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Abstract

Boron is an essential micronutrient for higher plants. Although its requirement
in plants is very low, it has been assigned important roles in many metabolic
processes. The deficiencies as well as toxicities of boron occur in a wider range
of crops and climatic conditions than deficiencies of any other micronutrient
element and have adverse effect on growth and development of plants. Both
vegetative as well as reproductive growth of the plant was known to be
adversely affected by the boron stress. Foliar and soil fertilization is the option
for the soil boron deficiency treatment but for toxicity, tolerant plants are most
appropriate option. Hence, in the present article, information on boron
deficiency, its toxicity and the tolerance shown by plants has been reviewed.
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INTRODUCTION

Boron deficiency is the most widespread micronutrient deficiency in agricultural crops
in world including India. The symptoms of boron deficiency are observed when boron
content in soil comes down to 5 to 25 mg ha'l. Aluminium hydroxide adsorbs large
amounts of soluble boron, making the soil acidic and causing boron deficiency. Soils
containing a high proportion of organic matter are less deficient in boron.

Boron-rich soils are of great significance because of their association with boron toxicity
and decreased plant growth and crop yields in different regions, especially arid and
semi-arid regions of the world. The highest naturally occurring concentration of boron
have been found in soils derived from marine evaporates and marine argillaceous
sediments [1]. In addition, various anthropogenic sources of boron excesses may
increase soil boron to toxic levels for plants. The most important source is irrigation
waters, but other sources such as wastes from surface mining, fly ash industrial
chemicals, muncipal composts, sewage sludges, and effluents from agricultural land may
also play a role in boron toxicity. The poor drainage of saline soils may be responsible
for the exessive accumulation of boron in the soil solution [2].
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BORON DEFICIENCY AND SYMPTOMS

Boron deficient soils are distributed globally. Boron deficiency is the most widespread
of all the micronutrient deficiencies in many crop regions from tropical to temperate
zones. Deficiency is most prevalent on coarse-textured (sandy) soils of the humid
regions, where high leaching losses of boron (eg. Podsols, podzols) further deplete the
inherently low boron content of soils to deficiency levels. Soil analysis reveals boron
deficiency to be common in Nepal, Phillipines, India and Thailand [3].

Some characteristic boron deficiency symptoms in plants are: ‘Top sickness’ of tobacco;
‘Corky core’ or ‘internal cork’ or ‘drought spot’ of apple; ‘Water core’ of turnip’; ‘Hard
fruit’ of Citrus; ‘Yellows’ of alfa alfa; ‘Hen and chicken’ of grapes; ‘Heart rot’ of sugarbeet;
‘Stem crack’ of celery; ‘Hollow stem’ of cauliflower and broccoli; ‘Brown heart’ of swade
and ‘Tipburn’ of chinese cabbage [4,5,6].

Generally, symptoms of boron deficiency appear first in terminal shoots in the form of
small, deformed leaves, borne on severely condensed branches. The growth of apical
meristems is arrested and the shoot apex turns necrotic, giving rise to multiple axillary
branches, which eventually turn necrotic. This gives the B deficient plants a bushy
appearance. Stem of boron deficient plants also turn brittle and show longitudinal splits
of the cortex. The petiole and stem of boron deficient plants show longitudinal and
transverse splits or corky ridges [6].

Sunflower is one of the most sensitive crops to low boron supply, developing
characteristic boron deficiency symptoms on leaves, stems and reproductive parts [7,8].
These deficiency symptoms first become evident on the younger leaves, which develop
a bronze colour and become hardened, malformed and necrotic, the stem becomes
corky, the capitulum deformed and poor seed set results [7]. Sunflower roots are also
sensitive to boron deficiency as they stop their growth in less than 6 h after the removal
of boron from the growth medium [9].

In pea, boron deficiency results in the formation of a weak root system, bud abortion on
the top and leaf hardening [10]. In boron deficient onion plants [11] leaves were thick,
brittle and blue green in color and had hard and rough surface scales associated with
necrosis of the inner scales. Under moderate deficiency, the outer leaves of the onion
head appeared thick and brittle. Cauliflower also showed somewhat similar symptoms
under moderate deficiency of boron on these plants. The outer leaves appeared thick
and brittle and the leaf petiole and midribs developed small blisters and cracks [12]. A
conspicuous feature of boron deficient leaves of cabbage and cauliflower is a thick layer
of epicuticular wax that gives the leaves a bluish appearance. In lettuce, margins of
young leaves become scorched and ragged, appear ‘hooked’ and distorted.

In higher plants, the most rapid response to boron depletion or deficiency is the
inhibition or cessation of root elongation in both the main and lateral roots and this has
been described by many workers [9,13]. Inhibition of root tip elongation was reported
within hours after removal of boron from nutrient solution [14]. It has been
demonstrated that the inhibition of root elongation caused by boron deficiency can be
corrected if boron is re-supplied before the meristematic region of the root tips is
permanently damaged [15]. They observed that the root tip elongation of boron
deficient squash plant (Cucurbita pepo) slowed down after 3 h, was severely inhibited
within 6h and completely stopped after 24 h of supply of deficient boron treatment in
the nutrient solution. If boron was resupplied after 12 hr, the rate of root elongation
was restored to normal within 12-18 hrs. Inhibition of root elongation in tomato
(Lycopersicum esculentum) was also observed within 3h after withdrawal of boron from
the nutrient solution [9].
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Singh, [16] observed that boron increased nodulation in the roots of dhaincha (Sesbhania
cannabina). In root crop such as turnip, raddish and sugarbeet (Beta vulgaris) and
carrot (Daucus carota) discoloration, browning and curling of young terminal leaves
(crown) form early symptoms of boron deficiency [17]. As deficiency persists the root
surface develops wrinkles and cracks and softer tissue of core develops water soaked
areas resulting in tissue disintegration. Shelp and Shattuck [18] reported external
roughness and brown necrosis in roots of rutabaga and wilkelmsberger plants under
severe boron deficiency. Boron deficient plants also develop numerous lateral roots and
adventitious roots with enlarged and necrotic tips in sunflower [19].

Flowering and fruit formation is adversely affected by boron deprivation. The
flowers formed in boron deficient cotton [20] and Zinnia elegans [21] were abnormal. In
most fruit trees, boron deficiency leads to shortening of internodes. Under severe
deficiency, the terminal shoots may ‘die -back’ and the terminal buds remain
rudimentary. Stems show splitting of bark, fruits have rough surface, develop cracks
and are often malformed.

Premature fruit dropping was reported in boron deficient peach [22]. Parthenocarpic
development of fruits due to abortion of embryosac has been reported under boron
deficiency in Cola nitida [23]. Development of corky spots followed by fruit drop was
reported in apples and grapes by Zachos et al.,, [24]. Fruits of boron deficient plants
became malformed in papaya and grapes [25, 26].

Some of the effects of boron deficiency in maize were appearance of white translucent
streaks in the middle of the leaf lamina, reduced leaf area, failure of young emerging leaf
to unroll, short and thick internodes and cessation of apical growth. The deficiency
symptoms of boron observed in periwinkle include reduction in growth, leaf area and
chlorosis thickening and curling of leaves, terminal chlorosis, downward cupping of
young emerging leaves, shortening of internodes, and death of growing tips of stem
[27].

BORON DEFICIENCY TOLERANCE IN PLANTS

Several crop genotypes are known to show genotypic differences in boron efficiency
[28,29]. Based on differences in seed yield on low boron soils of Chiang Mai (Thailand),
Rerkasem and Jamjod, [28] have reported genotypic differences in boron efficiency in
wheat, barley, green gram, black gram and soybean. Wheat cultivars SW 41 and Fang 60
showed marked difference in boron efficiency. The boron inefficient wheat cultivar SW
41 showed even higher sensitivity to boron deficiency than the dicotyledonous
cultivars. Wheat has otherwise been rated as highly tolerant to boron deficiency [30].
Rerkasem and Jamjod, [29] have suggested that advanced lines of wheat genotypes,
found to be boron efficient on the basis of performance (yield) on low boron soils,
should be used for development of boron efficient varieties. This has advantage over the
use of the international wheat germplasm available with the international Center for
Maize and Wheat Research (CIMMYT) in breeding for tolerance to boron deficiency as
the latter is reported to be largely boron inefficient [29].

BORON TOXICITY AND SYMPTOMS

Boron toxicity is a worldwide problem that significantly limits crop yield in agricultural
areas of Australia, North Africa, and West Asia and is characterized by alkaline and
saline soils together with a low rainfall and very scarce leaching. In addition, B-rich soils

also occur as a consequence of over fertilization and/or irrigation with water containing
high levels of B [31].
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The symptoms on roots were similar to moderate boron deficiency symptoms and
exhibited a water soaked appearance of the tissues in the center of the root [32]. In
peach boron toxicity caused distortion of leaf, shoot die back, and leaf bud mortality
after dormancy, increased break of lateral shoot and flower buds, reduced pollen
viability and fruit set [33]. In barley, toxicity of the boron is characterized by elongated,
dark-brown blotches at the tips of the older leaves followed by browning and burning of
older leaf tips. In oats toxicity of B results in light yellow bleached leaf tips [34].

Boron tends to accumulate in the leaf margins of the dicotyledons and leaf tips of
monocotyledons and therefore most boron toxicity effects are known to first appear in
these regions. The B toxicity symptoms are generally similar for most plants and appear
in the leaves as marginal or tip chlorosis, which is followed by necrosis. Besides
marginal chlorosis, the leaves in rutabaga had a tendency to curl and wrinkle. Boron
toxicity in turnip seedlings also results in marginal bleaching of the cotyledons and first
leaves [35].

In pea, Gupta and Macleod, [36] showed that boron toxicity results in burning of the
edges of the old leaves. The extent of burning of upper leaves depends on the degree of
boron toxicity. In radish boron excess is characterized by marginal yellowing and
burning of lower leaves. In red clover (Trifolium pratense L.) toxicity symptoms of boron
include burning and yellowing of the older leaf edges [37]. In straw berries (Fragaria
xananassa Duch.) slight boron toxicity was associated with marginal curling and
interveinal bronzing and necrotic lesions; under severe boron toxicity interveinal
necrosis was severe, leaf margins became severely distorted and cracked, and overall
plant growth was reduced [38].

High doses of boron (1-10 ppm) caused yellowing and enhanced plant growth in tomato
[39] but reduced the fruit quality. Lovatt and Bates, [40] observed boron accumulation,
inhibition of fruit elongation and lateral root development in boron toxicity in
cucumber. In cow pea (Vigna unguiculata L. Walp) moderate boron toxicity results in
marginal chlorosis and spotted necrosis but under severe boron toxicity, trifoliate
leaves show slight marginal chlorosis [41]. Boron toxicity in snap bean (Phaseolus
vulgaris L) results in the marginal chlorosis of the older trifoliate leaves while unifoliate
leaves were chlorotic with intermittent marginal necrosis [41].

In pepper, toxicity symptoms first appeared on the oldest leaves and spread to the
younger leaves. The margins became broader, developed necrotic blotches, turned
faded brown and younger leaves remained small. In tomato plants, brown and necrotic
lesions appeared in leaflet tips, which curled inwards [1]. Leaves show tip and marginal
burning and yellowing between the veins in maize and apical and marginal chlorosis in
older leaves in periwinkle plants toxic in boron [27].

BORON TOXICITY TOLERANCE IN PLANTS

Remediation of boron-toxic soils is impractical in most cases so solutions based on
improved plant tolerance to boron have been investigated for several decades by plant
breeders and more recently biotechnologists. Plant tolerance to boron toxicity has been
identified in a range of genotypes and recent research has revealed a physiological
mechanism behind this tolerance in cereals. Cultivars with high levels of expression of a
gene encoding a boron-efflux transporter in roots and shoots have been reported to
show tolerance to high boron in soils. It was proposed that the higher expression of the
gene Bot1, a BOR1 ortholog, in a tolerant barley cultivar was due to amplification of the
boron transporter gene [42]. Overexpression of gene AtBOR4 in Arabidopsis of a boron-
efflux transporter BOR4 in roots was shown to enhance tolerance [43]. Originally,
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tolerance conferred by the boron-efflux transporter gene was attributed only to
reduced root accumulation. An additional mechanism involving redistribution of boron
from the symplast into the apoplast in leaves by the same efflux transporters, enhanced
tolerance [44]. Boron-tolerant varieties are characterized by a decreased B
concentration in their leaf tissues in comparison with nontolerant varieties, probably
due to a reduced uptake of B into both roots and shoots. In this sense, the basis for B-
tolerance in the landrace barley cultivar Sahara has been explained by its high ability to
efflux B, and two models have been reported for this mechanism of active efflux of B,
namely, anion (borate) exchange or an anion channel [45]. It has been suggested that
the BOR2 gene encodes an efflux type borate transporter responsible for tolerance to B
toxicity in wheat and barley [31]. Bogacki et al., [46] reported that gene MtNIP3, in M.
truncatula is associated with B toxicity tolerance. They also suggested that the MtNIP3
provides a source of molecular selection tools to maintain the tolerance trait in
Medicago breeding programs.

CONCLUSION

Boron is neither constituent of any enzyme nor does it directly affect any enzyme
activity, but it has an important role in- sugar transport, cell wall synthesis, lignification
of cell wall structure, membrane integrity, carbohydrate metabolism, RNA meatbolism,
[AA and phenol metabolisms [47]. Boron is also probably more important than any
other micronutrients for high quality crop yields. Tolerant varieties are one of the main
approaches of obtaining enhanced crops in boron stressed soils.
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