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Boron in Indian agriculture — A review
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ABSTRACT

Boron (B) is an essential plant nutrient and its specific deficiency symptoms are well documented in several
crops. Boron is essential for the development of reproductive tissues and its deficiency results in low grain set or
poor quality seeds and fruits. Adequate B nutrition is reported to reduce incidence of some diseases in plants.
About one-third of the cultivated soils, especially in the eastern and north-eastern states of India are deficient in B.
Good responses for a number of crops to B have been reported. Borax and boric acid are the common B fertiliz-
ers. The average amounts of B removed (g/tonne grain or other economic produce) by some crops are: 21 in
wheat [Triticum aestivum (L.) emend. Fiori & Paol], 22 in pearlmillet [Pennisetum glaucum (L.) R. Br. Emend.
Stuntz], 36 in sorghum [Sorghum bicolor (L.) Moench], 17 in cowpea [Vigna unguiculata (L.) Walp], 16 in cotton
(Gossypium spp.), 21 in cabbage [Brassica oleracea (L.) var. capitata], 15 in cluster bean (Cyamopsis
tetragonoloba L.), 14 in castor (Ricinus communis L.), 9 in groundnut (Arachis hypogaea L.) and potato (Solanum
tuberosum L.) and 23 in brinjal (Solanum melongena L.). Boron, possibly because of its role in lignin formation is
able to reduce the incidence of several diseases in plants. High amounts of B in irrigation water could be toxic to
crops and irrigation water having < 3 mg B/litre is ideal for B tolerant and semi-tolerant crops.

Key words: Abortion of flowers, Boron, Fruit quality, Irrigation water, RNA synthesis

Boron (B) deficiency is one of the major constraints to
crop production (Sillanpaa, 1982), and it has been reported
in over 80 countries and in 132 crops over the last 60 years
(Shorrocks, 1997). Boron deficiency has been realized as
the second most important micronutrient constraint in
crops after that of zinc (Zn) on global scale (Ahmad et al.,
2012). B has emerged as an important micronutrient in
Indian agriculture, next only to zinc in the context of the
spread of its deficiency (Sathya et al., 2009). About one-
third of the cultivated soilsin India are deficient in B
(Gupta et al., 2008). Sandy, highly leached, calcareous
(>15% calcium carbonate), high pH (> 7) and recently
limed soils are prone to B deficiency (Borkakati and
Takkar, 2000; Alloway, 2008). In India, boron deficiency
was initially reported 2% in the year 1980 (Katyal and
Vlek, 1985), which has now increased to 52% (Singh,
2012). Its deficiency has been widely found in highly cal-
careous soils of Bihar, Tamil Nadu, Eastern Uttar Pradesh
and Saurashtra, sandy soils of Haryana and Rajasthan, hill
and sub-mountaneous soils of north Himalayan and NEH
States and in red and lateritic soils of Orissa, Karnataka,
Andhra Pradesh and Kokan region. Sakal et al. (2002)
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reported that in cal careous soils of north Bihar about 48%
of cultivated soils were deficient in B. The B deficient
soilsin India are generally in the eastern states of Asom,
Bihar, Meghaaya, West Bengal, Jharkhand and Orissa and
include acid red and lateritic soils in addition to high pH
calacareous soils (Behera et al., 2009).

Functions of B in plants

Boron as an essential plant nutrient was reported as
early as 1923 by Warrington (Tandon, 1995). However, B
is neither an enzyme constituent nor does it directly affect
enzyme activities (Prasad, 2007). B isrelatively immobile
in plants and generally B content in plants increases from
lower to upper parts (Cripps, 1956). B in anthers, stigmas
and ovaries may be twice as high asin stems of plants
(Sywortokin, 1958), suggesting its role in pollen formation
and quality of flowers and fruits. In plants B isrequired in
the structure of cell wall (O’ Neil et al., 2004) and this
function is attributed to role of boron in cross-linking of
cell wall proteins (Dell and Huang, 1997). B is essential
for the development of reproductive tissues and its defi-
ciency resultsin low grain set or poor quality seeds (Dell
et al., 2002). B deficiency may trigger early synthesis of
ethylene leading to poor fruit quality (Bell and Dell,
2008). Some recent studies in Geochemistry point out the
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importance of B in the synthesis of RNA in the prebiotic
era (Periur, 2001; Scorei and Cimpoiasu, 2006). The im-
portant functions of B in crop plants can be summarized
as.
e Carbohydrate metabolism and transport of sugars
through membranes
e Nucleic acids (DNA and RNA) and phytohormone
syntheses
e Structural integrity of plasma membrane (boric acid
is most probably involved in linking of some cell
components)
e Tissue development (involvement in a messenger
role in plants is suggested)
e Formation of stable complexes with compounds hav-
ing cis-hydroxyl groups
e Formation of B complexes with the constituents of
cell walls and plasma membranes

Boron needs of crops

Plant species differ in their B requirements; the general
critical deficiency rangeis5-10 mg/kg dry matter (DM) in
monacots (wheat, barley etc.) and 20—70 mg/kg dry mat-
ter (DM) in dicots (legumes) (Romheld and Marschner,
1991; Gupta, 1993). Differences in the B demand of
monocots and dicots are probably related to the amounts
of pectic substances present in their cell wall. Only amea
ger amount of pectic material is present in the cell walls of
monocots and such species also have much lower Care-
guirements. In a recent study, application of both Ca and
B to four cultivars of maize significantly enhanced shoot
dry matter production (Kanwal et al., 2008). Excess B
concentration can be toxic to plants, the critical toxicity
limits (mg/kg DM) are: 100 for corn (Zea mays L.), 100-
270 for wheat (Triticum aestivum L. emend. Fiori &
Paol.), 400 for cucumber (Cucumis sativus) and 100 for
squash (Cucurbita pepo). Thus, crops differ in their sensi-
tivity to B deficiency and toxicity. The 3 major categories
of plant speciesin relation to B nutrition are given below
(Romheld and Marschner, 1991; Gupta, 1993):

i. Low sensitivity to B deficiency and lesstolerance to

B toxicity: Wheat [Triticum aestivum (L.) emend.
Fiori & Paol], barley (Hordeum vulgare L.), oats
(Avena sativa L.), maize (Zea mays L.), sorghum
[Sorghum bicolor (L.) Moench], soybean (Glycine
max L.), other beans and potato (Solanum tuberosum
L.).

ii. Medium sensitivity to B deficiency and medium tol-
erance to B toxicity: Broccoli (Brassica oleracea L.
var. italica), cabbage (Brassica oleracea L. var.
capitata), carrot (Daucus carota L.), |ettuce (Lactuca
sativa L.), radish (Raphanus sativus L.), spinach
(Spinacia oleracea L.), tomato (Lycopersicon
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esculentum Mill), sweet corn (Zea mays L. var.
saccharata).

iii. High sengitivity to B deficiency and high tolerance to
B toxicity: Alfalfaor lucerne (Medicago sativa L.),
sugarbeet (Beta vulgaris L.) and turnip (Brassica
rapa Va. rapa).

Boron deficiency symptoms and critical deficiency
level (CDL) in plant tissue

Being aless mobile nutrient in plants, boron deficiency
symptoms first appear on stem tips, young leaves, flowers
and buds (Dobermann and Fairhurst, 2000). B deficiency
symptoms in plants include dark green, leathery, down-
ward cupping of leaves and dieback of shoot tips (Bell,
1997). Abortion of flowers and flower buds, squares in
cotton, poorly shaped fruits and malformed seeds, which
fetch a much lower price in the market, has the most
shocking effect on growers. Some of the known B defi-
cienciesare ‘crown and heart rot’ in sugar beets, ‘tip burn’
in lettuce, ‘cracked stems' in celery, formation of internal
‘cork like' material in cauliflower and ‘hollow heart’ in
groundnut kernels. All these effects are due to association
of B with pectic materia in cell walls (Mengel and Kirkby,
1987). B is considered as a fertilizer for quality in fruits.
The critical deficiency level (CDL) of B is 5-39 mg/kg
DM in mature tissue; the values differ from speciesto spe-
cies.

Total boron content in Indian soils

Thetota B contentsin Indian soils varied from 7 to 630
mg B/kg of soil. Soilsin arid and semi-arid tropical re-
gions had the highest contents of B. Satyanarayan (1958)
reported the influence of the geology of soil parent mate-
rials on the total B content as 7 mg B/kg in granite
(gneiss), 22 mg B/kg in lavas, 36 mg B/kg in basalt, 13 mg
B/kg in limestone, 62 mg B/kg in aluvium, 44 mg B/kg in
date and 371 mg B/kg in laterite. Certain young calcareous
alluvia soils (Calciorthents/Calcifluvents) had B contents
of up to 83 mg/kg. Coarse textured, leached soils
(Haplustalfs) showed lower B contents and its accumula-
tion was dependent upon the calcium carbonate (CaCO,)
content in the profile (Sakal and Singh, 1995). On the
other hand, Vertisol and Alfisol soils of the Deccan trap
formed from granite, basalt, shale, date and limestone had
28-57 mg B/kg. Raychaudhari and Datta Biswas (1964)
found that Xerochrepts developed on granite and crystal-
line gneiss contained 8.5 mg B/kg, but lateritic (Alfisol)
soils from more or less similar geologic parent materials
contained 25 mg B/kg.

Available boron contents in Indian soils

The contents of ‘available’ (hot water soluble — HWS)
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B in Indian soils ranged from 0.75 to 8.0 mg B/kg (Singh,
2001). Availability of soil B to plantsis often related to the
total B content as well as other properties such as pH,
CaCO, and organic matter contents, nutrient interactions,
plant type or variety and environmental factors, which
strongly influence the emergence of B deficiency or tox-
icity in plants (Sakal er al., 1996; Saha and Singh, 1997).
Deficiencies of B in Indian soils ranged from 2% in allu-
vial soils (Ustipsamments) of Gujarat, to 68% in red soils
(Cdciorthhents, Haplustalfs) in Bihar, with amean of 33%
for the whole country (Singh, 1999; Singh 2006). A maxi-
mum occurrence of B deficiency (54-86%) was recorded
in Alfisol soils of Asom and West Bengal, due to a de-
crease in water soluble B with increase in rainfall (Sakal
and Singh, 1995). A significant negative correlation exists
between soluble B and CaCO, content (Saha and Singh,
1997). An increase in organic carbon (OC) content from
0.50 to 0.75% enhances the fixation of B in soils by 48—
60%. Thus, association of B with OC preventsitsleaching
and thereby ensures its higher availability to crop plants
(Katyal and Vlek, 1985). High concentrations of B were
recorded in the saline soils of the Indo-Gangetic plain and
moderate level in Vertic Ustochrepts of Rajasthan and
Madhya Pradesh (Mathur et al., 1964; Saha et al., 1998).

Boron critical deficiency levels (CDL) in soils

In India, hot water extractable B (Berger and Troug,
1939) is the accepted procedure for determining available
B in soils and the general CDL is 0.5 mg/kg soil (or 0.5
ppm) (Rattan ez al, 2008), although different values have
been reported by researchers in different States of India
These include 0.35-0.36 mg/kg in Punjab (Singh and
Randhawa, 1977), 0.52-0.53 mg/kg in Bihar (Sakal et al.,
1996) and Uttar Pradesh (Takkar et al., 1997). Based on
large number of field trials data on crop responseto B fer-
tilization, Singh (2007) however, reported hot water ex-
tractable B concentration of <0.25, 0.25-0.50, 0.50-0.75,
0.75-1.00 and >1.00 mg/kg for categorizing very low, low,
medium, adequate and high B fertility soils, respectively.
As acontrast to other plant nutrients, B in soil solution is
present in non-ionic form as boric acid [H,BO,| or B(OH),
and is generally taken up in this form (Bingham et al.,
1970). Based on solubility criteria the average concentra-
tion of H,BO, in soil solution is approximately 10°>°>M
(Lindsay, 1991).

Boron toxicity symptoms and critical toxic level in
plant tissue

Boron toxicity is noticed in some limited geographical
areas and mostly in sensitive crops. The most prominent
symptoms of B toxicity are the yellowing of the leaf tip or
leaflets followed by browning and scorching or gradual
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necrosis of the tips and leaf margins (Gowarikar, 2009).
This renders the plants stunted and bushy, with a few
thinly branched leaves supporting small, curled-up and
discoloured leaflets. Older leaves develop brown spots
which make the leaf appear dried up and brittle
(Gowarikar, 2009). Excess accumulation of B above 3.0
mg B/kg soil induces leaf necrosis; reduces leaf areato the
extent which significantly reduces the photosynthesis,
yield, quality of produce of common crops (Shorrocks,
1997).

Soil factors affecting B availability

A number of soil factors affect B availability in soils;
some of these are discussed here:

Soil solution pH: Soil solution pH isthe most important
factor affecting B availability (Takkar er al., 1989). B
availability isthe least below pH 5.0 and between 7.2 and
8.7. That iswhy application of [imeto acid soils, in exces-
sive amounts, can sometimes render plants deficient in B.
Thisisin contrast to Fe, whose availability decreases as
the pH increases and Mo, whose availability increases as
the pH increases.

Soil organic matter (SOM): Boron associated with hu-
mic colloids is the principal B pool for plant growth in
most of the agricultura soils (Jones, 2003) and a positive
correlation between levels of SOM and the amount of hot
water-soluble B has been reported (Chang er al., 1983;
Takkar et al., 1989; Shafiq er al., 2008).

Soil moisture: Boron bioavailability decreases under
drought conditions because of reduced mobility of B in
soil by mass flow to roots (Barber, 1995). Lack of mois-
ture in soil also reduces transpiration rate, which reduces
B transport to shoots (Lovatt, 1985). Soil moisture stress
is reported to reduce B uptake and increase B deficiency
in crops as reported by Miley and Woodall (1967) in cot-
ton and by Faust and Shear (1968) in apple. This would
also partly explain reports of B deficiency in groundnut,
which is generaly grown under rainfed or dryland agricul-
ture conditions.

Soil texture: Coarse-textured soils often contain less
available B than fine-textured soils (Takkar et al., 1989),
primarily due to lower levels of soil organic matter. This
could be the reasons for B deficiencies in crop plantsin
sandy soils (Gupta, 1968).

Response of crops to boron and its methods of
application

A large number of crops have responded to B fertiliza-
tion. Precise B fertilization is important for the normal
growth, yields and quality of produce due to very narrow
range of boron (B) deficiency and toxicity in soils and
plants (Singh and Goswami, 2013). The range of response



514 PRASAD ET AL.

(t/ha) and mean (t/ha) for some crops were: wheat [0.03-
1.17, mean 0.39], rice [0.01-1.67, mean 0.32], maize
[0.17-1.05, mean 0.57], chickpea [0.09-0.90, mean 0.35],
lentil [0.04-0.49, mean 0.24], pigeonpea[0.03-0.32, mean
0.19], groundnut [0.05-0.42, mean 0.12], linseed [0.24-
0.17, mean 0.09], sunflower [0.03-0.85, mean 0.55], mus-
tard [0.12-0.50, mean 0.27], onion [3.87-7.30, mean 4.47]
and cotton [0.06-0.45, mean 0.26] (Singh, 1999). Boron
application @ 0.75 kg and 1.5 kg/ha in spring sunflower
was effective and the crop responded well up to the second
dose, and the higher (1.5 kg/ha) level gave the highest
seed yield (2.01 t/ha), which was 13.5 and 6.3% more than
that of the control and 0.75 kg B/ha respectively
(Shekhawat and Shivay, 2008).

Dwivedi et al. (1990) reported that soil application of
20 kg sodium tetraborate (14% B) to supply 2.8 kg B/haor
two foliar sprays with 0.2% solution of this salt proved
equally effective in increasing soybean grain yield. The
residual effect of soil applied B on subsequent wheat crop
was significantly higher as compared with directsfoliar B
application. As B undergoes less leaching in fine-textured
soils, soil application may produce residual effect. In view
of very sharp and narrow difference between optimum and
toxic levels of B, more precaution is needed in its repeat
application, particularly in medium- to fine-textured soils.
Boron deficiency is also invariably corrected by its soil
application depending upon soil type (Arora et al., 1985;
Sakal et al., 1988; Ali and Monoranjan, 1989). In calcar-
eous soils of Bihar, the rate varying between 1.0 to 2.5 kg
B/ha has been found to be optimum for different crops
(Sakal et al., 1988; Sinha et al., 1991).

Mondal er al. (2012) concluded that foliar application
of 0.2% boron at flowering along with three irrigations at
branching, pre-flowering and pod development stages are
optimum for realizing optimum yield of summer
mungbean on a sandy loam alluvia soil in West Bengal.
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The highest yield, oil and protein content of rapeseed was
recorded when NPK (80:40:40 kg/ha) was combined with
soil application of B at 0.5 kg/ha as calbor and organic
manure at 5 tonnes/ha (Mandal and Das, 2011). Ansari et
al. (2013) concluded that both soil and foliar applied bo-
ron have positive effect on growth and yield attributes as
well as pod yield of groundnut. They clearly demonstrated
that solubor as soil application @ 10 kg/ha can be applied
to achieve better land utilization, high yield aswell as pro-
ductivity and profitability than other treatments under
rainfed sandy loam soils. Generally 5-10 kg borax (11%
B)/hais applied to soil or a0.1-0.3% boric acid (16.5% B)
solution is sprayed on foliage to overcome the B defi-
ciency. Solubor (sodium borate) is also used for foliar
spray. Boronated super phosphate (0.18% B) (Takkar,
1996) and recently boronated NPK (0.3% B) have been
introduced in the Indian market (Sarkar et al., 2006). In
established field crops and in grapes B can be top-dressed
(Boswell et al., 1980).

Frequency of application depends upon doses of B ap-
plied and the nature of the crop. Studies showed that ap-
plication 0.8 kg B/hato each crop, or 1.6 kg B/hato alter-
nate crops gave higher yields in rice-wheat, maize-wheat
and sesame—chickpea cropping systems and were found
optimum for sustaining higher productivity (Table 1).
Regular applications of more than 2 kg B/ha caused ad-
verse effects on the growth and yield of crops. Therefore,
one should apply the optimum dose of B at the desired fre-
guency (Singh, 2006).

Crop species and their cultivars differ significantly in
their relative response to B, so its fertilisation has to be
practiced accordingly. Sakal and Singh (1995) reported the
tolerance of sesame cultivars to B stress in the order: RT-
54 > OMT-11-63 > OMT-11-6-5 = Krishna> TC 25 and
that of mustard cultivars as: Pusa Bold > RH-30 > =
Kranti > RAURD = BR-40 = Varuna in B-deficient

Table 1. Cumulative response (grain yield) of different crops as influenced by rates and frequency of boron application in three cropping

cyclesin calcareous soil (Singh, 2006)

B rate (kg/ha) Total B Rice-wheat (3 + 3 = 6 crops) Maize-mustard Sesame-—chickpea
and use added kg (3+3=6-crops) (3+3=6crops)
frequency (kg/ha) kg/ha kg/kg B % kg kg

kg/ha kg/kg B % kg/ha kg/kg B %
0.8A 24 2,710 1,129 14.2 1,590 663 13.2 377 157 7.2
08C 48 3,380 704 17.8 2,650 553 22.1 955 199 18.1
16A 4.8 4,130 860 21.7 2,730 569 22.7 1,162 242 22.1
16C 9.6 2,540 265 133 2,530 264 21.1 1,117 116 21.2
321,8C 72 2,850 39 15.0 2,310 32 19.2 719 10 13.6
FS. 2 9.0 1,330 147 7.0 1,520 168 12.7 555 62 10.5
LSD (P=0.05) - 378 - 469 - - 182 - -

B added 1=Once to first crop, A=Alternate, C=All crops, F.S. = Foliar spray of 0.25% H,BO,
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Psamment soilsin Bihar. Among the various sources of B,
the efficacy of borax, Granubor-11 and boric acid was
found to be amost equal in increasing the productivity of
groundnuts, soybeans, rice, cauliflower, chickpea, and
maize. Basal application of B, through broadcasting, gave
the best response. However, if a basal application is
missed, foliar sprays of 2.0-2.5 g/litre of boric acid or
Solubor can be used for correcting the B deficiency quite
efficiently.

Interaction with other nutrients

A significant positive interaction of B existswith N and
K. Smithson and Herthcote (1976) reported that for good
yields of cotton adequate B needs to be applied with high
rates of N. Similarly, Woodruff et al. (1987) reported that
high rates of K also require higher B application in corn
for yield maximization. On the other hand B has a nega-
tive interaction with Zn and high rates of Zn application
can reduce B uptake, which in away can help in reducing
B toxicity in plants (Pilbeam and Kirkby, 1983). Data on
these aspects are not yet available from India. Sinhaer al.
(2003) reported that interaction of P x B occurs when low
Plevel interferes with B metabolism, aggravating both the
deficiency or excess symptoms of B. Shekhawat and
Shivay (2008) reported that the total uptake of B was
higher due to various treatments of N, Sand B. Also, posi-
tive interaction of B was recorded with N and Sin their
study on spring sunflower.

Boron and irrigation water

B is the unique element in the sense that there is a nar-
row range between its deficient and toxic levels, < 0.5 mg
B/kg and > 5 mg B/kg, respectively (Reddy, 2000). Irriga-
tion water having 5-10 mg B/litreis suitable only for semi-
tolerant crops. Irrigation water having < 3 mg B/litreis
ideal for B tolerant and semi-tolerant crops. Underground
water used for irrigation purpose has been reported to con-
tain toxic amounts of B in several parts of Uttar Pradesh,
Rajasthan, Haryana, Punjab, and Gujarat (Chauhan and
Asthana, 1981).

Boron and disease/pest resistance in plants

Boron, possibly because of itsrolein lignin formation
(Graham et al., 1987) is able to reduce the incidence of
several diseases in plants. Some of these are: clubrot
(Plasmodiphora brassicae) in crucifers (Dixon and
Webster, 1988), Rhizocatania solani in peas, cowpea and
mungbean (Kataria and Grover, 1987), Rhizoctonia
bataticola in groundnut (Murgesan and Mahadevan,
1987), Fusarium solani in bean (Phaseolus vulgaris)
(Guerra and Anderson, 1985), and tomato leafcurl in to-
mato (Zaher, 1985). Application of B to soil is also re-
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ported to reduce mite (Petrobia latens) population in
wheat (Singh, 1986).

CONCLUSION

It is concluded that B plays an important role in plant
life and adequate B fertilization is a must for successful
crop production on B deficient soils, especially Bihar,
Jharkhand, West Bengal, Orissa and north-eastern states.
Plant species differ in their sensitivity to B deficiency and
toxicity. Hence, needful and careful B fertilization is the
key for sustainable production of cropsin intensive crop-
ping systems in India.
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