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ABSTRACT 

Boron (B) is an important plant micronutrient with a narrower range of deficit to toxicity than any 
other plant nutrients. As a result, comprehending the chemistry of born in soil is crucial. Although B 
inadequacy and toxicity may be linked to total B levels in the soil, these issues are caused by the chemical 
forms of B present in the soil, notably its solubility and availability to plants. Solution pH, soil texture, soil 
moisture, temperature, organic matter, and clay mineralogy all impact B availability and its adsorption in 
soils. Various empirical equations may be used to characterize boron adsorption processes. Due to the latest 
fertilizer technologies which provide better nutrient dissemination, year-round B availability, and a more 
adjustable application window in diverse crops boron management has improved dramatically. This paper 
reviews about different studies and progress of research in dynamics of boron and its management in 
different horticulture and agriculture crops. 
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1. INTRODUCTION 

Boron is one of the most important nutrient for crop growth, development, yield, and quality. Fundamental 
minerals like tourmaline and volatile emanations from volcanoes are the main B sources in most soils. 
Minerals which contain Boron are Kernite (Na2B4O7 .4H2O), Colemanite (Ca2B6O11 .5H2O), Borax (Na2B4O7 
.10H2O), Ulexite (NaCaB5O9 .8H2O), Tourmaline [Na(Mg,Fe)3Al6 (BO3)3Si 6O18.(OH)4], Kotoite (Mg3(BO3)2). 
Borax and solubor are the two most used B fertilizers [1]. Table 1 shows a list of common fertilizers.  

The total boron content in Indian soils varied from 7 to 630 mg B/kg of soil which depend on the soil parent 
material. The critical deficiency level (CDL) of B is 5–39 mg/kg dry matter in mature tissue; the values differ 
from species to species [2]. Plants need about 25 PPM of boron in the soil. The subsoil and deeper layers 
have higher boron [3]. B is mostly found in soil solutions as boric acid and borate [4]. Boron is constantly 
cycling through the soil. Minerals, adsorbing clay and Fe/Al oxide surfaces, organic matter, and fertilizers 
provide B to the soil solution. B is the sole essential element that appears in soil solution as a non-ionised 
molecule (H3BO3) [5]. 

In acidic soils, soluble B appears as non-ionized boric acid, whereas borate anion becomes increasingly 
prevalent when soil pH rises [6]. Plant B absorption is influenced by factors such as pH, texture, organic 
matter, temperature, moisture content, and plant type. B deficiency is commonly connected with coarse 
textured soils that are prone to leaching as a result of heavy rainfall in humid climates [7]. The kind and 
amount of bio-available B in the soil affects plant B absorption [8]. Water-soluble B concentrations is 
classified into five categories: very low (0.2 µg/g), low (0.25 - 0.5 µg/g), medium (0.51 - 1.0 µg/g), high (1.1 - 
2.0 µg/g), and very high (>2.0 µg/g) [9]. Weathering, mineralization, adsorption-desorption, immobilization 
and leaching processes all affect its availability to plants. Boron in soil solution is in equilibrium with 
adsorbed boron. Humic compounds and clay minerals are responsible for boron adsorption (crystalline or 
amorphous substances). Boron availability is greater in the pH range of 5.0-7.0, and it rises again at pH 8.5. 
Boron absorption by plants may be influenced by the types of nitrogen (N) given, since they can affect the 
pH of the soil solution: ammonium (NH+4) lowers pH, whereas nitrate (NO-3) raises it [4]. 0.0–0.2 PPM is 
considered low, 0.21–0.6 PPM is considered medium, 0.61–1.1 PPM is considered high, 1.2–3.0 PPM is 
considered extremely high, and >3.0 PPM is considered dangerous soil boron concentrations [10][11]. The 



 

 

ideal soil boron range was indicated to be 0.5–2.0 PPM, with lower and higher readings indicating 
insufficiency and toxicity. As a result, boron nutritional problems are extremely frequent [8]. 

The regulatory influence on other nutritional elements, production of new cells in meristematic tissue [12], 
translocation of sugars, starches, phosphorus, and other nutrients [13], cell wall synthesis [14] are all 
plausible roles of B in crops. As B is important for nitrogen absorption, both legumes and cyanobacteria 
require it for Nitrogen fixation [15]. Boron is required for glucose transport, metabolism, permeability and 
stability of cell membranes, and phenol metabolism [16]. A combination of heavy precipitation and high B 
solubility in soil solution might induce B insufficiency. Its deficit is particularly common in coarse-textured 
soils with poor organic matter, high pH, and calcium carbonate (CaCO3), resulting in low crop yields [17]. 
Boron deficiency symptoms emerge initially on stem tips, young leaves, blooms, and buds because it is a 
less mobile nutrient in plants [18]. B deficiency has been discovered in coarse-textured acidic soils as well as 
volcanic soils [19]. Boron may be hazardous to plants if it is present in excess levels in the soil [20]. 

Passive diffusion transports B at high B concentrations, whereas active transport requires the employment of 
a unique type of protein at low B concentrations [21]. At present, three pathways or mechanisms for B 
uptake and transport in plants have been identified: passive diffusion through plasma membrane; facilitated 
transport via channel proteins, such as nodulin 26-like intrinsic proteins (NIPs); and high-affinity active 
transport reconciled by borate transporters (BOR) under low B availability [22]. 

Since limited B adsorption occurs on the mineral fraction at low pH values, organic matter is one of the most 
important sources of B in acid soils [23]. Organic matter in the soil serves as a significant source of B. [24] 
discovered a higher presence of B in organic matter in soils than in the mineral fraction, as well as a 
favorable effect of organic fertilization on B absorption. Underground water used for irrigation has been 
documented to have dangerous quantities of B in many places (Uttar Pradesh, Rajasthan, Haryana, Punjab, 
and Gujarat) of India [25]; [26], whereas canal and tube well water are two typical sources utilized for 
irrigation. Groundwater, mining waste, fertilizers, and fossil fuel residues all result in greater B levels in soils. 
The physical–chemical soil features and B interaction in the soil were taken into account while defining the 
threshold B concentration in irrigation water for sensitive (0.3 mg/L) and tolerant (2 mg/L) crops [27]. Wood 
burning, coal and oil-fired power generation, glass production, borate mining and processing, leaching of 
treated wood/paper, and sewage disposal are all examples of anthropogenic sources [1]. 

Table 1. Commercially available sources of Boron 

 

Source Formula Boron% 
Borax Na2B4O7 .10H2O 11 
Boric acid H3BO3 17 
Colemanite Ca2B6O11 .5H2O 10-16 
Sodium pentaborate Na2B10O16 .10H2O 18 
Sodium tetraborate 
(Fertibor, Granubar) 

Na2B4O7 .5H2O 14-15 

Sodium octaborate 
(Solubor) 

Na2B8O13 .4H2O 20-21 

 

2. ROLE OF BORON IN PLANTS 

Boron (B) is involved in the production of cell walls, membrane integrity, sugar transport, and the metabolism 
of phenol, glucose, nucleic acid, and IAA (Indol Acetic Acid). In addition to its role in different metabolic 
processes, B impacts the development of reproductive structures, including microsporogenesis, pollen 
germination, and seed formation [28]. Boron increases fruit setting and seed formation during pollen tube 
expansion and germination, resulting in increased crop yield. B has a role in the cell membrane's protein and 
enzymatic functions, resulting in increased membrane integrity [12]. The increased demand for B in early 



 

 

developing tissues demonstrates its importance in cell division and elongation [29]. B has a role in phenolic 
metabolism, and phenol aggregation is a common symptom of B deficiency. B is important in nitrogen (N) 
metabolism because it increases nitrate levels while decreasing nitrate reductase activity when B levels are 
low [30]. B has an impact on the availability and absorption of other soil nutrients by plants. After B 
treatment, there was an apparent increase in the absorption and translocation of P, N, K, Zn, Fe, and Cu in 
cotton leaves, buds, and seeds [31]. 

Figure 1. Functions of Boron in plants [44] 

 

3.  DEFICIENCY OF BORON 

On a worldwide basis, boron shortage has been identified as the second most significant micronutrient 
limitation in crops, behind zinc (Zn) [31]. Since B is a unique nutrient with extremely narrow deficiency and 
toxicity thresholds, it frequently causes deficiency or toxicity. Plants show a variety of deficiency symptoms 
depending on their age and species, such as stunted root growth, restricted apical meristem growth, brittle 
leaves, reduced chlorophyll content and photosynthetic activity, ion transport disruption, increased phenolic 
and lignin content, and reduced crop yield [12]. B deficiency signs such as poor fruit production and fewer 
seeds are seen mainly during the reproductive period of crops. Although plants display uniform deficient 
symptoms on whole leaves, but sometimes in the form of isolated patches, the prevalence of symptoms is 
dependent on the severity of the B-deficiency condition. Because B is immobile, it tends to accumulate in 
older leaves, but new leaves do not acquire enough B to develop properly. Young leaves show deficient 
signs such as thick, twisted, and brittle leaves with restricted leaf expansion; corky veins; interveinal 
chlorosis; yellow water-soaked areas on lamina; and a short internodal distance, resulting in a bushy plant 
appearance [32]. 

Boron requirements are generally higher during a plant's reproductive phase of life. Male sterility is the most 
typical result of insufficiency throughout the reproductive period [29]. Root growth is inhibited when cell 
division in the apical meristem stops due to boron shortage. Internodes are reduced and necrotic patches 
form on leaves in severe and persistent deficit [33]. Mango fruit pitting problem is thought to be linked to 
boron and calcium insufficiency [34]. 

White necrotic streaks and the youngest developing leaves in rice do not unfurl and remain trapped in the 
subtending leaf. In wheat, chlorotic flecks with a vivid orange yellow tint in the centre of the lamina can be 



 

 

seen in older leaves. In ear-producing tillers, inflorescence and grain setting are limited. Older leaves of 
barley plants develop dark brown necrotic patches along the tips and edges after around 7 weeks of growth. 
Internodes become shorter, and nodes frequently expand. Plant leaves in mustard at the pre-flowering stage 
become thick, leathery, and pale to brownish green in color, with searing symptoms at the developing tips. At 
maturity, there was also slowed growth and the production of unfilled grains. Boron deficiency manifests as 
in cotton after 4 weeks of development, with noticeable signs appearing 45-50 days later with chlorotic 
patches of brittle young leaves. At the same time, the cupping of the central leaves is inward. In the carrot 
Rough, tiny roots with a longitudinal fracture and a conspicuous white core are formed. 'Brown-head,' 'Hollow 
stem,' and delayed curd development occur in cauliflower. The developing tip of the tomato stem has a 
blackened look, reduced development, curling, and yellowing. Fruits may have corky regions and ripen 
unevenly [5]. 

4. TOXICITY OF BORON 

Boron toxicity manifests differently in species with restricted and substantial phloem mobility. Foliar 
symptoms in barley and wheat include chlorosis and necrosis extending from the leaf tips, as well as brown 
lesions that start on the edges and spread throughout the leaf surface. The condition affects the plant's 
oldest leaves first, and then spreads to the top of the plant. Brown lesions can be found on leaf sheaths, 
stems, spikes, and awns in severe instances [33]. When boron content rises with soil depth, symptoms 
appear later and yield is lowered less [35]. 

Excess accumulation of B above 3.0 mg B/kg soil induces leaf necrosis; reduces leaf area to the extent 
which significantly reduces the photosynthesis, yield, quality of produce of common crops [36]. Excess boron 
reduces emergence in maize, tomato, carrot, and alfalfa [37]. For phloem-mobile Prunus, Malus, and Pyrus 
species, young shoot tip cessation, leaf axil gumming, brown corky lesions along stems and petioles, and 
bud abscission have been described [33] Chlorosis and necrosis at leaf tips on older leaves, delayed 
emergence and foliation, reduced development of lateral roots, distorted leaves, leaf axil gumming, and bud 
abcission are the most common boron toxic symptoms. 

5. CHEMISTRY OF BORON IN SOIL 
 

5.1. Availability of B 

Several variables influence the bioavailability and concentration of B in soils. Many parameters influence B 
retention in soil, including soil B content, pH, texture, organic matter, cation exchange capacity, 
exchangeable ion composition, and clay type and mineral coatings on clays [38]. Solution pH, soil texture, 
soil moisture, temperature, organic matter, and clay mineralogy are all factors that influence B availability 
and adsorption in soils [39]. Aluminium and iron oxides, magnesium hydroxide, clay minerals, calcium 
carbonate, and organic matter are all boron adsorbing surfaces in soils [40].Soils derived from marine shale-
rich parent material frequently have high B contents. Volcanic ash and soils enriched in aluminium (Al) 
oxides contribute to lower B bioavailability in soils [40]. They discovered a strong link between accessible B 
content, EC, pH, and organic carbon concentration [41]. In the pH range of 3 to 9, boron adsorption by soils 
increased, but in the pH range of 10 to 11.5, it declined [42] [43] observed that B adsorption was influenced 
by soil qualities such as organic matter, clay, and aluminium oxide content, and that it was reliant on and 
increased as a function of pH. The impact of organic matter on the availability of B in soils is magnified as 
the pH and clay content of the soil rise. Microbes are mostly responsible for the release of B in suitable 
form in organic substances [44]. In addition to the pH of the soil solution, the amount of B absorbed by the 
soil is strongly determined by soil texture. It rises in proportion to the amount of clay in the soil [23]. Illite is by 
far the most reactive with B of the clays, while montmorillonite is only reactive at higher pH and kaolinite is 
the least reactive on a mass basis [45]. 

Wetting and drying cycles enhanced the quantity of B fixation as this phenomenon changes the dynamics of 
adsorbing sites of the minerals thereby boron is tightly fixed in the adsorption sites, and the drying impact 
became more noticeable as the amount of B added increased. Organic matter has a significant impact on 



 

 

the availability of B. The results showed that soil B has a positive relationship with matter, and that as the 
matter content of the soil increased, so did the B concentration. This increase could be due to the 
decomposition of organic matter which produces acids such as tartaric, oxalic, citric, acetic, formic, and 
humic acid, which solubilized the unavailable fixed B in clay or CaCO3. Furthermore, some B gets 
complexed or chealeted with organic mattercontent and this B is released into the soil solution as the organic 
matter decomposes [42].Because minimal B adsorption on the mineral fraction occurs at low pH values, 
organic matter is one of the most important sources of B in acid soils [23]. 

Chakraborty (1999)[46] investigated the interaction impact of B and sulphur on B availability in mustard-
growing soils and found that the amount of periodic fluctuations in B content in soils increased dramatically 
with sulphur treatment, peaking at 60 kg ha-1 application. Because sulphate and phosphate anions compete 
with B, B has favorable interactions with sulphur and phosphorus. Cotton yields responded positively to B 
fertilization when combined with potassium treatments in long-term studies [1]. P was observed to boost the 
release of available B when used alone. The addition of Zn reduced the concentration of HWS-B in the 
absence of phosphorus [47]. Supplemental zinc, according to [20], has the potential and practical value of 
controlling B absorption and toxicity in soils where plants are cultivated under zinc deficit and B toxicity. 

5.2. Fractions of B 

For plant nutrition, the distribution of B between the solid and liquid phases is critical. Between the soil 
solution and the adsorbed B, there is a state of equilibrium [48]. Acknowledging the chemistry of B in soils 
and the possible contribution of these fractions to plant absorption of B requires fractionation as well as 
knowledge of its chemistry. The types of B contained in soil can be used to determine B status and possible 
availability to plants [49]. Plants receive B from the soil solution, and the adsorbed pool of B controls 
buffering against sudden fluctuations in the amount of B in the soil solution [50]. The evaluation of various 
forms in soils aids in the comprehension of their dynamics in soils. In soil layers of various depths, the 
concentration of B and its forms is widely dispersed [51]. 

Soil B comes in a variety of forms, each of which is in a state of dynamic equilibrium with the others. These 
forms include freely soluble B, specifically adsorbed B, oxide-bound B, organically bound B, and residual 
[52]. The most labile fraction of B in soil is readily soluble B which constitutes solution B along with non-
specifically adsorbed B which is found on the clay edges and other variable charge surfaces by displacement 
by anion exchange and mass reaction [1]. The amount of water-soluble B usually ranges from 7 to 80 mg/g 
[39]. The specifically adsorbed boron percentage is mostly determined by the clay composition of the soil 
and may be selectively adsorbed onto clay surfaces or connected with organic matter in soil [53]. 0.01–0.61 
percent of total soil B is found in this pool [54]. Tightly bound B at non-crystalline and some crystalline of Fe 
and Al is included in oxide-bound B. Adsorption sites for B are amorphous Al2O3 and Fe2O3 [1]. This pool 
accounts for around 3% of total boron [55]. Organically bound boron is inextricably linked to organic 
materials. Organic material adsorbs B, rendering it inaccessible to plants. Total boron is made up of 2–8% of 
organically bound boron [55]. Residual B can be found in mineral formations that are both primary and 
secondary, such as tourmaline and clay mica [1]. 

5.3. Adsorption and Desorption of B 

Boron availability is affected by adsorption–desorption processes, which are impacted by numerous physico-
chemical features of soils [56] [57]. The pH of the soil solution, the mineral content of the soil, and the texture 
of the soil determines the adsorption of boron [58]. Many soil variables influence the release of adsorbed 
boron from soil, including pH, EC, clay, and organic matter concentration [40].Various adsorption equations 
have been used to describe boron adsorption processes on oxides, clay minerals, and soil materials [59]. B 
adsorption on aluminium and iron oxides, clay minerals, calcite, humic acids, and soils was most typically 
described using the Langmuir or Freundlich equations [60]. The Langmuir equation has also been proven to 
accurately predict B adsorption by a variety of soils, including amorphous soils with adsorption maxima 
ranging from 10 to 100 g B g-1[61]. Because it is based on basic first-order kinetics, the Langmuir equation 
has significant limitations, but it can provide useful quantitative information on which to draw inferences 



 

 

about the nature of adsorption. This isotherm has the benefit of being able to offer both intensity and a 
capacity factor. Freundlich isotherms are used to express boron desorption data for all of soils studied by 
[62]. 

The adsorption of boron in Tamil Nadu soils followed both the Langmuir and Freundlich adsorption 
isotherms, with the Freundlich adsorption isotherm fitting the entire data well. The Freundlich K values for 
boron adsorption in 11 Tamil Nadu soils range from 0.18 to 1.96 mg kg-1[63]. In Haplaquepts, the Freundlich 
constant (1/n) varied from 0.703 to 1.230, whereas Fluvaquepts of Assam had values ranging from 0.611 to 
0.703 [64]. The adsorption of added boron (B) in 12 soils representing diverse agro-ecological areas of India 
was found to be in the following order: Vertisols>Inceptisols>Alfisols. Freundlich and Langmuir equations 
explained the adsorption behavior of the soils, however based on prediction coefficients (R2), Freundlich 
seemed to be the best fit for Vertisols and Inceptisols, and Langmuir for Alfisols with the lowest B adsorption 
[6]. 

Adsorption–desorption of B had been investigated using four surface soil samples from the arid and semi-
arid zones of Punjab state, two from each. It is concluded that the clay content and CEC of the soil were the 
key determinants of boron adsorption [40]. The Langmuir adsorption equation was used to calculate the 
boron adsorption data. When the curves were resolved into two linear sections, the fit of data in the 
Langmuir adsorption isotherm was curvilinear and substantial and good. The adsorption maxima for fine-
textured soils were substantially greater than for coarse-textured soils. This is mostly owing to the soil's high 
clay and organic matter concentration, as well as its CEC. When boron was adsorbed on Assam soils, CEC, 
clay, and organic matter content of the soils were positively and substantially linked with b1 [65]. Several 
investigations have shown that the mechanism of B adsorption on soil materials, such as clay, sesquioxides, 
and organic matter, is ligand exchange [66]. In Assam soil types, boron adsorption maxima were 
substantially linked with organic carbon (r = 0.96) [64]. As the fineness of soil texture is increased the 
maximum adsorption capacity of soils seemed to rise [67]. These findings indicated that in sandy soils poor 
in organic matter, supplemental B fertilizer should be easily available to plants due to the soil's inability to 
adsorb high levels of B. Because of the high adsorption capacity and bonding energy of fine-textured soils 
with high clay content or high levels of organic carbon, huge amounts of B might be added without being 
harmful to plants. Boron adsorption reduced with increasing temperature from 10 to 40 °C as B adsorption is 
exothermic in nature, according to Goldberg et al., [68]. As per Al-Falahi [69], boron emissions increased as 
the temperature rose. 

Hysteresis is common in B desorption reactions [70]. At a given equilibrium solution concentration in the 
soils, the quantity of boron sorbed by the soil was consistently larger during desorption than during 
adsorption [71]. Desorption of B rose when soil pH increased, but reduced as organic C, clay, and CEC 
levels increased [72]. The fact that both free Fe and Al oxide levels in soil decreased with an increase in soil 
pH might explain the positive association between B desorption and soil pH. It may be deduced that B 
adsorbed on sesquioxides at lower pH was attached more firmly than B adsorbed on soil elements other 
than sesquioxides at higher pH. Soil characteristics, such as CEC, clay, CaCO3, pH, and organic C, have a 
significant impact on B absorption and desorption in soil [60]. In comparison to fine-textured soils, coarse-
textured soils desorb more boron. These findings indicated that soils with higher boron adsorption slowly 
release boron into the soil solution and vice versa [73]. The sequence of desorption of added B was 
Inceptisols>Vertisols>Alfisols. Desorption of B rose when soil pH increased, but reduced as organic C, clay, 
and CEC levels increased [60]. 

6. MANAGEMENT OF BORON 

Boron is a vital element that has a variety of roles in plant development and metabolism. Multi-nutrient deficit 
has been recorded in various soils for crop production as a result of intensive cropping systems and greater 
crop productivity. Crop residue recycling, proper irrigation management, and micronutrient fertilizer, including 
boron application, should be made along with major nutrient fertilization wherever sub-optimal supplies are 
suspected for imparting sustainability to crops and cropping systems at the highest potential yield levels. 



 

 

Boron is the scarcest nutrient, especially in fruit crops, impacting crop productivity and quality. In boron-
deficient environments, efficient boron use by plants is an essential management technique. Many studies 
have been conducted to improve boron management in agricultural productivity. Different boron application 
methods and nutrient combinations have been studied in order to determine the most effective application 
method and dose. As seen in the table below, various plant species require varied quantities of boron 
fertilization. When recommending boron fertilizer, all plant and soil parameters that influence boron 
availability should be taken into account. Due to the relatively limited range of B deficiency and toxicity in 
soils and plants, optimizing B fertilizer input in B deficient soils is critical for normal development, yields, and 
quality of food. The frequency of B application is determined by the dosages used and the crop's 
characteristics. 

Table 2. Requirement of Boron for different crops 

Low 
Requirement 

Moderate 
Requirement 

High 
Requirement 

Alfalfa Apple Barley 

Apple Carrot Beans 

Cabbage Grapes Citrus 

Cauliflower Lettuce Cucumber 

Cotton Tomato Corn 

Peanut Radish Potato 

Sugar beet Pears Rice 

Sunflower Peaches Sorghum 

Turnip Spinach Wheat,oats 
 

6.1. Management of Boron in Horticultural crops 

Among the various levels of boron, the maximum concentration of all boron components in soil was reported 
at a rate of 2 kg B ha-1for cauliflower, cowpea, and okra crops at different crop growth phases. With crop 
ageing, there was a gradual drop in the level of all boron components. A boron concentration of 2 kg B ha-1 
was shown to be effective in enhancing yield in all crops. It was also reported the contributions of different 
boron fractions to crop output that is oxide bound boron was found to be the biggest contributor to cauliflower 
yield, residual boron to cowpea yield, and organic bound boron fraction to okra yield [74]. 

The importance of calcium and boron in the formation and maintenance of structural characteristics is well 
understood. Effect of boron and calcium on yield characteristics of grapes is well established. The number of 
bunches/vines (22 to 31 no’s), yield/vine (5.32 to 6.13 kg/vine), and yield per hectare (21.7 t ha-1) were all 
favorably improved by calcium and boron treatments. Total soluable solids (17.9 to 15.9 g/ 100 g of dry 
matter), juice pH (3.92 to 3.75), titrable acidity (0.91 to 1.19 percent), total solids (1.32 to 1.07 percent), berry 
hardness (11.9 to 7.95 N), and total sugars (15.6 to 11.2 percent) were all positively affected. It was reported 
that foliar spray of 0.5 percent calcium nitrate and 0.2 percent boric acid applied twice at 45 and 55 days 
after pruning boosted production by 11.1 percent while also improving quality metrics in the Paneer grape 
variety [75]. 

Spraying guava plants twice with a foliar solution of Borax @ 0.6 percent solution and ZnSo4 @ 0.75 percent 
solution, first before flowering and again after fruit setting, is favorable to getting a larger yield of quality fruits 
from the winter season crop. This method outperformed other foliar nutrient administration practices in terms 



 

 

of flowering, fruit set, fruit retention, fruit size, weight, volume, yield per plant, and fruit quality metrics such 
as total sugar, TSS, and Ascorbic acid [76]. 

Boron sources should be administered to coconut palms if foliar and soil levels of B fall below established 
critical values (7.50–13.27 mg B kg-1 for leaf boron concentration and 0.46–0.83 mg B kg-1 for soil boron 
concentration for acidic sandy soils of Kerala). To improve boron usage efficiency, the ideal dose of 160 g of 
borax per palm (i.e., 16 g of boron per palm) can be administered in four split doses together with husk burial 
in coconut cultivating soils [77]. 

In Citrus orchards, B inadequacy is common, and it causes production loss and poor fruit quality [78]. Citrus 
plants growing in excess B may benefit from the use of fertilizers including Si, Ca, and Zn [79]. 

B fertilization enhances tuber number and yield greatly. It is recommended that three sprays with 0.1 percent 
boric acid (40, 50, and 60 days after planting) resulted in the highest quantity and production of tubers, as 
well as increased B absorption in potato tuber (85.8%), haulm (182.0%), and total plant (169.8%) above 
control. The same dosage resulted in the highest net return and benefit-to-cost ratio. The availability of N 
and B in post-harvest soil was significantly influenced by B fertilizer. The findings imply that improving tuber 
output and B-use efficiency for processing grade potatoes requires the correct dose and method of B 
treatment [80] 

Boron (as disodium octaborate tetrahydrate) foliar sprays at 0.10 percent were most beneficial in enhancing 
the amount of B in the leaves (149.64 %) and fruits (120.14 %) of the 'Dashehari' cultivar. Overall, foliar 
application outperformed soil application in terms of increasing yield and reducing internal necrosis and fruit 
cracking disorders. In the 'Dashehari' cultivar, the internal necrosis disorder exacerbated the occurrence of 
fruit cracking. The results of this study showed that foliar boron application at 0.10 percent was the most 
effective for managing the above disorders and maintaining proper level of B in the leaves and fruits of 
‘Dashehari’ [81]. 

6.2. Management of Boron in Agricultural crops 

Effect of boron on the nutritional content of FCV tobacco (Nicotiana tabacum L.) had been investigated in 
two varieties i.e., TM-2008 and Speight G-28. The yield of tobacco crops increased at 1 kg B ha-1 and 
subsequently dropped sequentially in both kinds, according to the findings. The amount of boron supplied 
had a substantial impact on the amounts of N and P. Potassium levels were also raised, which is a favorable 
sign that the tobacco crop would be of higher quality. Boron application raised the concentrations of nutrient 
ratios such as K/B, Cl/B, and Mn/Fe, whereas ratio of K/Cl and Zn/Cu increased at lower boron 
concentrations and declined at higher boron concentrations [82]. 

In mustard (Brassica juncea L.) number of siliqua/plant, length of siliqua, number of seeds/siliqua, seed yield, 
and oil content were found to rise when boron was treated at 1.5 kg B ha-1, whereas protein content was 
reported to increase at 1.75 kg B ha-1. According to the findings, applying 1.5 kg B ha-1 resulted in a 36 
percent rise in seed output and a 52 percent increase in oil yield. It also considerably boosted B absorption 
by seed and stover compared to the control. As a result, its use in insufficient regions is advised to boost 
mustard yield in the region. [83] 

Applying boron (8 kg B ha-1) and molybdenum (1 kg Mo ha-1) to medium black calcareous soils in the south 
Saurashtra region of Gujarat increased growth parameters, yield attributes, yield, nutrient content, uptake, 
and quality parameters of summer groundnut (Arachis hypogaea L.) and post-harvest soil fertility [84]. 

At crucial growth phases of black gram (Vigna mungo), STCR-based N, P2O5, and K2O, as well as soil 
application of boron @ 1.5 kg ha-1 and foliar application of borax @ 0.25 percent, produced the maximum 
plant height, root dry weight, number of root nodules, and grain yield. Boron should be used to improve the 
productivity of black gram in calcareous soil [85]. 



 

 

Increasing levels of boron increased seed cotton yield and its attributing characters (plant height, number of 
sympodial and monopodial branches, boll weight, and number of boll per plant) and root biomass 
significantly over the control up to 1.0 mg B kg-1, but then became non-significant with higher levels of soil-
applied boron [86]. 

7. Conclusion 

It may be inferred from this review that boron is an essential plant nutrient that plays a vital role in a variety of 
plant physiological activities. Boron is required for plant reproduction, cell wall and membrane structural 
integration, ion fluxes across membranes, fruit and seed establishment, primary metabolic pathways, and 
root growth. Adequate knowledge of boron chemistry and its components is required for efficient 
management of B in crop production. Boron deficiency and toxicity can be reduced by adjusting pH, 
temperature, moisture, and organic matter, all of which affect boron availability in plants. According to 
studies, foliar spray is proved to be efficient than soil treatment in elevating the yield and quality of crops. 
When fertilizing with boron, measures should be taken to prevent adsorption of B since it is a significant 
factor that might alter the availability of B to plants. 

8. Future aspects 

When dealing with B in soils in different geographical and climatic zones, site-specific and crop-specific 
nutrient management should be considered. Surface complexation models must be incorporated into 
transport models in order to anticipate B adsorption-desorption reactions in soil and during reclamation 
operations. More information on the hysteresis effect should be investigated. It is possible to employ 
advanced experimental techniques to disclose typical characteristics of B-organic matter and B-clay 
complexes in the soil environment. Boron status of places is being delineated and reassessed, as well as 
soil fertility maps being updated. Micronutrient research on fruits and vegetable crops is dispersed and 
limited; nonetheless, there is plenty of room for micronutrients to improve quality and productivity in these 
crops. Incorporating vesicular arbuscular mycorrhizal (VAM) fungus into integrated fertilizer supply systems 
has the ability to alleviate deficiencies in soils that aren't significantly deficient. It is necessary to investigate 
how to optimize the B requirements of diverse crops and cropping systems under varied soil conditions. 
Boron biofortification in several crops benefits human health dramatically. Boron shortages in crops and 
cropping systems (including horticultural crops) must be addressed in order to improve fertilizer usage 
efficiency. Basic research on the emergence and characterization of Boron deficiency/toxicity symptoms, as 
well as the effects of continuous Boron treatment on crop physiology and soil quality, is urgently needed. 

REFERENCE 

1. Das, A. K., & Purkait, A. (2020). Boron dynamics in soil: classification, sources, factors, fractions, 
and kinetics. Communications in Soil Science and Plant Analysis, 51(22), 2778-2790. 

2. Prasad, R., Kumar, D., Shivay, Y. S., & Rana, D. S. (2014). Boron in Indian agriculture–A 
review. Indian Journal of Agronomy, 59(4), 511-517. 

3. Khan, B. (2009). Environmental Impact and Health Effects of Boron. 
4. Marschner, H. (Ed.). (2012). Marschner's mineral nutrition of higher plants. Academic press. 
5. Krishna, G. R., Shi, L., Bag, P. P., Sun, C. C., & Reddy, C. M. (2015). Correlation among crystal 

structure, mechanical behavior, and tabletability in the co-crystals of vanillin isomers. Crystal Growth 
& Design, 15(4), 1827-1832. 

6. Dey, A., Dwivedi, B. S., Datta, S. P., Meena, M. C., & Agarwal, B. K. (2015). Soil boron status: 
Impact of lime and fertilizers in an Indian long-term field experiment on a Typic Paleustalf. Acta 
Agriculturae Scandinavica, Section B—Soil & Plant Science, 65(1), 54-62. 

7. Goldberg, S. (1997). Reactions of boron with soils. Plant and soil, 193(1), 35-48. 
8. Sun, A., Gou, D., Dong, Y., Xu, Q., & Cao, G. (2019). Extraction and analysis of available boron 

isotopes in soil using multicollector inductively coupled plasma mass spectrometry. Journal of 
agricultural and food chemistry, 67(25), 7183-7189. 



 

 

9. Choi, E. Y., Park, H. I., Ju, J. H., & Yoon, Y. H. (2015). Boron availability alters its distribution in plant 
parts of tomato. Horticulture, Environment, and Biotechnology, 56(2), 145-151. 

10. Abreu, C. A. D., van Raij, B., Abreu, M. F. D., & González, A. P. (2005). Routine soil testing to 
monitor heavy metals and boron. Scientia Agricola, 62(6), 564-571. 

11. Alloway, B. J. (1995). Heavy metals in soils. Blackie Academic and Professional. An Imprint of 
Chapman & Hall. Glasgow. 

12. Goldbach, H. E., Yu, Q., Wingender, R., Schulz, M., Wimmer, M., Findeklee, P., &Baluška, F. 
(2001). Rapid response reactions of roots to boron deprivation. Journal of Plant Nutrition and Soil 
Science, 164(2), 173-181. 

13. Farooq, M., Rashid, A., Nadeem, F., Stuerz, S., Asch, F., Bell, R. W., & Siddique, K. H. (2018). 
Boron nutrition of rice in different production systems. A review. Agronomy for Sustainable 
Development, 38(3), 1-24. 

14. Kobayashi, M., Miyamoto, M., Matoh, T., Kitajima, S., Hanano, S., Sumerta, I. N., ... & Shibata, D. 
(2018). Mechanism underlying rapid responses to boron deprivation in Arabidopsis roots. Soil 
Science and Plant Nutrition, 64(1), 106-115. 

15. Brown, P. H., & Shelp, B. J. (1997). Boron mobility in plants. Plant and soil, 193(1), 85-101. 
16. Solanki, V. P. S., Singh, J. P., & Singh, V. I. N. A. Y. (2018). Differential response of vegetable crops 

to boron application. Annals of Plant and Soil Research, 20(3), 239-242. 
17. Kumar, S., Kumar, M., & Kumar, R. (2021). Effect of boron and molybdenum on growth and yield on 

cauliflower (Brassica oleracea var. botrytis L.) CV. snowball-16 at different stage. 
18. Dobermann, A., & Fairhurst, T. (2000). Nutritional disorders and nutrient management. International 

Rice Research Institute, Los Banos, Philippines, 132-34. 
19. Das, R., Mandal, B., Sarkar, D., Pradhan, A.K., Datta, A., Padhan, D., Seth, A., Kumar, R., De, N., 

Mishra, V.N. and Polara, K.B., (2019). Boron availability in soils and its nutrition of crops under long-
term fertility experiments in India. Geoderma, 351, 116-129. 

20. RAJAEI, M., EJRAEI, A., OULIAEI, H., &Tavakoli, A. R. (2012). Effect of zinc and boron interaction 
on growth and mineral composition of lemon seedlings in a calcareous soil. 

21. Dannel, F., Pfeffer, H., &Römheld, V. (2002). Update on boron in higher plants-Uptake, primary 
translocation and compartmentation. Plant Biology, 4(02), 193-204. 

22. Takano, J., Miwa, K., & Fujiwara, T. (2008). Boron transport mechanisms: collaboration of channels 
and transporters. Trends in plant science, 13(8), 451-457. 

23. Tlili, A., Dridi, I., Attaya, R., &Gueddari, M. (2019). Boron characterization, distribution in particle-size 
fractions, and its adsorption-desorption process in a semiarid Tunisian soil. Journal of 
Chemistry, 2019. 

24. Jacoby, R., Peukert, M., Succurro, A., Koprivova, A., & Kopriva, S. (2017). The role of soil 
microorganisms in plant mineral nutrition—current knowledge and future directions. Frontiers in plant 
science, 8, 1617. 

25. Chaudhary, V., Kumar, M., Sharma, M., & Yadav, B. S. (2010). Fluoride, boron and nitrate toxicity in 
ground water of northwest Rajasthan, India. Environmental monitoring and assessment, 161(1), 343-
348. 

26. Chauhan, R. P. S., & Asthana, A. K. (1981). Tolerance of lentil, barley and oats to boron in irrigation 
water. The Journal of Agricultural Science, 97(1), 75-78. 

27. Nikolaou, G., Neocleous, D., Christophi, C., Heracleous, T., &Markou, M. (2020). Irrigation 
groundwater quality characteristics: a case study of Cyprus. Atmosphere, 11(3), 302. 

28. Pandey, N., & Gupta, B. (2013). The impact of foliar boron sprays on reproductive biology and seed 
quality of black gram. Journal of Trace Elements in Medicine and Biology, 27(1), 58-64. 

29. Dell, B., & Huang, L. (1997). Physiological response of plants to low boron. Plant and soil, 193(1), 
103-120. 

30. Shen, Z., Liang, Y., & Shen, K. (1993). Effect of boron on the nitrate reductase activity in oilseed 
rape plants. Journal of Plant Nutrition, 16(7), 1229-1239. 

31. Ahmad, W., Zia, M. H., Malhi, S. S., Niaz, A., & Ullah, S. (2012). Boron Deficiency in soils and crops: 
a review. Crop plant, 2012, 65-97. 



 

 

32. Zhou, G. F., Peng, S. A., Liu, Y. Z., Wei, Q. J., Han, J., & Islam, M. (2014). The physiological and 
nutritional responses of seven different citrus rootstock seedlings to boron deficiency. Trees, 28(1), 
295-307. 

33. Brdar-Jokanović, M. (2020). Boron toxicity and deficiency in agricultural plants. International Journal 
of Molecular Sciences, 21(4), 1424. 

34. Sharma, R. R., & Singh, R. (2009). The fruit pitting disorder—A physiological anomaly in mango 
(Mangifera indica L.) due to deficiency of calcium and boron. Scientia horticulturae, 119(4), 388-391. 

35. Brennan, R. F., & Adcock, K. G. (2004). Incidence of boron toxicity in spring barley in southwestern 
Australia. Journal of Plant Nutrition, 27(3), 411-425. 

36. Shorrocks, V. M. (1997). The occurrence and correction of boron deficiency. Plant and soil, 193(1), 
121-148. 

37. Bañuelos, G. S., Ajwa, H. A., Caceres, L., & Dyer, D. (1999). Germination responses and boron 
accumulation in germplasm from Chile and the United States grown with boron-enriched 
water. Ecotoxicology and environmental safety, 43(1), 62-67. 

38. Rehman, A., Farooq, M., Rashid, A., Nadeem, F., Stuerz, S., Asch, F., ... & Siddique, K. H. (2018). 
Boron nutrition of rice in different production systems. A review. Agronomy for Sustainable 
Development, 38(3), 25. 

39. Princi, M. P., Lupini, A., Araniti, F., Longo, C., Mauceri, A., Sunseri, F., &Abenavoli, M. R. (2016). 
Boron toxicity and tolerance in plants: Recent advances and future perspectives. Plant metal 
interaction, 115-147. 

40. Arora, S., & Chahal, D. S. (2010). Effect of soil properties on boron adsorption and release in arid 
and semi-arid benchmark soils. Communications in Soil Science and Plant Analysis, 41(21), 2532-
2544. 

41. Mathur, R., & Sudan, P. (2011). Relationship and distribution of various forms of boron with different 
physico chemical properties of soil in Bikaner district. J. Chem. Pharm. Res, 3(3), 290-294. 

42. Kundu, D., Khanam, R., Saha, S., Thingujam, U., & Hazra, G. C. (2017). Boron availability in relation 
to some important soil chemical properties in acid soils of Cooch Behar district, West 
Bengal. Journal of Applied and Natural Science, 9(4), 2400-2403. 

43. Steiner, F., & Lana, M. D. C. (2013). Effect of pH on boron adsorption in some soils of Paraná, 
Brazil. Chilean journal of agricultural research, 73(2), 181-186. 

44. Shireen, Fareeha, Muhammad Azher Nawaz, Chen Chen, Qikai Zhang, Zuhua Zheng, Hamza 
Sohail, Jingyu Sun, Haishun Cao, Yuan Huang, and ZhilongBie (2018). Boron: functions and 
approaches to enhance its availability in plants for sustainable agriculture. International Journal of 
Molecular Sciences, 19(7), 1856. 

45. Santos, P. D., Goldberg, S., & Costa, A. C. S. D. (2019). Modeling boron adsorption on five soils 
before and after removal of organic matter. Scientia Agricola, 77. 

46. Chakraborty, A. K. 1999. In: Ph.D. thesis., Department of Agricultural Chemistry and Soil Science, 
BCKV, Mohanpur, Nadia, West Bengal, India. 

47. Kamboj, N., & Malik, R. S. (2018) RELEASE BEHAVIOUR OF BORON IN LOW AND HIGH BORON 
STATUS SOILS VIS-A-VIS ZINC AND PHOSPHORUS APPLICATION. 

48. Chaudhary, D. R., Shukla, L. M., & Gupta, A. (2005). Boron equilibria in soil–A review. Agricultural 
Reviews, 26(4), 288-294. 

49. Kumari, K., Nazir, G., Singh, A., & Kumar, P. (2017). Studies on boron fractions with different 
physico-chemical properties of cultivated soils of Himachal Pradesh, India. Int. J. Curr. Microbiol. 
App. Sci, 6(6), 1547-1555. 

50. Hatcher, J. T., Blair, G. Y., & Bower, C. A. (1962). Adjusting soil solutions to specified boron 
concentrations. Soil Science, 94(1), 55-57. 

51. Patra, A., Sinha, A. K., Rakesh, S., Biswas, S., & Mukhopadhyay, P. (2018). Different fractions of 
boron in soils of Alfisol and Entisol of West Bengal. Journal of Pharmacognosy and 
Phytochemistry, 7(1), 510-513. 



 

 

52. Barman, P., Sen, A., Phonglosa, A., & Bhattacharyya, K. (2017). Depth wise distribution of boron in 
some soils of red and laterite zone of West Bengal, India. International Journal of Current 
Microbiology and Applied Sciences, 6(12), 4126-37. 

53. Jin, J. Y., Martens, D. C., &Zelazny, L. W. (1987). Distribution and plant availability of soil boron 
fractions. Soil Science Society of America Journal, 51(5), 1228-1231. 

54. Xu, J. M., Wang, K., Bell, R. W., Yang, Y. A., & Huang, L. B. (2001). Soil boron fractions and their 
relationship to soil properties. Soil Science Society of America Journal, 65(1), 133-138. 

55. Hou, J., Evans, L. J., & Spiers, G. A. (1994). Boron fractionation in soils. Communications in Soil 
Science and Plant Analysis, 25(9-10), 1841-1853. 

56. Elrashidi, M. A., &O'connor, G. A. (1982). Boron sorption and desorption in soils. Soil Science 
Society of America Journal, 46(1), 27-31. 

57. Das, D. K. 2000. Boron. In Micronutrients: Their behavior in soils and plants, 127–155. Ludhiana, 
India: Kalyani Publishers. 

58. Communar, G., & Keren, R. (2006). Rate�limited boron transport in soils: The effect of soil texture 
and solution pH. Soil Science Society of America Journal, 70(3), 882-892. 

59. Datta, S. P., & Bhadoria, P. B. S. (1999). Boron adsorption and desorption in some acid soils of 
West Bengal, India. Journal of Plant Nutrition and Soil Science, 162(2), 183-191. 

60. Dey, A., Dwivedi, B. S., Meena, M. C., & Datta, S. P. (2013). Adsorption-desorption of boron in major 
soils of India. Journal of the Indian Society of Soil Science, 61(3), 179-187. 

61. Bingham, F., Page, A. L., Coleman, N. T., &Flach, K. (1971). Boron adsorption characteristics of 
selected amorphous soils from Mexico and Hawaii. Soil Science Society of America Journal, 35(4), 
546-550. 

62. Diana, G., & Beni, C. (2007). Boron desorption in soils treated with organic and mineral 
fertilization. AGROCHIMICA-PISA-, 51(2/3), 160. 

63. Krishnasamy, R., Jaisankar, J., & Suresh, M. (1997). Characterization of boron adsorption in soils of 
Tamil Nadu (S. India). In Boron in soils and plants (pp. 255-259). Springer, Dordrecht. 

64. Dekamedhi, B., Das, M. N., &Medhi, D. N. (1998). Adsorption behaviour of boron in two great soil 
groups of Assam. Journal of the Indian Society of Soil Science (India). 

65. Borkakti, K. (1988). Adsorption, movement and forms of occurrence of boron in major soil groups of 
Assam (Doctoral dissertation, Ph. D. Dissertation). 

66. Goldberg, S. (1997). Reactions of boron with soils. Plant and soil, 193(1), 35-48. 
67. Biggar, J. W., & Fireman, M. (1960). Boron adsorption and release by soils. Soil Science Society of 

America Journal, 24(2), 115-120. 
68. Goldberg, S., Forster, H. S., &Heick, E. L. (1993). Temperature effects on boron adsorption by 

reference minerals and soils. Soil Science, 156(5), 316-321. 
69. Al-Falahi, A. A. (2000). Status and Behavior of Boron in Iraqi Saline Soils (Doctoral dissertation, 

PhD. thesis, University of Baghdad, Agriculture College). 
70. Vu, X., Lin, J. Y., Shih, Y. J., & Huang, Y. H. (2018). Reclaiming boron as calcium perborate pellets 

from synthetic wastewater by integrating chemical oxo-precipitation within a fluidized-bed 
crystallizer. ACS Sustainable Chemistry & Engineering, 6(4), 4784-4792. 

71. Saha, J. K., & Singh, M. V. (1997). Boron adsorption-desorption characteristics of some major soil 
groups of India. Journal of the Indian Society of Soil Science, 45(2), 271-274. 

72. Suganya, S., Mahendran, P. P., Pandian, P. S., Subbiah, A., & Balasubramanian, G. (2019). 
Adsorption: Desorption behaviour of boron in different soil series. The Pharma Innovation 
Journal, 8(10), 129-34. 

73. Padbhushan, R., & Kumar, D. (2017). Fractions of soil boron: A review. The Journal of Agricultural 
Science, 155(7), 1023-1032. 

74. Bhupenchandra, I., Basumatary, A., Dutta, S., Singh, L. K., & Datta, N. (2020). Impact of boron 
fertilization on boron fractions at different crop growth stages in cauliflower_cowpea_okra sequence 
in an inceptisols of North East India. Journal of Plant Nutrition, 43(8), 1175-1188. 



 

 

75. Swathi, A., Jegadeeswari, D., Chitdeshwari, T., & Kavitha, C. (2019). Effect of foliar nutrition of 
calcium and boron on the yield and quality attributes of grape. Journal of Pharmacognosy and 
Phytochemistry, 8(3), 3625-3629. 

76. Baranwal, D., Tomar, S., Singh, J. P., & Maurya, J. K. (2017). Effect of foliar application of zinc and 
boron on fruit growth, yield and quality of winter season Guava (Psidium guajava L.). International 
Journal of Current Microbiology and Applied Sciences, 6(9), 1525-1529. 

77. Mathew, J., Krishnakumar, V., Srinivasan, V., Bhat, R., Namboothiri, C. G., &Haris, A. A. (2018). 
Standardization of critical boron level in soil and leaves of coconut palms grown in a tropical 
Entisol. Journal of soil science and plant nutrition, 18(2), 376-387. 

78. Yang, L. T., Qi, Y. P., Lu, Y. B., Guo, P., Sang, W., Feng, H., ... & Chen, L. S. (2013). iTRAQ protein 
profile analysis of Citrus sinensis roots in response to long-term boron-deficiency. Journal of 
Proteomics, 93, 179-206. 

79. Hua, T., Zhang, R., Sun, H., & Liu, C. (2021). Alleviation of boron toxicity in plants: Mechanisms and 
approaches. Critical Reviews in Environmental Science and Technology, 51(24), 2975-3015. 

80. Sarkar, S., Banerjee, H., Ray, K., & Ghosh, D. (2018). Boron fertilization effects in processing grade 
potato on an Inceptisol of West Bengal, India. Journal of Plant Nutrition, 41(11), 1456-1470. 

81. Saran, P. L., & Kumar, R. (2011). Boron deficiency disorders in mango (Mangifera indica): field 
screening, nutrient composition and amelioration by boron application. Indian Journal of Agricultural 
Sciences, 81(6), 506. 

82. Ali, F., Ali, A., Gul, H., Sharif, M., Sadiq, A., Ahmed, A., Ullah, A., Mahar, A. and Kalhoro, S.A., 
(2015). Effect of boron soil application on nutrients efficiency in tobacco leaf. American Journal of 
Plant Sciences, 6(09), 1391. 

83. Yadav, S. N., Singh, S. K., & Kumar, O. (2016). Effect of boron on yield attributes, seed yield and oil 
content of mustard (Brassica juncea L.) on an Inceptisol. Journal of the Indian Society of Soil 
Science, 64(3), 291-296. 

84. Hirpara, D. V., Sakarvadia, H. L., Jadeja, A. S., Vekaria, L. C., &Ponkia, H. P. (2019). Response of 
boron and molybdenum on groundnut (Arachis hypogaea L.) under medium black calcareous 
soil. Journal of Pharmacognosy and Phytochemistry, 8(5), 671-677. 

85. Sharmila, S., Pandian, P. S., Indirani, R., & Subramanian, E. (2020). Influence of boron on growth 
attributes, yield of black gram and available boron status in Typic chromustert. IJCS, 8(6), 2291-
2294. 

86. Kumar, S., Kumar, D., Sekhon, K. S., & Choudhary, O. P. (2018). Influence of levels and methods of 
boron application on the yield and uptake of boron by cotton in a calcareous soil of 
Punjab. Communications in Soil Science and Plant Analysis, 49(4), 499-514. 


