilmesi 
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önemli olabilir. Üreticilerin mutlaka üretim yaptıkları 
alanlarda alanın bir bölümündeki bitkilere yapraktan 
bor gübrelemesi yaparak, bor gübrelemesinin etkisini 
incelemede ve izleyen yıllarda bor gübrelemesine ne 
denli gereksinim olup olmadığını belirlemelerinde ya-
rar vardır. 
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ABSTRACT
Most boron (B) behaviour in plants can be explained by complexation of B in 
cell walls and membranes which links the consequences of B deficiency to the 
disruption of cell wall and membrane function. Many symptoms of B deficiency 
reflect the localised and timely need for B for stabilisation of cell walls in tissues 
with expanding cells, e.g. flowers, fruit, root tips and shoot meristems. The internal 
B requirement of tissues for adequate function is determined by the abundance of 
rhamnogalacturonan-II (RG-II) which complexes B in the cell wall. Reproductive 
plant parts appear to be particularly at risk from low B supply, in part because 
they require relatively high concentrations of B compared to vegetative tissues.  
When external B concentrations are adequate to high, the uptake and distribution 
of B in plants can be largely explained by the uptake of water and its movement 
within the plant. However, under marginal and deficient external B concentrations, 
channels and transporters exert significant control of the uptake and distribution of 
B within the plant. Channels and transporters in roots promote uptake and loading 
of B into the xylem. For flowers, pollen and seed, with low rates of transpiration, 
channels and transporters are probably involved in their B acquisition under low 
external supply. The mobility of B in the phloem is variable among species. In 
most plants, B is immobile in the phloem and growing tissues rely substantially 
on B supplied through the xylem or by xylem-to-phloem transfer. However, if 
present in the phloem, B-complexing compounds, notably sugar alcohols, allow 
free mobility of B in the phloem so that B can be retranslocated within the plant of 
those species especially under deficient supply. 

ARTICLE INFO

Article history:
Received 29 September 2017
Received in revised form 27 December 2017
Accepted 27 December 2017
Available online 30 December 2017

Review Article

Keywords: 
Boron-complexing,
Boron requirements,
Cell wall,
Deficiency symptoms
Pectin, 
RG-II,
Sugar alcohols

1. Introduction

Significant new insights have emerged into plant bo-
ron (B) nutrition in the last two decades which have 
elucidated the essential role of B in plants, and shed 
light on the regulation of B mobility and distribution in 
plants [1-4]. Considering the factors affecting B distri-
bution in plants, it has been necessary to re-think the 
influence of: variable B requirements for the assembly 
of the expanding cell wall; active vs passive B uptake; 
variability amongst plant species and cultivars in B re-
mobilisation and retranslocation; and B channels and 
transporters.

This review begins with an examination of the role of 
B in the cell wall and its relationship to B deficiency 
symptoms in plants, then it discusses several studies 
in which factors affecting B distribution were exam-
ined. The case studies examine effects of:  B supply, 
growth rate of plants; shoot to root ratio; species and 
cultivar differences; transpiration rate of tissues, and; 
temperature. The aim of the review is to suggest direc-
tions for future research on factors affecting B distri-
bution in plants, and identify strategies for improved 

management of B nutrition in crops in the field. The 
scope of the review is on deficiency of B supply rather 
than toxicity. 

2. Boron essential for cell wall stabilisation

Deficiency of B can have either subtle or generalised 
effects on plant growth. But most of the symptoms can 
be attributed to the essential role of B in stabilising cell 
walls [5]. Boron forms bis-diol complexes with ramno-
galactoruan (RG-II) which stabilise the pectin layer of 
the cell wall [6]. Curiously, while B has been claimed to 
be an essential element for higher plants since 1923 
when reported by Warrington [7], it was only after the 
evidence of B complexation in RG-II that B satisfied 
the final criterion outlined by Epstein [8] for essential-
ity, namely that “the element is part of some essential 
plant constituent or metabolite”.

Many other putative roles of B have been suggested, 
but apart from its formation of a complex with RG-II 
that stabilises cell walls, few other roles have been 
sustained by critical evidence [9]. There is some evi-
dence that B forms complexes in protein domains in 
the cell membrane [10]. The in-vitro formation of a 
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glycosylinositol phosphorylceramides-RG-II (GIPC-B-
RG-II) complex, provides the first putative molecular 
explanation for wall-membrane attachment sites ob-
served in vivo, and suggests a role for GIPCs in the 
RG-II dimerization process [11]. Withdrawal of B from 
the external solution can cause measurable changes 
in cell wall and cell membrane functions within min-
utes. Other roles attributed to B may be secondary ef-
fects of B deficiency impairment of the structure and 
function of cell walls and membranes, which in turn 
hampers meristematic growth, and the utilisation of 
carbon assimilates for new growth. Boric acid forms 
stable complexes with cis-diol and bis-diol moieties 
and any additional essential roles of B are most likely 
to be associated with those compounds that form sta-
ble or semi-stable complexes with B [9, 12].

3. Localised effects of B deficiency

Many symptoms of B deficiency reflect the localised 
need for relatively small amounts of B for stabilisa-
tion of cell walls in tissues with expanding cells, e.g. 
flowers, fruit, root tips, shoot growth zones. While the 
amount required at any tgiven ime for expanding cells 
is small, the timing of supply is critical and interrup-
tion of B supply to the expanding tissues can cause 
irreversible damage to the cell wall and a cascade of 
secondary and tertiary effects. Recent studies suggest 
that RG-II can form a di-ester with B during synthesis 
or during secretion into the cell wall but not once se-
creted into the cell wall [13]. This may explain the ir-
reversible nature of many B deficiency symptoms that 
lead to distortion of stems, fruit, tubers or internal de-
fects in the tissues.

When the symptoms predominantly are expressed in 
reproductive tissues, the symptoms can have quite lo-
calised and subtle direct effects on plant growth (Fig. 
1A). Where the expression of B deficiency is predomi-
nantly in vegetative tissues, more generalised effects 
on plants are evident (Fig. 1B). In other species, such 
as oilseed rape and lentil (Fig. 1C and 1D), symptoms 

occur in either vegetative plant parts or reproductive 
plant parts depending on the timing and severity of B 
deficiency. 

The B requirements of plant tissues vary widely. In 
vegetative tissues, the variation in leaf B concentra-
tions can be explained by the uronic acid content of 
cell walls [14]. Graminaceae have low leaf B require-
ments due to low uronic acid content in cell walls. As 
a consequence, leaf elongation in wheat was only im-
paired by B concentrations < 1 mg B/kg [15]. By con-
trast in soybean, elongation of the youngest open leaf 
needed 10 -12 mg B/kg [16].

In general, the B concentrations required in repro-
ductive plant parts exceed those in vegetative plant 
parts (Table 1). In Graminaceae, the B concentrations 
required to avoid deficiency symptoms in flowers are 
5-10 fold higher than required in leaves. In dicotyle-
dons, even through their leaf B requirements are high-
er than monocotyledons, the flowers have higher B 
requirement still. 

There are many examples of very localised effects 
of B deficiency. Low B supply to black gram (Vigna 
mungo) for example had no negative effect on seed 
yield on a low B sand, but decreased seed B concen-
trations below 6 mg B/kg [17]. When the low B seed 
was imbibed, up to 25 % were non-viable and up to 
60 % of the emerged seedlings grew abnormally with 
symptoms such as abortion of the epicotyl, one or both 
cotyledons or the primary root, or a shortened hypo-
cotyl (Fig. 2). These defects were absent from germi-
nating seedlings when seed had higher B concentra-
tions.  In the case of peanut and soybean, even where 
low B supply had no detrimental effect on seed yield, 
the low B seed were deformed resulting in symptoms, 
called hollow heart, on the inner surfaces of the cot-
yledon of peanut [18] or on the outer surface of the 
soybean seed [19, 20]. These B deficiency symptoms 
are restricted to specific parts of the seed and suggest 
that during seed development, B unloading into cells 
developing in either the embryo or the cotyledon was 

Species Plant part B concentration 
in affected part 

(mg B/kg) 

Source 

Wheat Youngest emerged leaf <1 [15] 
 Ear at booting 3-7 [21] 
 Carpels at booting <6 “ 
 Anthers at anthesis < 10 [22] 
Rice Flag leaf 3.2-3.3 [23] 
 Palea and lemma 2.5-3.3 “ 
 Anther < 20 “ 
Oilseed rape Youngest open leaves <10 [24] 
 Flowers and flower buds 40 [25] 
Sunflower Leaf <20-25 [25, 26] 
 

Table 1. Boron concentration in plant parts exhibiting B deficiency symptoms
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inadequate resulting in irreversible damage to the cell 
walls formed. 

Wheat sterility is another example of very localised B 
deficiency, albeit with severely damaging effects on 
crop yield [27, 28]. The B requirement for leaf growth 

in wheat is extremely low. However, withdrawal of 
external B during young microspores stage of pollen 
development for even 3-5 days results in severe 
sterility (Fig 3; Table 2). The critical stage of pollen 
development during young microspore development 
[28] may last for no more than a few days in wheat 

Figure 1. Boron deficiency symptoms: A. Profound growth depression in eucalyptus in Southern China in the foreground compared to the 
tall trees treated with B in the background. Photo credit:  B. Dell; B. Subtle B deficiency in wheat in Bangladesh. Boron deficiency causes 
sterility of pollen and failure of grain set in the ear, but vegetative growth of the crop is unimpaired; C.  Profound B deficiency in oilseed rape 
in Zhejiang Province China, causing severe stunting of plants and failure of most plants to flower or set pods (in centre of the photograph) 
compared to plants in either side with B fertiliser added; D. Profound and severe B deficiency in lentil in northern Bangladesh resulting in 
stunted plants, yellowing of young leaves and abortion of flowers.
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grown in sub-tropical regions where B deficiency and 
wheat sterility are common [29]. Huang et al. [30] 
showed that withdrawal of B from the external solu-
tion during the young microspore stage induced pollen 
sterility of wheat in spring, but not for plants grown in 
the winter season. 

Growth and development of reproductive plant parts 
appears to be particularly at risk from inadequate al-
location of B to these tissues or to interruptions to B 
supply. The distinctive characteristic of B is the local-
ised demand for B by all cells for a short period while 
the cell walls are expanding. Only concentrations < 
2-3 mg B/kg impair maize leaf growth.  By contrast, 
the minimum B requirement for maize pollen germina-
tion is 11 mg B/kg [31]. Similarly in rice, Lordkaew et 
al. [23] showed the anthers required > 30 mg B/kg to 
achieve maximum grain set and pollen viability.

The higher B requirement for pollen development may 
be attributed to greater pectin content in cell walls 
compared to leaf tissues. However, other factors may 
be involved. During the critical phase of pollen devel-
opment of wheat for example, the ear is enclosed with-
in leaf sheath and hence its water loss by transpiration 
is very limited which impairs the xylem supply of B to 
the pollen.  

Moreover, in most plants, there is limited retransloca-

tion of B in phloem so restriction of xylem supply of 
B to the developing pollen, flower or fruit can have 
severe effects on reproductive growth [27]; (Fig. 4). 
However, factors controlling B long distance and short 
distance transport to zones of expanding cells across 
a wide range of plant species are not well understood. 
Various factors affecting B distribution are discussed 
below: cultivars, growth rate, temperature, phloem 
mobility of B. In other cases, B deficiency damages 
the xylem vessels with consequences for B transport 
in the shoot [32]. 

In conclusion, the expression of plant B deficiency 
symptoms is quite revealing about B roles and 
function in plants. Firstly, primary deficiency occurs 
predominantly (perhaps exclusively) in rapidly growing 
tissues. Secondly, dicotyledons are more sensitive 
than monocotyledons to B deficiency on account of 
the higher B requirement in their cell walls that have a 
higher content of RG-II, the moiety that stabilizes the 
cell wall by formation of complexes in the pectin layer 
with boric acid. Thirdly reproductive tissue and fruits 
are frequently the most sensitive stage of growth for 
B deficiency. The extreme sensitivity of reproductive 
tissues to B deficiency can be attributed to the higher 
demand for B in their cell walls as a result of higher 
pectin content and to restricted delivery of B via 
xylem to non-transpiring organs. Fourthly, deficiencies 
can occur very quickly and be restricted to an highly 

Figure 2. Boron deficiency symptoms of seeds and germinated seedlings: A. on the internal face of the cotyledon of peanut (called hollow 
heart); B. as a dimple on the outer surface of soybean seeds; C. aborted epicotyl and; D. aborted primary roots of black gram seedlings after 
germination of low B seed.
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specific organ. Finally, chlorosis and necrosis occur 
as B deficiency symptoms in only a limited number of 
species and rarely as a first symptom. Symptoms such 
as yellowing and many reported roles of B are likely 
secondary or tertiary effects of the primary deficiency 
that impairs cell wall stabilization, and perhaps 
membrane function. In some plant species, leaf 
chlorosis is a symptom of B deficiency (e.g. lentil- see 
Figure 1). It is likely that oxidative damage causes leaf 
chlorosis in the B deficient plants of lentil (and some 
other species such as lucerne), but the primary cause 
of the increased activity of reactive oxygen species, 
that cause oxidative damage, is due to suppressed 
demand for assimilates due to the slow down in growth 
of newly-forming B-deficient tissues.

4. Boron distribution and redistribution

When external B concentrations are adequate to high, 
the uptake and distribution of B in plants can be largely 
explained by the uptake of water and its movement 
within the plant[4]. Highest B concentrations will accu-
mulate in old leaves and in the tips and margins of old 
leaves. However, under marginal and deficient exter-
nal B concentrations there is evidence of complex con-
trols involving channels and transporters in the uptake 
and distribution of B within the plant [4]. Channels and 
transporters in roots promote uptake and loading of B 

into the xylem. Additional transporters are expressed 
in flowers, pollen and seed [33] which may explain 
how tissues with low rates of transpiration can acquire 
their B requirements under low external supply. In rice, 
the NIP3;1 channel is expressed in the nodal tissue of 
the stem which facilitates the transfer of B within the 
shoot away from the leaves that transpire most water 
to the expanding cell walls and meristems of leaves 
and the panicle [34].

Wheat is an interesting case for the transport of B 
into the reproductive tissues, since during its early 
development, the ear is entirely enclosed by one or 
more layers of leaf sheath that suppress transpirational 
water loss from the ear. Hence the direct transport of 
B in the xylem to the ear during this stage is likely to 
be minimal. Moreover, the ear is supplied with sugars 
from the phloem but not with water. The wheat ear is 
particularly sensitive to sterility due to interruptions of B 
supply to the ear [29]. To explore the role of transpiration 
in B partitioning into the ear of wheat, Huang et al. [35] 
applied a short term canopy cover of wheat plants and 
then determined the uptake of B into both the youngest 
emerged leaf and the ear.  The canopy cover greatly 
suppressed leaf transpiration and decreased the 
amount of newly acquired 10B in both the flag leaf and 
the ear, but not in the upper stem segments. However, 
even with low external B concentrations, 11B continued 

Figure 3. A: Withdrawal of external B supply for more than 3 days (anthers on the left compared to B-adequate anthers on the right) restricted 
elongation of the anther of wheat; B: Stunted size of wheat florets under B deficiency  (right) compared to B-adequate florets (left). Photo 
credits: L. Huang

Figure 4. A. Boron deficiency of oilseed rape on low B soils in Zhejiang province, China. Abortion of flower buds was one of the B deficiency 
symptoms. B. Complete flower abortion of black gram. As a consequence of flower abortion and suppression of apical shoot growth, 
assimilates accumulated in existing plant parts, producing thickened petioles, stems and leaves (which were also very dark green).
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to accumulate in the ear. The results can be explained 
as follows: whilst the young ear was still fully enclosed 
within the leaf sheaths, with minimal transpirational 
water flux, B transport into the ear is dependent on 
the long-distance B transport in the xylem that in turn 
is driven by leaf transpiration. The transport of B into 
the ear followed xylem – to – phloem transfers of B 
taken up by the roots [35]. Shelp et al. [36] similarly 
concluded that B supply to the head of broccoli 
depended on xylem – to – phloem transfers.  Huang et 
al. [35] suggested that transfer cells are the likely site 
for xylem – to – phloem transfer. It possibly involves 
homologous channels to NIP3;1 found in the nodes 
of rice [34]. If so, the presence and regulation of B 
transporters in transfer cells warrants further research 
in a wider range of plant species. Chaterjee et al. 
[37] showed the B efflux transporter, Rotten Ear, had 
strongest expression in the tassel and ear of maize 
and this transporter was critical for the meristematic 
growth and cell wall development in those plant parts. 

Boron is unique among the essential plant nutrients in 
that its mobility in the phloem varies among species 
[38]. Three categories of plants can be recognised ac-
cording to the phloem mobility of B; species in which 
B is freely mobile in the phloem due to B-complexing 
compounds in the phloem, notably sugar alcohols 
such as mannitol and sorbitol. The free mobility of B 
in the phloem ensures that B can be retranslocated 
within the plant especially under deficient supply. 
However, in most plants B is immobile in the phloem 
and growing tissues rely substantially on B supplied 
through the xylem or by xylem – to – phloem transfer 
[39].  In the majority of plant species where B is im-
mobile in the phloem, interruption of external B sup-
ply causes sudden and potentially severe effects on 
vegetative growth or yield. A third group of plants show 
an intermediate level of B mobility in the phloem (broc-
coli – [36]; peanut – [40]; oilseed rape - [41]; various 
tree species – [42]) but the mechanism is not clear. 
Stangoulis et al. [43] suggested that B complexes with 
sucrose may facilitate a degree of phloem mobility 
but not as much as the sugar alcohols because the 
B-sucrose complex is weaker. Lehto et al. [42] found 
variable degrees of B retranslocation among a range 
of tree species that produce a range of sugar alcohols 
but could not attribute the variation to the presence or 
absence, the type or the level of sugar alcohols pro-
duced. 

Wheat sterility has been attributed to a temporary 
interruption in B supply to the ear during the period 
of young microspore development [29]. Low vapour 
pressure deficit during this period is considered to 
be an environmental condition that interrupts B flux 
through the plant and suppresses B uptake into the 
anthers. Based on the findings of Huang et al. [35], 
only 3-5 days interruption to B supply would be suffi-
cient to substantially increase pollen sterility in wheat. 
In woody tree species, dry periods that interrupt B 
supply can cause wood deformities that make the tree 

worthless as timber. Presumably, the deformed wood 
suffered from damage to cell walls during cell expan-
sion. In Figure 5, sunflower leaves in the upper and 
lower canopy were free of B deficiency symptoms 
while the mid canopy leaves that formed during a pe-
riod of drought and restricted B uptake, showed classi-
cal B deficiency symptoms (P. Blamey personal com-
munication).

Factors controlling B long distance and short dis-
tance transport to zones of expanding cells are not 
well understood [4]. Interruptions to B supply, or re-
stricted supply of B to these tissues, whether they be 
in root or shoot (vegetative or reproductive) meriste-
matic regions is likely to induce deficiency. However, 
in woody plants, B reserves may buffer the growing 
tissues from restrictions in B uptake [44]. In plant spe-
cies that are able to freely re-mobilise B as B com-
plexes in the phloem, the meristematic growth is also 
buffered from interruption of external B supply. Brown 
et al. [45] for example showed that wild type tobacco 
suffered B deficiency within 12 hours of transfer from 
B-adequate solution to minus B solution. By contrast, 
transformed tobacco containing the gene for sorboitol 
formation was able to grow normally with no root B 
supply provided B was applied to leaves. The capacity 
to produce sorbitol allowed transgenic tobacco to re-
translocate B from leaves to the flowers and maintain 
adequate supply for the flowers to fertilise normally 

Figure 5. Sunflower showing B deficiency symptoms in mid-canopy 
leaves that formed during a period of drought and restricted B 
uptake compared to upper and lower canopy leaves that are free of 
B deficiency symptoms. Photo credit:  P Blamey.

and produce seed.

In other cases, the greater tolerance to B deficiency in 
reproductive plant parts appears to be related not to 
phloem mobility but to xylem – to – phloem transfer. 
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When exposed to 5 days of low external B (0.1 uM), 
wheat cv. Fang was able to maintain B concentrations 
in ears at 7 mg B/kg and experienced no change in 
pollen viability subsequently [46]. By contrast, the 
same period of low external B supply decreased pollen 
sterility to 53 % in wheat cv. SW41 while the ear B con-
centration dropped to 3.8 mg B/kg. The extra B in the 
ear of cv. Fang was attributable to 10B isotope taken 
up by roots during the period of low external B sup-
ply, rather than the retranslocation of 11B that had been 
supplied earlier. Hence it was concluded that cv. Fang  
had greater ability to maintain B supply to the ear dur-
ing periods of interrupted B supply, and avoid pollen 
sterility, due to xylem – to – phloem tranfers of concur-
rent B uptake by roots rather than by retranslocation of 
previously absorbed B. Further research in B efficient 
wheat cultivars should examine the expression of B 
transporters and channels that might facilitate the up-
loading of B from the xylem into the phloem, possibly 
through transfer cells in the upper stem nodes.

5. Environmental factors affecting B distribution

Several recent investigations suggest that a number of 
environmental factors induce B deficiency in expand-
ing tissues and are associated with reduced B con-
centrations in these tissues. Factors include dry soils 
[47], high light [48], high canopy humidity [35, 49] and 
low root temperature [50-52]. Some of the environ-
mental effects directly alter B uptake such as dry soils 
[47]. Others alter demand  for B, while others indirectly 
cause B deficiency by changing the demand for B, or 
the partitioning of B within the plant.

Huang et al. [48] showed that high light intensity in-
creased the external B requirements for sunflower 
due to two influences. Firstly, it increased overall B 
demand in the shoot due to the stimulation of growth. 
Stimulation of growth will tend to dilute plant B and 
hence may induce B deficiency if external supply is 
marginal. In addition, more B was preferentially par-
titioned to the older leaves presumably because they 
transpired more water under high light than the young 
emerging leaves that rely more on xylem – to – phloem 
transfers to maintain adequate B supply. Similarly Ye 
et al. [52] concluded that root zone temperature (RZT) 
above the critical threshold for chilling injury in oilseed 
rape can alter the incidence of B deficiency by alter-
ing shoot–root ratio and hence the balance between 
shoot B demand and B uptake. In the study by Ye et 
al. [51], lowering RZT from 20 to 10 oC increased the 
B concentration in the youngest open leaf in part by 
decreasing shoot-to-root ratio and in part by increas-
ing the B partitioning to the young leaf. This was at-
tributed to lower water flux to old leaves under 10 oC 
RZT which together with a decreased demand for B in 
the young leaf also ensured a continued adequate B 
supply to those growing leaves. Furthermore, Eichert 
and Goldbach [49] reported that the mobility of B in 
the phloem of Ricinus communis varied with change 
in the relative humidity in the shoot canopy. Hence en-

vironmental factors alter the distribution of B in shoots 
by changing B uptake, B demand and B partitioning 
into growing plant parts where the highest demand for 
B exists. However, further research is needed to un-
derstand how these environmental factors affecting B 
and water uptake and distribution can be integrated to 
predict impacts on B deficiency in crops.

6. Implications for B fertiliser management

The mobility of B in the phloem has a major bearing 
on B fertiliser management for a particular crop spe-
cies. If B is immobile in the phloem, which accounts 
for most plant species, soil-applied B fertilizers are 
effective only while soluble and present at sufficient 
concentrations in the soil solution for adequate plant 
B uptake. However, the B deposited within the cells of 
a plant part B cannot be remobilized if B is immobile 
or only slightly mobile in the phloem. Leaching of B 
fertiliser may cause soil solution B levels during the 
growing season to drop below the concentrations re-
quired for adequate uptake. In these circumstances 
the B absorbed earlier by the plant is not available to 
be remobilized to maintain new growth. Slow release 
forms of B fertilizer can maintain an adequate supply 
to the crop for a longer period under leaching condi-
tions [53]. Dry soil conditions in topsoil have been 
shown to depress B uptake due to restricted B uptake 
even through the amounts of extractable B may still be 
sufficient [47]. 

Foliar B fertilizers can be applied to correct B defi-
ciencies that appear during the growing season [54]. 
However, B foliar fertilisers are effective only on the 
tissues sprayed and have no ability to provide suffi-
cient B for subsequent growth of species in which B is 
immobile in the phloem.  By contrast, in species such 
as almond, foliar spaying of B to leaves in the autumn 
can be stored in the stem and buds, and remobilised 
to support new leaf and flower growth in the spring 
when the demand for B for new growth may outstrip 
the capacity of roots to absorb B [55].

Soil applications of B are effective in most circum-
stances, except when high rates of B leaching remove 
B from the root zone, or dry soil conditions restrict root 
access to fertiliser B. Species with phloem B mobil-
ity are more resistant to short term B deficiency than 
those without since B stored in old leaves or stems 
can be remobilized to buffer the decline in root uptake. 
Temporary B deficiency is difficult to diagnose by plant 
analysis because the circumstances that lead to a de-
ficiency may have already passed by the time the leaf 
sample is collected and analysed [56].

Evidence continues to accumulate for a beneficial ef-
fect of B foliar applications on expanding tissues, even 
when plant analysis reveal leaf B concentrations well 
above the levels required to avoid B deficiency for leaf 
growth itself [57].
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YAZAR KILAVUZU

1. Genel bilgi

BOR Dergisi (Journal of BORON), sadece bor ile il-
gili bilimsel çalışmaların, özgün nitelik taşıyan temel 
araştırmaların, teknik uygulamaların yer aldığı Bilim 
Dünyasında ilk ve tek dergidir. Bor Dergisi, bor bilimi, 
bor teknolojisi, bor kullanımı, bor kimyasal maddeleri 
ile bor kullanılan alanların tüm çerçevesini kapsamak-
ta olup; fen, tıp, enerji, mühendislik, eczacılık, tarım, 
savunma sanayi, madencilik, kimya ve uzay sanayi 
dallarında geniş bir alanda disiplinler arası araştırma 
olanağı sağlayan yenilikçi bir element olan bor ele-
mentine odaklanmaktadır. 

Dergi, bor ile ilgili ulusal ve uluslararası alanlarda ya-
pılan bilimsel çalışmaları, güncel teknolojileri, özgün 
teknikleri ve yaklaşımları yayımlar. Fen, tıp, enerji, mü-
hendislik, eczacılık, tarım, savunma sanayi, madenci-
lik, kimya ve uzay sanayi gibi alanlarında bor ile ilgili 
makaleleri bekliyoruz. 

Bor Dergisi’ne gönderilen tüm bilimsel makaleler önce 
Baş Editör tarafından değerlendirilir. Gerekli öncelik 
derecesini sağlamayan, Yazar Kılavuzuna uyma-
yan ya da dergi kapsamında olmayan makaleler 
daha ileri değerlendirmeye alınmaz ve ayrıntılı yo-
rum yapılmadan yazarlara geri gönderilir. Öncelik 
ve/veya kapsam yönünden yapılan bir değerlendirme 
göreceli olduğundan, sadece bu yönden değerlendir-
meye bağlı ret kararlarının hatalı olduğunu kanıtlama 
çabalarının nadiren de olsa başarılı olabileceğine dik-
kat edilmelidir.

Gerekli şartları karşılayan yazılar özgünlük ve kalite 
ölçütleri yönünden hakem incelemesine tabi tutu-
lur.  Yazarlar Sunuş Mektubunda çalıştıkları kurum 
ve e-posta adresleri ile birlikte konu ile ilgili beş ha-
kem önerebilir. İnceleme sonrasında karar, ‘‘Büyük 
Düzeltme” şeklinde ise makalenin düzeltilmiş yeni hali 
tekrar gönderilebilir, ancak hakemler düzeltilmiş ma-
kalede hâlâ önemli sorunlar belirlerse makale kesin 
olarak reddedilir. Kabul edilen makaleler yazımla ilgili 
değişikliklere tabi tutulabilir.  Bir makalenin gerçeklere 
dayanan doğruluğunun sorumluluğu tamamen yazarı-
na aittir. 

Bilgi hırsızlığı (intihal), verilerin uydurulması, so-
nuçları tahrif etmek/iyileştirmek için görüntüyü/ve-
rileri değiştirmek, hakem değerlendirme sürecini 
etkilemek vb. dâhil, ancak bunlarla sınırlı olmayan 
tüm durumlar makalenin reddine/geri çekilmesine 
neden olacaktır.

Bu dergi, YÖK Bilimsel Araştırma ve Yayın Etiği Yö-
nergesi kurallarını kabul eder ve şüpheli araştırma 
durumlarını ve yayın suistimallerini takip eder. YÖK 
Bilimsel Araştırma ve Yayın Etiği Yönergesi hakkında 
daha fazla bilgi için YÖK’ün websitesi http://www.yok.
gov.tr/web/guest/icerik/-/journal_content/56_INSTAN-
CE_rEHF8BIsfYRx/10279/18187 adresini ziyaret ede-
bilirsiniz. 

2. Bilimsel yazıların kategorileri

Bilimsel yazılar üç kategoride yayına kabul edilmek-
tedir:

a.) Özgün araştırma makalesi: Tamamlanmış çalış-
maları açıklayan, en çok 30000 karakterden (boşluklar 
dâhil) oluşan ve yeni sonuçlar içeren deneysel ve teo-
rik çalışmalardan oluşmaktadır.  Araştırma makalesin-
de ayrıca en çok 8 şekil ve en çok 6 çizelge yer alabilir. 

b.) Kısa araştırma makalesi: Hızlı bir şekilde yayım-
lanması istenen kısa ve önemli sonuçları açıklayan ya-
zıdır. Bu yazı 18000 karakter (boşluklar dâhil ) ve 6’ya 
kadar şekil içerebilir.

c.) Derleme makalesi: Belirli bir konu hakkında ya-
yımlanmış bilgileri özetleyen ve araştırmacıların kendi 
sonuçlarıyla sınırlı olmayan yazıdır. Sadece literatür 
taramalarıyla oluşan bilgi topluluğundan ziyade maka-
lelerin kapsamlı bir eleştirel açıklanması ve seçimi ön-
celiklidir. Bu yazı genellikle 45000 karakteri (boşluklar 
dâhil) geçmemeli ve en fazla 15 şekil içermelidir.

3. Yazıların dergiye gönderilmesi 

3.1. Genel 

Bu dergideki makaleler hem basılmış halde hem de 
elektronik ortamda (on-line) görünecektir. Yazarlar 
kabul edilen makaleleri için hiçbir ücret ödemeyecek-
lerdir. Yayımlanması kabul edilen yayın haline dönüş-
türülen yazıların telif hakkı BOREN’ e aittir. BOREN, 
makalenin yayımlanmasının ardından, makalenin ya-
zar/yazarlarına, “Kamu Kurum ve Kuruluşlarınca Öde-
necek Telif ve İşlenme Ücretleri Hakkındaki Yönetme-
lik” kapsamında telif ücreti ödeyecektir.

3.2. Makale nasıl gönderilir? 

Yazılar, web tabanlı Makale Sunum Sistemi kullanı-
larak elektronik ortamda BOR Dergisine (journal of 
BORON) gönderilmelidir.  Bu hizmet yazıların hızlı, 
güvenli gönderimini ve hızlı değerlenmesini sağlar. Ya-
zıların gönderilmesi aşağıdaki basamaklardan oluşur:  

a.) Yazılar ve şekiller aşağıda verilen talimatlara göre 
(Bölüm 4.1’ den 4.9’ a kadar) uygun biçimde hazırlan-
malıdır. Yazılar,  Bor Dergisinin (Journal of BORON ) 
burada verilen bilimsel ve biçimsel talimatlarına uy-
mak zorundadır. Bu talimatlara derginin ana sayfa-
sında http://dergipark.gov.tr/boron “Yazar Kılavuzu” 
kısmından ulaşabilirsiniz. 

b.) Yazarlar ilk gönderisi için http://dergipark.gov.tr/re-
gister adresinden “Kayıt Sayfasına Gidiniz” sekmesini 
kullanarak dergiye kayıt olmalıdır. 

c.) Derginin web sitesinde verilen ‘‘Açıklamalar’’ 
dikkatlice okunmalıdır. Bu sistem makale gönder-
me sürecinde rehberlik eder.  Online yardım, süreç 
boyunca her zaman kullanılabilir. Yazarlar makale 
göndermeyi sonlandırmadan önce, herhangi bir aşa-
mada çıkış/tekrar giriş işlemlerini yapabilirler. Tüm 
başvurular kesinlikle gizli tutulur. Online başvuru prog-



ramı ile ilgili tüm sorunlarınız için fkuru@boren.gov.tr 
ve ormanabdullah@gmail.com  editörel destek adres-
leri ile temas kurabilirsiniz. 

Yazar, yazının başka bir yerde ya da dergide kısmen, 
tamamen ya da başka bir formatta yayımlanmamış 
olduğunu doğrulamalıdır. Makaleyi gönderen yazar 
(‘‘Sorumlu yazar”)  diğer tüm yazarların sorumluluğunu 
kabul eder. Makaleyi gönderen yazar, tüm ortak yazar-
ların makaleyi gördüklerini ve bu dergiye göndermeyi 
kabul ettiklerini onaylar. 

Tüm bilimsel yazılar, hakem değerlendirmesi-
ne tabi tutulacak ve özgünlük, yenilik ve kalite 
açısından değerlendirilecektir. Yazarlar, Sunuş 
Mektubunda kurumsal e-posta adresleri ve website 
linkleri ile birlikte değerlendirme sürecinin dışında tut-
mak istedikleri 5 hakem de önerebilirler. 

Düzeltme istenen makaleler yalnızca iki ay içinde dü-
zeltilip tekrar gönderildikleri takdirde ilk sunuş tarihle-
rini korurlar.  

Eğer Bor Dergisine başka bir yerde yayımlanan bilgile-
ri (örneğin şekiller) gönderiyorsanız, bu bilgilerin BOR 
Dergisinde tekrar basılması için izin almanız gerektiği-
ne dikkat ediniz.

4. Yazıların organizasyonu

4.1. Birinci sayfa içeriği

1.) Yazının başlığı:  Ana bulguları kapsayan gerekti-
ğinde standart kısaltmalarla birlikte kısa ve açık şekil-
de en çok 15 kelimeden oluşmalıdır. 

2.) Yazarların tam adları (ilk adları dâhil) ve kurum-
ları: Eğer yayın farklı kurumlarda çalışan yazarların 
ortak çalışması ise, çalıştıkları kurumlar her yazarın 
adı 1, 2 gibi üst rakam ile numaralandırılarak açık bir 
şekilde belirtilmelidir.

3.) Sorumlu yazarın adı (ve unvanı), posta adresi 
ve e-posta adresi vb. gerekli iletişim bilgileri gön-
derilmelidir. 

4.) Makalede geçen standart olmayan kısaltmaların 
bir listesi.

5.)Konu ile ilgili en çok 5 anahtar kelime alfabetik 
olarak yazılmalıdır. 

4.2. Bölümler

Yazılar aşağıdaki gibi bölümlere ayrılmalıdır:

i.) “Özet”:  Ana metne atıf yapmadan konuyu anla-
şılır bir şekilde özetlemelidir. Özet, araştırma ve der-
leme makaleleri için 220 kelimeyi geçmemelidir. Kısa 
araştırma makaleleri için 80 kelimeyi geçmemelidir. 
Standart olmayan kısaltmalar ilk kullanıldığında tam 
olarak yazılmalıdır. Alıntı yapılan her kaynak tam ola-
rak verilmelidir. Türkçe yazılar için özetin İngilizcesi de 
yazılmalıdır.   

ii.) “1 Giriş”: Araştırma konusunu, sorunun açıklan-
masını ve bu konu ile ilgili var olan literatürün kısa bir 
araştırmasını içermelidir. 

iii.) “2 Malzemeler ve yöntemler”: Araştırmada kulla-
nılan özel malzeme, donanım ve cihazlar bu bölümde 
üreticisinin adı ve mümkünse yeri (şehir adı) ile birlikte 
verilmelidir. 

iv.) “3 Sonuçlar ve tartışma”

v.) “4 Sonuçlar”

vi.) “Kaynaklar” 

Bölümlerin alt başlıkları numaralandırılarak verilmeli-
dir. 

4.3. Kaynaklar 

Kaynaklar metin içerisinde geçiş sırasına göre ar-
dışık bir şekilde numaralandırılmalıdır. Metin içe-
risinde kaynaklar [2, 13] gibi parantez içerisinde ve-
rilmelidir. Metin içerisinde verilen kaynak numaraları 
yazının sonunda “Kaynaklar” başlığı altında sırasıyla 
verilmelidir. Dergi başlıkları aşağıdaki WEB sayfasın-
da verildiği gibi kısaltılarak verilmelidir.

http://woodward.library.ubc.ca/research-help/journal-
abbreviations/ . 

Kaynaklar için örnekler aşağıda verilmiştir: 

Dergi

[1] Şimşek T., Barış M., Synthesis of Co2B nanostruc-
tures and their catalytic properties for hydrogen gene-
ration, BORON, 2 (1),  28-36, 2017.

Kitap

[2] Grimes R. N., Metal Interactions with Boron Clus-
ters,  1st edition,  Springer Science+Business Media,  
New York ,1982. 

Kitaptan bir bölüm ise:

[3] Gürü M., Çakanyıldırım Ç., “Boron Hydrides, 
High Potential Hydrogen Storage Materials”, Chap.4: 
Hydrogen Cycle with Sodium Borohydride, Nova Sci-
ence Publisher Inc.,  New York,  2010. 

Tez

[4] Yalçınkaya Ö., Bazı eser elementlerin alumi-
yum oksit/tek duvarlı karbon nanotüp ve zirkon-
yum oksit/bor oksit nano malzemeleri kullanılarak 
katı faz özütleme tekniği ile zenginleştirilmesi ve ta-
yini, Doktora Tezi, Gazi Üniversitesi, Fen Bilimleri 
Enstitüsü, Ankara, 2010.

Kongre veya sempozyum

[5] Yılmaz O., Bilen M., Gürü M.,  Absorption of CO2 
in boron solutions and recovery as industrial chemical 



products, IV. International Conference on Nuclear and 
Renewable Energy Resources, Antalya-Türkiye, 27-
29 Ekim, 2014.

•	 Birden fazla yazarlı makalelerde ilk yedi yazar ile 
sınırlıdır, daha fazla varsa vd. şeklinde devam et-
melidir. 

•	 Baskıdaki makalelerin DOI numarası belirtilmeli-
dir. 

•	 Tüm seri yayınlara dergilerle aynı şekilde atıf ya-
pılmalıdır. 

•	 Web sitesi adresleri (URL) kaynak olarak verilme-
melidir. Ancak metin içerisinde verinin geçtiği yer-
de veriden sonra belirtilmelidir.

4.4. Teşekkür

Maddi destek kaynaklarına ilişkin teşekkür yazısı met-
nin sonunda kaynaklardan önce ayrı bir sayfada veril-
melidir. 

4.5.  Çıkar çatışması

Tüm yazarlar mali ve ticari çıkar çatışmalarını bildir-
melidir. Çıkar çatışması yoksa bile bu husus teşekkür 
bölümünü takiben ayrı bir paragraf olarak şu şekilde 
ifade edilmelidir: “Yazarlar çıkar çatışması olmadığı-
nı beyan ettiler”. Bu husus tüm makaleler için zorunlu 
bir gerektir.

4.6. Çizelgeler

Çizelgeler, uygun başlıklar ve normal rakamlarla nu-
maralandırılmış bir şekilde metnin sonunda her şekil 
ayrı bir sayfada olacak şekilde verilmelidir. Sütun baş-
lıkları mümkün olduğunca kısa tutulmalı ve birimleri 
içermelidir. Çizelge dipnotları çizelge ile aynı sayfada; 
a), b), c) gibi gösterilmelidir. 

4.7. Şekiller, şemalar ve başlıklar

Şekiller 80 mm genişliğine küçültüldüğünde basılabile-
cek kalitede olmalıdır. Sayılar, yazılar ve simgeler ye-
terli büyüklükte okunaklı olmalıdır. Tüm şekiller metin-
de atıfta bulunularak numaralandırılmalıdır. Her şeklin 
içeriğini açıklayan bir başlığı olmalıdır. 

4.8. Yapısal diyagramlar ve matematiksel          
denklemler     

Molekül yapılarının yanı sıra matematiksel denklemler 
metin içinde ait oldukları yerde çizilmiş veya yazılmış 
olmalıdır. Bunlar daima ayrı bir satırda gösterilmelidir. 
Bu molekül yapıları veya matematiksel denklemler 
defalarca kullanılmışsa sağ yanda parantez içinde nu-
maralandırılır ve diğer kısımlarda bu numaralara atıf 
yapılır.

Eşitlikler ve Denklemler için mevcut MS Word Equati-
on Editor fonksiyonu kullanılır. Simgeler için Word’de 
Insert/Symbol fonksiyonunu kullanınız. 

4.9. Birimler ve simgeler

SI birimlerinin kullanılması zorunludur. ASTM veya IU-
PAC tarafından tavsiye edilen ve genel kabul görmüş 
isimlendirme ve simgeler tercih edilir. Anlaşılırlık için 
simgeler metin içerisinde tanımlanmalıdır. Eğer me-
tin çok sayıda simge içeriyorsa bunlar metin sonunda 
(“Kaynaklar” kısmından önce) liste halinde açıklanma-
lıdır. 

4.10. Kısaltmalar

Kısaltmalar en az olacak şekilde sınırlandırılmalıdır ve 
yalnızca metinde sık olarak geçecekse kullanılmalıdır. 
Yalnız çizelge veya şekillerde kullanılan kısaltmalar 
şekil ve çizelge başlığında tanımlanmalıdır. Başlık ve 
anahtar kelimelerde standart kısaltmalar kullanılabi-
lir. Eğer Özet kısmında standart olmayan kısaltmalar 
kullanıldıysa, bunlar makale metninde ilk geçtiği yerde 
olduğu gibi makalenin kısaltmalar listesi kısmında da 
tanımlanmalıdır. 

NOT: Türkçe bir makalede; başlığın, özetin, tüm 
bölüm, şekil ve çizelge başlıklarının İngilizcesi ol-
malıdır. Grafiklerin x ve y eksenlerinin İngilizcesi 
olmalıdır.

5. Elektronik makale tasarısı 

Gönderilen tüm makale taslakları yükleme işlemi sı-
rasında PDF formatına dönüştürülür. Sistem otomatik 
olarak yazının tüm bölümlerini içeren tek bir PDF dos-
yası oluşturur. Dosya Yönetimi için aşağıdakiler gere-
kir.

•	 Ana metin (Ön Belgeleri içerir) ve içerisindeki şe-
kil, gösterge ve çizelgeler tercihen doc, docx veya 
rtf formatında kaydedilmiş dosya verilmelidir. 

•	 Şekiller tercihen JPG, EPS, TIFF veya orijinal for-
matında olmalıdır. Pdf veya ppt(x) olmamalıdır. 

Düzeltme yapılmış makalelerde yapılan önemli de-
ğişiklikleri içeren alanlar işaretlenmiş olmalı ve metin 
rengi değiştirilmelidir. Değişiklikleri içeren dosya(lar) 
tekrar on-line olarak gönderilmelidir. Makalenin kabul 
edilmesinden sonra en son yüklenen sürüm baskı için 
esas alınacak ve çoğaltma sürecine geçilecektir. 

6. Makale taslak metni ve baskı

Baskıdan önce yazarlar makalenin taslak metnini 
e-posta yoluyla alacaklardır. Taslak metin talimatlar 
çerçevesinde dikkatlice düzeltilmelidir. Yazarlar özel-
likle yazım hataları ile ilgili uyarılara yanıt vermelidir. 
BOR Dergisi (Journal of BORON)’ da yayımlanmış 
olan makalelerin yazarlarına, derginin ilgili sayısından 
2’şer adet gönderilir. 

 



AUTHOR GUIDELINES

1. Instructions to authors

Journal of BORON is the first and only journal in the 
Science World, in which original and basic scientific 
research and application studies related to boron are 
published. Journal of BORON covers all aspects of 
boron science, boron technology, boron usage, boron 
chemicals and fields which used boron. The journal 
focuses on innovative element boron giving interdis-
ciplinary insights on a broad range of fields including 
science, medicine, energy, engineering, agriculture, 
pharmacy, defense industry, mine industry, chemical 
industry and aerospace industry.

The journal publishes current technologies, original 
methods, applications and all approaches about bo-
ron. Papers dealing with boron issues from such fields 
as science, medicine, energy, engineering, agriculture, 
pharmacy, defense industry, mine industry, chemical 
industry and aerospace industry, etc., are welcome.

All scientific contributions are assessed initially by the 
Editor-in-Chief. Those manuscripts failing to reach 
the required priority rating, failing to comply with 
the Instructions to Authors or not fitting within the 
scope of the journal are not considered further 
and are returned to authors without detailed com-
ments. It should be noted that rebuttals that challenge 
rejections based on priority and/or scope alone will 
rarely be successful, since such a decision is neces-
sarily a matter of opinion.

Manuscripts meeting the requirements will be peer-
reviewed on the criteria of originality and quality. Au-
thors may suggest up to five potential referees in 
the Cover Letter. Please provide their institutional 
e- mail addresses and a link to the website as well 
as individuals whom they wish to exclude from the 
review process. If the decision following review is “re-
ject subject to major revision”, a revised version may 
be submitted, but if major issues with the revised ver-
sion are still identified by the reviewers, it will then be 
rejected outright. On acceptance, papers may be sub-
jected to editorial changes. Responsibility for the fac-
tual accuracy of a paper rests entirely with the author.

All instances of publishing misconduct, including, 
but not limited to, plagiarism, data fabrication, im-
age/data manipulation to falsify/enhance results, 
manipulation of the reviewing process, etc., will 
result in rejection/retraction of the manuscript.

This journal endorses the Higher Education Scientif-
ic Research and Publication Ethics Guidelines rules 
and will pursue cases of suspected research and 
publication misconduct. For more information about 
Higher Education Scientific Research and Publica-
tion Ethics visit the Higher Education website at http://
www.yok.gov.tr/web/guest/icerik//journal_content/56_
INSTANCE_rEHF8BIsfYRx/10279/18187

2. Categories of scientific contributions

Three categories of scientific contributions are accept-
ed for publication:

a.) Original research article: It consists of experi-
mental and theoretical work with new results describ-
ing completed studies and should comprise about 
30,000 characters (including spaces). In addition, up 
to 8 figures or schemes, and 6 tables may be included.

b.) Short communication:  It describes results that 
are brief, timely and/or of such importance that rapid 
release is warranted. This manuscript should be in the 
range of 18,000 characters (including spaces) and 6 
figures.

c.) Review article:  It summarizes information pub-
lished on a certain topic and is not limited to own re-
sults. Rather than an assemblage of information with 
a complete literature survey, a comprehensive critical 
description and selection of the material is indispens-
able. This contribution should typically not exceed 
45,000 characters (including spaces); up to 15 figures 
may be included.

3. Submission of manuscripts

3.1. General
This journal will be published in an online-only format 
and printed edition will be published. There will no cost 
to authors for the publication of manuscripts. All copy-
right of the accepted manuscripts belong to BOREN. 

3.2. How to submit?

Manuscripts to Journal of BORON have to be submit-
ted via a web-based manuscript submission and peer-
review system. This service guarantees fast and safe 
submission of manuscripts and rapid assessment. 
Submission of manuscripts consists of the following   
steps:

a.) Preparation of the manuscript and illustrations in 
the appropriate format, according to the instructions 
given below (see Sections 4.1 to 4.9). The paper has 
to conform to the scientific and style instructions of the 
Journal of BORON as given herein. A link to these in-
structions can be found at the submission site at the 
homepage of the journal at http://dergipark.gov.tr/bo-
ron under the link “For Authors”.

b.) For the first submission an author’s account in the 
system at the submission site, http://dergipark.gov.tr/
register/ has to be created by clicking on the “Registra-
tion” button. 

c.) The “Author Guidelines” given on the Journal web-
site have to be read carefully. The system guides 
through the submission process. Online help is avail-
able at all times during the process. Authors are also 
able to exit/re-enter at any stage before finally “sub-
mitting” the work.  All submissions are kept strictly 



confidential. For any questions concerning the on-
line submission program, Editorial Support at fkuru@
boren.gov.tr and ormanabdullah@gmail.com can be 
contacted.

The author vouches that the work has not been pub-
lished elsewhere, completely, in part, or in any other 
form, and that the manuscript has not been submitted 
to another journal. The submitting author (listed under 
“Correspondence”) accepts the responsibility of hav-
ing included as coauthors all appropriate persons. The 
submitting author certifies that all coauthors have seen 
the manuscript and agreed with its submission. 

All scientific contributions will be peer-reviewed 
and judged on the criteria of originality, quality, 
and novelty. Authors may suggest up to five potential 
referees in the Cover Letter, including their institutional 
e- mail addresses and a link to the website as well as 
individuals whom they wish to exclude from the review 
process.

A revised paper will retain its original date of receipt 
only if it is resubmitted within two months after revi-
sion.

Please note that if you are submitting material (e.g., 
figures) which has already been published elsewhere, 
you must also provide permission in writing that this 
material may be reprinted in the Journal of BORON.

4. Organization of manuscripts

4.1. Contents of first page of manuscript

1.) Title of the paper, concise (15 words maximum), 
providing the main finding of the paper and, only if 
necessary, with standard abbreviations.

2.) Full names (including first name) of the authors 
and their affiliation(s). If the publication originates 
from several institutes, the affiliation of each author 
should be clearly stated by using superscript Arabic 
numbers after the name and before the institute.

3.) Name (and title) and full postal address, e-mail 
address of the author to whom all correspondence 
(including galley proofs) is to be sent.

4.) A list of the nonstandard abbreviations used in 
the paper.

5.) Up to 5 keywords in alphabetical order which will 
be used for compiling the subject index.

4.2. Sections

Manuscripts should be divided into the following sec-
tions:

i.) “Abstract” It must be self-explanatory and intelligi-
ble without reference to the text. It should not exceed 
220 words for research and review articles. Ab-
stracts for Short Communications should not exceed 

80 words. Abbreviations, but not standard abbrevia-
tions, must be written in full when first used. Any refer-
ences cited must be given in full.

ii.) “1 Introduction” containing a description of the 
problem under investigation and a brief survey of the 
existing literature on the subject.

iii.) “2 Materials and methods” for special materials 
and equipment, the manufacturer’s name and, if pos-
sible, the location should be provided.

iv.) “3 Results and discussion”

v.) “4 Conclusions”

vi.) “References”

Subdivisions of sections should be indicated by num-
bered subheadings.

4.3. References

References should be numbered sequentially in 
the order of citation. The reference numbers within 
the   text should be set in brackets, thus [3, 14]. They 
are to be collected in numerical order at the end of the 
manuscript under the heading “References”. Titles of 
journals should be abbreviated according to e.g. http://
woodward.library.ubc.ca/research-help/journal-abbre-
viations/.

Please note the following examples:

Journals

[1] Şimşek T., Barış M., Synthesis of Co2B nanostruc-
tures and their catalytic properties for hydrogen gene-
ration, BORON, 2 (1),  28-36, 2017.  

Books

[2] Grimes R. N., Metal Interactions with Boron Clus-
ters,  1st edition,  Springer Science+Business Media,  
New York ,1982. 

Chapter in a book:

[3] Gürü M., Çakanyıldırım Ç., “Boron Hydrides, 
High Potential Hydrogen Storage Materials”, Chap.4: 
Hydrogen Cycle with Sodium Borohydride, Nova Sci-
ence Publisher Inc.,  New York,  2010.

Thesis

[4] Yalçınkaya Ö., Determination of some trace ele-
ments after preconcentration by solid phase extraction 
technique using aluminum oxide/single walled carbon 
nanotube and zirconium oxide/boron oxide nano ma-
terials, Ph.D. Thesis, Gazi University, Institute of Sci-
ence and Technology, Ankara, 2010.

Conference and symposium

[5] Yılmaz O., Bilen M., Gürü M.,  Absorption of CO2 
in boron solutions and recovery as ındustrial chemical 



products, IV. International Conference on Nuclear and 
Renewable Energy Resources, Antalya, Turkey, 27-29 
October, 2014.

Please note that:

•	 Papers with multiple authors should be limited to 
listing the first seven authors, followed by et al.

•	 Papers which accepted for publication should be 
cited with their DOI.

•	 Other serial publications should be cited in the 
same manner as journals.

•	 Website addresses (URL) must not be included 
as a reference, but should be inserted in the text 
directly after the data to which they  refer

4.4. Acknowledgements

Acknowledgements as well as information regarding 
funding sources should be provided on a separate 
page and will appear at the end of the text (before 
References).

4.5. Conflict of interest

All authors must declare financial/commercial con-
flicts of interest. Even if there are none, this should be 
stated in a separate paragraph following on from the 
acknowledgements section as follows: The authors 
have declared no conflict of interest. This is a man-
datory requirement for all articles.

4.6. Tables

Tables with suitable captions at the top and numbered 
with Arabic numerals should be collected at the end 
of the text, each table on a separate sheet. Column 
headings should be kept as brief as possible and in-
dicate units. Footnotes to tables should be indicated 
with a), b), c), etc. and typed on the same page as the 
table.

4.7. Figures, diagrams, and legends

The quality of the figures must be such that they can 
be reproduced directly after reduction to 80 mm width 
and the numbers, letters, and symbols must be large 
enough to still be legible. All figures must be referred to 
in the text and numbered with Arabic numerals in the 
sequence in which they are   cited. Each figure must 
be accompanied by a legend explaining the contents 
of the figure.

4.8. Structural diagrams and mathematical equa-
tions

Structures of molecules as well as mathematical equa-
tions should be drawn or written in the manuscript in 
the position where they belong. They should always 
stand alone, i.e., occupy extra lines. If reference to 
them is made repeatedly, structures and equations 

may be marked with Arabic numerals in parentheses 
in the right-hand margin.

Use the equation editor of the current MS Word for 
equations. Do not import special symbols and char-
acters as graphics/formula in the running text. Please 
use in Word Insert/Symbol.

4.9. Units and symbols

The use of SI units is mandatory. Generally accept-
ed nomenclature and symbols as recommended by 
ASTM or IUPAC are preferred. In the interest of clar-
ity, symbols should be defined in the text. If numer-
ous symbols are involved, they should be listed and 
defined at the end of the text (before “References”).

4.10. Abbreviations

Abbreviations should be restricted to a minimum and 
be introduced only when repeated use is forthcoming. 
Abbreviations used only in a table or a figure may be 
defined in the legend. Standard abbreviations may be 
used in the title and keywords. If nonstandard abbrevi-
ations are used in the Abstract they should be defined 
there, in the list of abbreviations of the manuscript, as 
well as when first used in the body of the paper.

5. Electronic manuscripts

All submissions will be converted to PDF format during 
the upload process. The system automatically gener-
ates a single PDF file which contains all parts of the 
manuscript.File management requires the following:

Main text (incl. front material) as well as figure leg-
ends and tables (in this order) should be given in one 
file, preferably saved in doc, docx or rtf format.

Figures should preferably be in JPG, EPS, TIFF or in 
the original format; no ppt(x) or pdf.

In revised manuscripts the areas containing the major 
required changes should be marked and the color of 
the text changed. The file(s) with the changes visible 
on screen should be re-submitted online. Upon accep-
tance of the manuscript the final uploaded version will 
be taken as the basis for copy editing and the subse-
quent production process.

6. Proofs and reprints

Before publication authors will receive page proofs via 
e-mail in PDF low resolution file format, together with 
a sheet including instructions and a reprint order form, 
also as PDF files. The proofs should be carefully cor-
rected following the instructions. In particular, authors 
should answer any editing queries. The author(s) will 
receive two hard copies of the related issues.
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