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Introduction                                                         

Boron demerit was more inclusive than 
imperfection of any other plant micronutrient 
(Gupta, 1979). Walsh & Golden (1953) reported 
that in sandy soils, boron can be reached out and 
unavailable for plants. Sufficient amount of boron 
nutrition is captious for both of high quantity and 
quality of yield. Deficiency of boron causes divers 
inspectional, physiological, and biochemical 
changes, representing derivative decrepit. Due 
to the expedition large discrepancy of features 
that supersede boron contradiction, crucial the 
primary  dominant  function of it and considerably 
assert in the fertilization of  plant 

Dell et al. (1997), Reinbott (1995) and Shkolnik 
(1984) summarize boron reports from agricultural 
and physiological perspectives. A blanket revise 
of the early work by Gauch & Dugger (1954) was 
segregated into deferent separated parts, each part 
depicting an altered credible location of boron 
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appreciating the assignment of boron in plants.

 Interdict of hydrogen ion deliver due to boron draw up and amends in 
plant substrate demonstrated boron association in cell wall actions it’s a unique 
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exploit. Other one unifying, postulate that regain 
composure, copious of the essentially of boron 
on yield production and advance mental actions 
(Lewis, 1980 and Lovatt & Dugger, 1984). 

Currently, research has advanced for 
interpretation that boron associated in three 
important directions of physiological reaction in 
plant cell, besides its main function in cell walls, 
membrane, and metabolic actions. Shorrocks 
(1997), illustrated that, boron is widely distributed 
in nature both lithosphere and hydrosphere 
(Gupta & Solanki, 2013; Erike & Nelson, 2012 
and Mortvedt, 2010). Boron is important for many 
plants, and its bio-availability in soil and water 
is rather important for agronomics production 
(Bellaloui et al., 2009a). However, under draught 
condition, boron may accumulate in soil to levels 
that causing a toxicity to plant, and reduce yield 
production (Reid, 2007b and Tanaka & Fujiwara, 
2007).
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Boron is adapted to form complexes with 
other compounds particularly with hydroxyl 
groups in cis-configuration. Borate esters with 
a piose residue of rhamno-galacturonan II (RG-
II) is the main functions of boron in plants 
(Kobayashi et al., 1996). The composition may 
be rather important for the function of cell wall. 
(O’Neill et al. 2004) which provide indicatively to 
control porosity of cell wall (Fleischer et al. 1999) 
as well as tensile strength (Ryden et al. 2003). 
Boron deficiency can cause irregularly of the cell 
walls and a gradually decreased the formation of 
dimer RG-II (Matoh et al., 1996). Noguchi et al. 
(2003) and Bellaloui et al. (2013) reported that the 
minimizing of grade of cross-linking particularly 
in cell walls of Arabidopsis bor1-1 mutant due to 
lower boron supply. 

Uptake of boron by plants
Many forms of boron present in soil solution. 

However B (OH) 3 particularly at pH values ranged 
between 5.5-7.5. is the most plentiful form. Boric 
acid uptake can be subjected by three absorption 
appliance: (i) Passive absorption across lipid 
bilayer, (ii) Active absorption by (MIP) channel, 
and (iii) An energy dependent high-affinity 
transport system induced in response to low boron 
supply, which is mediated by BOR transporters 
(Tanaka & Fujiwara, 2007). The availability of 
boron absorption is subjected through a passive 
absorption that involves mostly B diffusion 
across lipid bilayer. Permeability coefficient were 
both calculated theoretically and experimentally 
for boric acid, by Ali, et al (2013) and Gupta & 
Solanki (2013). Dordas & Brown (2001) and 
Stangoulis et al. (2001), support this, since boron 
can cross membranes via passive absorption to 
reach boron requirements for plant. Dannel et al. 
(2002), Dordas et al. (2000) and Bellaloui et al 
(2013) observed that in squash roots, diffusing 
across plasma-membrane vesicles was  slightly 
depressed  by mercuric chloride, similar  finding 
were reported by Trivedi (2015).

Role for boron in cell wall structure
Carpita (1987), indicated that the mechanical 

character of developing of cell walls adapted 
through the reaction between its main 
components, polymers of cellulosic structure 
and hemi cellulosic and pectic polysaccharides 
in matrix media. Trivedi (2015), Planchet et 
al. (2011) and Bellaloui et al. (2013) reported 
that the formation of esters borate through the 
interaction with hydroxyl groups of cell wall has 
been advanced as a mechanism for interacting 

with cell wall polymers. Casassa et al. (1986) and 
Sarquis (1986) explained this phenomenon and 
sliding properties of “slime”. The interaction of 
both hydrogen and hydroxyl groups of polyvinyl 
alcohol, which is more stable on a furanoid ring 
were illustrated by Carpita (1987). 

 Boron can be protected by Ca in the cell wall 
through forming of crosslinks in pectin (Clarkson 
& Hanson, 1980). Results by Yamaouchi et 
al. (1986) supported this idea through, low 
concentration of boron in tomato plant contained 
low calcium. O’Neill et al. (1996) reported  that, 
ester of  borate formation  was situated on 2- C and 
3- C of two of the four 30-linked apiosyl residues of 
dimeric RG-II they also reported   that the dimeric 
RG-II-B covalently crosslinks the cell wall pectic 
matrix in dicots.  Authors also indicated that in 
non-graminaceous monocots, and graminaceous 
plants, though the pectin content of the grasses is 
much lower than that of the other species. Hu et 
al. (1996) observed that in boron-deficient, cell 
structure of bean root accommodate, minimum 
levels of hydroxyl Proline with proteins content, 
comparing with those of normal condition.

Membranes and membrane-associated reactions
Studies on new cell formation explained the 

problems associated along low concentration of 
elements. These make dramatically changing 
in membrane activity actuate by application of 
boron to boron-deficient tissues (Planchet et al., 
2011 and Bellaloui et al., 2013). Despite it is not 
big mainly, comparing to those in cell fractions, 
and gradually significant for ion uptake. Boron-
deficient in sunflower roots phosphorus was 
decreased and gradually recovered after boron 
added within few minutes (Goldbach, 1984 and 
Goldbach et al., 1990). Boron deficiency caused 
a gradually reduced the concentration of ferric 
cyanide by about 50% induced net proton release, 
occurring only in the presence of auxin, and was 
rather important  for auxin stimulation of ferric 
cyanide-induced proton release in suspension 
cultures of carrot and tomato. Schon et al. (1990) 
illustrated that in sunflower an important hyper 
polarization of the membranes within 3 min due 
to boron applied were observed. Boron nutrition 
was more important for conserving the “reducing 
atmosphere” in the apoplast in order to animate 
nutrient uptake supported by Brown (1979).

Boron is important for keeping the reduced 
ascorbate form at the cell wall/membrane 
interface by stimulating NADH oxidase. It is note 
admirable that both forms have been linked with 
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plant growth processes (Gonzales-Reyes et al., 
1994 and Hidalgo et al., 1991). Barr et al. (1993)
postulated that deficiency of boron stimulated 
the hyperpolarization of root membranes, and 
increase ferricyanide-dependent HC release, 
ATP-ase activity, NADH -oxidase activity, and 
ion transport. Cakmak et al. (1995) established the 
role of K- deficient, sucrose, phenolic, and amino 
acids in boron deficient in sunflower leaves.

Nitrogen fixation and nitrate assimilation
The importance of boron for fixation of 

nitrogen has been reported by several researchers. 
Microorganisms and actinomycetes require boron 
element for stability in their vesicles envelopes 
which keeping nitrogenase from inactivation 
by oxygen under nitrogen fixation (García- 
González et al., 1990). Bolaños et al. (1993) 
illustrated   the mechanism of boron particularly 
in nitrogen fixer-legume interaction, Bolaños et 
al. (1996) noticed that, boron can be considered 
as important element for nodulation processes 
(Bonilla et al., 1997). Several researches reported 
that importance of boron for nitrogen absorption 
and minimize nitrate reductase and stimulating of 
nitrate accumulation. Shen et al. (1993) explained 
such phenomenon by the duty of boron in 
assisting the progressing of nitrate absorption as 
well as synthesis of proteins. Consequently, Ruiz 
et al. (1998a) postulated that plants when  affair to 
boron deficient  in short time gradually diminished 
the root system  and leaf nitrate contents, as well 
as  the concentrations  of magnesium, calcium and 
potassium (Planchet et al., 2011; Trivedi, 2015) 
or phosphate (Camacho- Cristóbal et al., 2005). 
Decreasing of nitrate uptake by plant growing in 
media with low boron content may contribute to 
the absorption of ammonium between asparagine 
synthetize in the roots of tobacco (Camacho-
Cristóbal & González-Fontes, 2007).  

Secondary metabolism and oxidative stress
Metabolism of phenolic compounds in 

plant cells controlled by boron concentration 
in growing media, and  gradually increase duty 
the stimulation of the specific enzyme (Bellaloui 
et al., 2009a and Planchet et al., 2011). Lower 
concentration of boron actuated both quantitative 
and qualitative changes in the phenolic 
compounds in plants (Shahzad, 2011). Causing 
undetectable polyamine/ phenolic compounds low 
concentration conditions of boron was observed 
particularly in tobacco plants (Camacho-Cristóbal 
et al., 2005), increasing the activity of polyphenol-
oxidase activity (Camacho-Cristóbal et al., 2002), 

and changing phenolic compounds into quinones. 
It has been postulated that loss the integrity of 
cell membrane at low concentration of boron 
stimulates the accumulation of phenolic and their 
oxidation products (Cakmak & Römheld, 1997 
and Kobayashi et al., 2004). Under  aluminum 
stress, boron encourage  the accumulation of 
glutathione levels in sunflower and maize plants 
(Ruiz et al., 2006) and  gradually support and  
stimulates the antioxidant  (Corrales et al., 2008).

Toxicity of boron 
Toxicity  of Boron is rather  problem which  

created significantly in crop yield in particularly in 
arid and semi-arid areas as  in Egypt, characterizing 
by alkalinity and  salinity  properties under  scarce 
and  low rainfall and leaching of boron. In addition, 
intensive fertilization and using of irrigation water 
with high concentration of boron may increase 
the accumulation of boron in soil   (Nable et al., 
1997).  Toxicity effects of boron can be   effected 
on plants cells, acclimatize metabolism, reducing 
root cell separation, minimize chlorophyll 
contents and rates of photosynthetic, and reduce 
lignin content, (Reid, 2007b). They also reported 
that   high concentration of boron may reduce the 
plant growth (biomass) (Ali et al., 2013).

Increasing level of boron created a toxicity 
symptoms on old leaves which characterized 
by marginal or tip chlorosis (Marschner, 1995 
and Roessner et al., 2006). Boron toxicity is not 
bright abundant as described before. Three main 
causes have been explained the interaction of 
boron element with the hydro-oxides compounds 
in the position of cis (i) adaptation of the 
structure of cell, (ii) metabolic confusion such as 
ATP, and (iii) adaptation of cell separation and 
advancement (Reid et al., 2004). They reported 
that no attestation to reinforce the assumption 
of high level of boron resulted to osmotic 
accentuation (Reid et al., 2004). Growth was 
completely reserved by the presence of boron 
concentrations ranging between 1-5 mM and was 
not created by boron itself either energy supply or 
reserved of protein synthesis, but to the toxicity 
to fresh tissues, animate in brightness by photo 
oxidative stress (Reid et al., 2004 and Bellaloui 
et al., 2009a).

Boron-toxicity tolerance and salt stress
Nable et al. (1997) stated that, concurrent 

emphasis by toxicity of boron and salinity can 
be subjected either by irrigated water with high 
concentration of boron and salts, or by presence of 
huge amounts of salts as well as boron, commonly 
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in arid regime (Marschner,1995 and Nable et al., 
1990). Recently, many reports indicated that 
combination of   high level of boron and saline 
may cause slightly toxic on growth than expected 
one.  Bonilla et al. (1997) reported that advancing 
both elements boron and calcium contributes can 
be stimulate tolerance effects and, improving 
and enhancement the growth parameter salt 
affected soils. Nable et al. (1990) stated that the 
assortments of boron tolerant are distinguished by 
diminishing boron content in plants comparing to 
the other one, these phenomenon, perhaps due to 
the decreasing the uptake of boron in both roots 
and shoots. In this concern, tolerant of boron- in 
the Sahara clarified by its excessive adeptness 
to boron concentration. As earlier described, 
BOR1 is an efflux-type borate carrier inquired 
for the movement of boron from roots to shoots 
particularly in the absence of boron added 
(Takano et al., 2002). However in the attendance 
of high concentration of boron to be toxic levels 
BOR1 is completely corrupt through endocytosis 
(Takano et al., 2005), and over announcement of 
BOR1 gene does not result in a quality of yield 
production (Miwa et al., 2006). In the barley 
research particularly, landrace Sahara 3771 results 
indicated that both Bot1, a BOR1 ortholog has 
been identified, as the gene dependable for boron 
toxicity indulgence. Its accommodate about four 
times additional Bot1 gene than the boron in 
catholic (Sutton et al., 2007). Additional, it was 
observed that Sahara Bot1 characterized by high 
protein content amplitude in order to provide 
boron tolerance in yeast than Clipper Bot1 or 
Arabidopsis BOR1. 

Boron and gene expression
Many researchers reported that low boron 

content  may alter the announcement  consistent 
of  the genes particularly  for N- assimilation  
(Redondo-Nieto et al., 2001 and Camacho-
Cristóbal & González-Fontes, 2007), oxidizing 
agent  accentuation (Kobayashi et al., 2004),  
the absorption of boron by plants (Takano et 
al., 2006 and Kasajima & Fujiwara, 2007), and 
cell structure of plant (Camacho-Cristóbal et al., 
2008). On the other hands, there no fair attestation 
to elucidate clamour the beacon came from the 
low concentration of boron is carry to nuclei of 
the cell. Kobayashi et al. (2004) advanced a fast 
beacon will gradually move from the cell wall to 
the cytoplasm may require for gene induction after 
the cellular redox none stabilize stableshed under 
low level of boron. Goldbach & Wimmer (2007) 
reported the alter in the increments of boron 

might guide to a automated avalanche of beacons 
continuing into the cytoplasm through the cell 
wall-plasma membrane-cytoskeleton continuum, 
with the conceivable association of AGPs.  This 
idea has been bolstered   by the act, since the boron 
denial guide to changed polymerization forms of 
cytoskeletal proteins accumulation  (Yu et al., 
2003). González-Fontes et al. (2008) advised that  
the  impersonation of boron as a cellular beacons 
accomplished  of butting  with duplication factors, 
which could clarified why the announcement 
of several genes necessitated  in moratorium  
physiological developing are fasted affected 
when affair  to the low concentration of  boron. In 
accession to that, there is an interaction between 
boron and calcium since the feasibility that boron 
is influencing calcium-arbitrated beaconing 
(Bolaños et al., 2004a). Additional studies should 
be headquarter to classify the interaction as well 
as their activity in plant physiology.
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دور عنصر البورون في نمو وتطور النبات 

محمد على طه ابو سعدة، فريد عبد العزيز هالل، سعيد عبد التواب عبد الفتاح و الزناتي عبد المطلب على أبو النور*
قسم تغذية النبات و* قسم تكنولوجيا التسميد  - المركز القومي للبحوث-الدقي - الرقم البريدي 12622-  القاهره - مصر.

 يعتبر البورون من العناصر المغذية الصغرى الضرورية للنبات حيث ان تيسره يعد من اهم العوامل الهامة في معلمات النمو 
باإلضافة الي الدور الفسيولوجي الذي يلعبه عنصر البورون في النمو وتطور النباتات. حيث   يعتبر عنصر البورون متفرد حيث 
يعتمد عليه النبات في تحسين نموه وانتاجيته، وال شك ان تركيزه وحركيه العنصر في وسط النمو يختلف باختالف أنواع األراضي 
كما ان درجه رقم الحموضة والقلوية تلعب دورا هاما في تيسر عنصر البورون في األراضي بشكل عام. كما تتأثر حركيه عنصر 
البورون وتيسره في األراضي بعوامل كثيره من أهم هذه العوامل رقم الحموضة والقلوية والمادة العضوية اذ تؤثران علي حركه 
عنصر البورون وتيسره للنباتات النامية.  كما ان نقص العنصر يؤدى الى نقص اإلنتاجية كما ونوعا وان زيادته في األراضي 
بشكل يفوق الحدود المسموح بها يؤدي إلي سميه على النباتات النامية، كما وجد عالقة بين عنصري البورون والكالسيوم حيث 
ان زيادة عنصر الكالسيوم تؤثر تأثيرا مباشرا على تيسر وحركيه عنصر البورون للنباتات.  يلعب عنصر البورون دورا هاما في 
انقسام الخاليا واكتمال وتطور الحبوب فضال علي نقل السكر إلي مواقع التخزين في النبات ويحتاج النباتات إلي كميه قليله (تركيز 

قليل) للنمو اذ ما قورن بالعناصر األولية األخرى.

   يهدف هذا البحث المرجعي إلي فهم الدور الفسيولوجي لعنصر البورون في النبات.     


