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CHAPTER 1 

INTRODUCTION 

 

Boron belongs to metalloid group of elements including silicon and 

germanium. These elements are intermediate in properties between metals and 

nonmetals, and also share many features in common in plants. The atom is small 

and has only three valencies. In addition, its acid (Boric acid) is  very weak  and in 

aqueous solution at pH < 7, it occurs mainly as undissociated boric acid. At higher 

pH boric acid accepts hydroxyl ions from water thus forming a tetrahedral borate 

anion (Shelp,  1993). 

B(OH)3 + 2H2O↔B(OH)4
- + H3O+ 

Boron is an essential micronutrient for plant growth and is needed in small 

amount. Its deficiency is much more common in crops that are grown in soil that 

have higher amount of free carbonates, low organic matter, and high pH 

(Lindsay,1991 and Rashid, 1996).Moreover, as the crop plants (grain as well as 

straw in case of cereals) are removed from the field, hardly any crop residue gets 

recycled back to the soil resulting in decreasing nutrient pool including B. In 

addition, abundant soil moisture (because of torrential monsoon rains during July-

August, in flooded rice fields etc.) also causes B leaching, beyond the root zone 

(Keren and Bingham, 1985). On the other hand, the dry surface soil layers, 

because of dry spells during the growing season, inhibit root absorption of boron 

(Shorrocks, 1997). Also, subsequent to green revolution, crop yields and crop 

intensification have risen and, hence, increased amounts of B are being removed 

from soils, year after year. 

Fertilizer use in the country predominantly pertains to nitrogen (N) and 

phosphorus (P). Potassium (K) use is confined to a few high-K requiring crops like 
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tobacco and potato and B use is negligible. Many introduced crop varieties are 

more susceptible to B deficiency than landraces (Chaudhry et al., 1977; Rashid 

and Din, 1992). Hence, soil conditions and agronomic practices are conducive to 

the incidence of B deficiency in plants. Field research in Pakistan has 

demonstrated yield increases due to B use on several crops, including wheat, rice, 

maize, groundnuts, tobacco, and potato. There was 14%, 19%, and 20% increase 

in yield due to B in wheat, rice, and maize respectively (NDFC Publication 4/98). 

Role of boron in plant nutrition is still the least understood of all the 

mineral nutrients and what is known of boron requirement arises mainly from 

studies of what happens when boron is withheld or resupplied after deficiency. 

This poor knowledge is surprising, because on a molar basis the requirement for 

boron, at- least for dicotyledons, is higher than that for any other micronutrient 

(Shelp,1992). Although generally less sensitive to B deficiency than dicotyledons, 

cereals including maize, sorghum, wheat, rice and barley are also being affected 

by deficiency in several parts of the world (Rashid et al 2004). Boron is neither an 

enzyme constituent nor is their convincing evidence that it directly affects enzyme 

activities. There is a long list of postulated roles of boron (Parr and Loughman, 

1983) such as: (a) sugar transport ; (b) cell wall synthesis ;(c) lignification; (d) 

cell wall structure; (e) carbohydrate metabolism; (f) RNA metabolism; (g) 

respiration ;(h) indole acetic acid (IAA); metabolism; (i) phenol metabolism; (j) 

membranes. 

Tourmaline, a complex borosilicate, is the main B-containing mineral 

found in most soils. Release of boron from this mineral is quite slow. Boron 

reserves varys in soils of arid climates, where borates of alkali and alkaline earth 

elements predominate. The total B concentration in soils ranges from 20-200mg 

kg-1 (Mengal and Kirby 1987). Most of it is unavailable to plants. The available 

(hot water soluble) fraction generally ranges from 0.4-5 mg kg-1 (Gupta 1979). B 

availability decreases with increasing soil pH; thus it is often inadequately 
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available in calcareous soils. B uptake by plants correlates well with the level of 

hot water soluble and HCl extractable soil B (Rashid et al. 1994). 

B fertilization methods and rates should be carefully defined because of the 

small amounts needed for correction while avoiding over-application and possible 

toxicity. Broadcast B should be followed by incorporation to the full cultivation 

depth before seedbed preparation. Surface broadcast application on hay crops is an 

effective application technique (Bill Peacock and Peter Christensen, 1998). 

In order to recommend the correct rate of B application the B present in soil 

water available to plants needs to be determined. It is important to know that a 

sorption isotherm takes into account the intensity, quantity and capacity factors, 

which are important for predicting the amount of soil nutrients required for 

maximum plant growth. It can also help to predict how the nutrient status of a soil 

will change upon cropping. If the critical B level in solution  for maximum plant 

growth can be identified, then nutrient-sorption isotherm can be used to estimate 

the fertilizer B needed to adjust the B level in soil solution to the level optimum 

for maximum yield. The amounts of nutrients required by a soil are affected by the 

clay minerals, CEC, organic matter, soil texture, CaCO3 and other properties. 

However, these properties are not needed to be measured in order to determine soil 

requirements using sorption technique. This is one benefit of sorption isotherm. 

The other important benefit is that shorter time and less laboratory work is needed 

to produce a sorption curve for basic site-specific fertilizer recommendation (Solis 

and Torrent, 1989).Therefore, the knowledge of the sorption capacity of soils 

provides an accurate estimate of fertilizer requirements of soils. 

Various modeling approaches have been used to describe B adsorption 

reactions in soils. Interests in such models increase when profits from crop 

production are poor and when the marginal cost of any one or group of production 

input variables is similar to its margin of return. Historically, B adsorption by soils 

has been described using empirical models such as the Langmuir and Freundlich 
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adsorption isotherm equations (Elrashidi and O” Connor, 1982). Both of these 

equations contain two adjustable parameters and assume that adsorption occurs at 

constant solution pH. 

The range of  soil solution B concentration  between plant deficiency and 

toxicity is narrow.  Plant B deficiency is observed in areas of plentiful rainfall, 

especially on sandy soils. Boron toxicity symptoms are often observed in arid 

areas and are due to high levels of B in soil solution and use of irrigation waters 

high in B. Both B deficiency and toxicity conditions can lead to marked yield 

reductions of crop plants and economic losses. Soil solution B concentrations 

equilibrate with B adsorbed onto various organic and mineral surfaces (Goldberg, 

1993). Adsorption sites on organic matter, oxide minerals, clay minerals and 

carbonates act as sources and sink for B. Adsorbed B is neither directly available 

nor toxic to plants (Keren et al., 1985). Thus, the adsorption complex plays a 

critical role in controlling soil solution B concentrations. 

Despite being categorized as less sensitive to boron (B) deficiency 

(Rerkasem and Jamjod, 1997) both rice and wheat crops suffer with this 

nutritional disorder in Pakistan (Chaudhry et al., 1977; Rashid et al., 2002, 2004) 

and else-where (Shorrocks, 1997; Rerkasem and Jamjod, 2004). Although B 

fertilization is a simple and cost- effective solution to the problem, practical 

constraints are prohibitive in its adoption by farmers cultivating low B soils 

(Anonymous, 1998). Therefore, B fertilizer use in cereals is in infancy, especially 

in developing countries. Consequently, these staple food crops for majority of the 

world population keep suffering yield losses when grown in low B soils. 

Rice (Oryza sativa) is one of the most important staple foods for more than 

half of the world’s population. It is one of the major farm commodities produced 

in Pakistan and more than half the output is exported. Basmati, known for its 

unique aroma, grain length and taste, is the world’s costliest rice. It is grown in 

certain areas of Pakistan and India. Symptoms of B deficiency on rice crop are 



 xix

white necrotic streaks on youngest leaf, which later on form a large white irregular 

patch (Tandon, 1995). 

Wheat is also a staple food for the people of Pakistan and is the cheapest 

source of protein calories. Along with other cereals, wheat has generally been 

considered to have a low requirement for B (Marten and Westermann, 1991). 

Boron deficiency in field grown wheat was first observed almost concurrently on 

different sides of the world following the spread of semi-dwarf, green revolution’ 

wheat in the 1960s. 

Keeping in view the above discussion, a research work was planned with 

the following objectives: 

1. To determine the B adsorption pattern on different textured 

calcareous soils. 

2. To assess soil solution B levels required for optimum crop growth. 

3. To assess internal and external B requirements of rice and wheat 

crops. 

4. To assess residual effect of B on wheat. 
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 CHAPTER 2 

REVIEW OF LITERATURE 

 
 The chemistry of B in soils is very simple when compared with other 

nutrient elements (Goldberg 1993). Boron does not undergo oxidation-reduction 

reactions or volatilization reactions in soils. Its acid (Boric acid) is a very weak, 

monobasic acid that acts as a Lewis acid by accepting a hydroxyl ion to form the 

borate anion. Boron containing minerals are either very insoluble (tourmaline) or 

very soluble (hydrated B minerals) and generally do not control the solubility of 

B in soil solution. The B concentration in the soil solution is generally controlled 

by B adsorption reactions; because the concentration & B soluble in water is also 

available for plant uptake. Plants respond only to the B activity in soil solution; 

B adsorbed by the soil surfaces is not perceived as toxic by plants (Keren et al., 

1985a, 1985b; Ryan et al., 1977). Factors affecting B availability and extent of B 

adsorption in soils are solution pH, soil texture, soil moisture, and temperature. 

2.1      Boron adsorption pattern on soils 

When B is released by minerals, or by organic matter during its 

mineralization, or when it is added to soil by fertilization, a large part of it 

remains in solution, while another part is adsorbed by soil particles (Gupta et 

al., 1985). Boron can be adsorbed by iron and aluminum oxides and their 

hydroxides or by several clay minerals (Keren & Gast, 1983; Goldberg & 

Glaubig, 1985). Bingham et al. (1971) found a positive correlation between the 

content of Al2O3 and the adsorption of B in four Mexican soils and six 

Hawaiian soils. The greater the amounts of amorphous oxides (extracted with 

ammonium oxalate), the greater the capability for B adsorption (Sims & 

Bingham, 1968a; Goldberg & Glaubig, 1985). Soil organic constituents also 

play an important role in soil B adsorption. Available B is found associated 
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mainly with organic matter and this explains the high available B contents in 

surface horizons (Evans & Sparks, 1983). Boron adsorption on soil is affected 

by many factors. 

2.2 Factors affecting B adsorption on soil 

2.2.1 Effect of pH on B adsorption 

 Boron adsorption is highly influenced by pH, increases as the pH increases, 

attaining a maximum in the alkaline range and diminishes abruptly at high pH 

(Keren & Gast, 1983; Goldberg & Glaubig, 1985). The maximum development of 

adsorption sites occurs at a pH equivalent to the pK of boric acid, approximately 

9.1 (Schalcha et al., 1973). The agricultural practice that is most often used to raise 

pH is liming. It is expected that after liming, there will be an increase in soil B 

adsorption, especially in soils that contain high amounts of iron and aluminum 

oxides. Hatcher et al. (1967) showed that the adsorption of B increased two to five 

times after liming in various acidic North American soils, accompanied by a pH 

increase. In a Brazilian medium-textured Oxisol (Cruz et al., 1987), lime 

application to increase the pH from 4.2 to 5.6 significantly increased (around 14%) 

the amount of adsorbed boron. 

2.2.2 Boron adsorption on oxide minerals 

 The adsorption behavior of B on Al and Fe oxide minerals (Sims and 

Bingham, 1968; McPhail et al., 1972; Choi and Chen, 1979; Goldberg and 

Glaubig, 1985) as well as on layer silicate clay minerals (Kingston, 1964; Sims 

and Bingham, 1967; Keren and Mezuman, 1981; Mattigod et al., 1985; Goldberg 

and Glaubig, 1986) has been investigated previously. Boron adsorption on both 

types of minerals exhibited strong pH dependence. Adsorption peaks for the oxide 

minerals occurred in the pH range 7 to 9 (Goldberg and Glaubig, 1985). For the 

clay minerals the range for the adsorption peaks was shifted upward to pH 8 to 10 

(Goldberg and Glaubig, 1986).  
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Boron adsorption on both crystalline and amorphous aluminum and iron 

oxides increased with increasing pH up to an adsorption maximum at pH 6 to 8 for 

aluminum oxides and pH 7 to 9 for iron oxide (Bloesch et al., 1987; Choi and 

Chen, 1979; Goldberg and Glaubig, 1985; McPhail et al., 1972; Metwally et al., 

1974; Scharrer et al., 1956; Sims and Bingham, 1968; Su and Suarez, 1995). 

Above the maximum, B adsorption decreased with increasing pH. Boron 

adsorption was greatest on freshly precipitated solids and decreased with aging 

due to increasing crystallinity (Hatcher et al., 1967; Sims and Bingham, 1968). 

Boron adsorption per gram was greater for aluminum than iron oxides (Goldberg 

and Glaubig, 1985; Scharrer et al., 1956; Sims and Bingham, 1968). This is likely 

due to the higher surface area of aluminum oxides, since adsorption per square 

meter was similar in magnitude for aluminum and iron oxides (Goldberg and 

Glaubig, 1985). Boron adsorption on oxide minerals occurred rapidly, being 

virtually complete after one day of reaction time (Choi and Chen, 1979; Scharrer 

et al., 1956). 

Mechanism of B adsorption on aluminum and iron oxide minerals is 

considered to be ligand exchange with reactive surface hydroxyl groups (Goldberg 

et al 1993b;  McPhail et al 1972). Ligand exchange with surface hydroxyl groups 

is a mechanism whereby anions become specifically adsorbed on mineral surfaces. 

This specific adsorption produces a shift in the point of zero charge (PZC) of the 

mineral to a more acid pH value. Boron adsorption occurs specifically since it 

produces a shift in PZC of aluminum and iron oxides (Alwitt, 1972; Beyrouty et 

al., 1984; Blesa et al., 1984; Fricke and Leonhardt, 1950; Goldberg et al., 1993b; 

Su and Suarez, 1995). Specifically adsorbed ions are held in inner-sphere surface 

complexes that contain no water between the adsorbing ion and the surface 

functional group. Kinetic experiments using pressure jump relaxation indicated 

that B adsorbs as an inner-sphere surface complex on aluminum oxide via ligand 

exchange of borate with surface hydroxyl groups (Toner and Sparks, 1995). 



 xxiii

Fourier transform infrared spectroscopic analyses have shown that B is adsorbed 

via ligand exchange as both B(OH)3  and B(OH)4 species on amorphous aluminum 

and iron oxide (Su and Suarez, 1995). 

2.2.3 Soil texture and B adsorption 

 Adsorbed B is dependent on soil texture, and increases with increasing clay 

content (Bhatnager et al., 1979; Elrashidi and O’Connor, 1982; Mezuman and 

Keren, 1981; Wild and Mazaheri, 1979). Boron adsorption maxima increased with 

increasing clay content (Biggar and Fireman, 1960; Goldberg and Glaubig, 1986a; 

Nicholaichuk et al., 1988; Singh, 1964). A highly significant correlation was 

found between soil content of the clay minerals kaolinite, montmorillonite, and 

chlorite and the B adsorption maximum. Hingston (1964), Keren et al (1981) and 

Scharrer et al (1956) showed that the rate of B adsorption on clay minerals 

consisted of a fast adsorption reaction and a slow fixation reaction. Short term 

experiments have shown that B adsorption reaches equilibrium in less than one 

day. Long term experiments indicated that fixation of B increased even after six 

months of reaction time (Harder, 1961; Jasmund and Lindner, 1973). Boron 

adsorption by clay minerals is considered to be a two step process. Initially, B 

adsorbs onto the particle edges, subsequently migrates, and incorporates 

structurally into tetrahedral sites replacing structural silicon and aluminum (Couch 

and Grim, 1968; Fleet, 1965; Harder, 1961). The mechanism of the B adsorption 

step is considered to be ligand exchange with surface hydroxyl groups on the clay 

particle edges (Couch and Grim, 1968; Goldberg et al., 1993b;Keren and 

Sparks,1994; Keren and Talpaz, 1984; Keren et al., 1994). 

2.2.4     Soil moisture & B adsorption 

Adsorbed B was independent of variations in soil moisture content from 50 

to 100 percent of field capacity in one study (Gupta 1968) and increased with 

decreasing soil water content in another (Mezuman and Keren, 1981).Wetting and 

drying cycles increased the amount of B fixation (Biggar and Fireman, 1960). The 
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effect of drying became more pronounced with increasing additions of B (Biggar 

and Fireman, 1960).  
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2.2.5 Soil temperature and B adsorption 

Boron adsorption increases with increasing soil temperature (Fleming 

1980). However, this may be due to an interactive effect of soil temperature with 

soil moisture since B deficiency is associated with dry summer conditions. Boron 

adsorption decreased as a function of temperature in the range of 10 – 40˚C on 

soils dominant in crystalline minerals (Biggar and Fireman, 1960; Goldberg et al., 

1993a). In contrast, B adsorption increased slightly as the temperature of an 

amorphous soil was increased from 10 to 40°C (Bingham et al., 1971). 

The effect of temperature on B adsorption by clays has been investigated 

(Couch and Grim, 1968; Goldberg et al., 1993a; Harder, 1961; Jasmund and 

Lindner, 1973; Singh, 1971).In these clays (crystalline clay minerals) for a very 

short reaction time of two hours, B adsorption in the pH range of 5.5 – 9.5 

decreased with increasing temperature (Goldberg et al., 1993a). Also in clays B 

adsorption for longer reaction times of twelve hours to sixty days increased with 

increasing temperature (Couch and Grim, 1968; Jasmund and Lindner, 1973; 

Singh, 1971). These results suggest that initial adsorption of B on crystalline clay 

minerals is exothermic while the subsequent B fixation reaction is endothermic. 

2.2.6    Boron adsorption and competing ions 

Competing ions such as silicate, sulfate, phosphate, and oxalate decreased 

the magnitude of B adsorption on oxides (Bloesch et al 1987; Choi & Chen, 1979). 

The effect of competing ions on B adsorption can be slight, in the case of sulfate, 

or substantial in the case of phosphate (Bloesch et al., 1987; Metwally et al., 

1974). The ability of competing anions to leach adsorbed B from oxides increased 

in the order: chloride < sulfate arsenate < phosphate (Metwally et al., 1974). 

Significant silicate adsorption produced only a slight decrease in B adsorption by 

aluminum oxide suggesting that some B sorption sites show B preference 

(Goldberg and Glaubig, 1988). 
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2.2.7 CaCO3 and B adsorption. 

 Application of lime increases B fixation by soils because it raises the soil 

solution pH (Elseewi ,1974, Elseewi and Elmalky 1979). In addition to its effect 

on soil pH, calcium carbonate also acts as an important B adsorbing surface in 

calcareous soils (Elseewi, 1974; Elseewi and Elmalky, 1979; Goldberg and 

Forster, 1991). Boron adsorption was greater on soils having higher calcium 

carbonate content (Elrashidi and O’Connor, 1982; Elseewi, 1974). Acid soluble B 

was highly significantly correlated with calcium carbonate content of soils 

(Elseewi and Elmalky, 1979). Retention of B on calcium carbonate occurs via an 

adsorption mechanism (Ichikuni and Kikuchi, 1972). The mechanism could be the 

exchange with carbonate groups. The magnitudes of the B adsorption maxima for 

soil samples treated to remove calcium carbonate were statistically significantly 

lower than those for untreated soil samples indicating that calcium carbonate acts 

as an important sink for B adsorption in calcareous soils (Goldberg and Forster, 

1991). Boron adsorption on reference calcites increased with increasing solution 

pH from 6 to 9, exhibited a maximum at pH 9.5, and decreased with increasing 

solution pH from 10 to 11 (Goldberg and Forster, 1991).  

Magnitude of B adsorption on clay minerals is affected by the 

exchangeable cations (Keren and Gast .1981, Keren and Mezuman ,1981 and 

Keren and  O’Connor ,1982). Calcium clays adsorbed more B than sodium and 

potassium clays (Keren and Gast, 1981; Keren and O’Connor, 1982; Mattigod et 

al., 1985). An explanation for this result is that calcium 2:1 clays occur as tactoids 

consisting of several clay particles while the sodium forms exist in solution as 

single particles (Keren and Gast, 1981). In tactoids, the diffuse double layer and 

negative electric field from the planar surfaces is less extensive, making the edge 

sites of calcium clays more accessible to adsorbing borate anions than those of 

sodium clays (Keren and Gast, 1981). An alternative explanation for increased B 
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adsorption in the presence of calcium is the formation and adsorption of the 

calcium borate ion pair (Mattigod et al., 1985). 

2.2.8 Humus and B adsorption 

 Humus extracted from a soil retained significant amounts of B and was 

considered to play an important role in B adsorption (Parks and White ,1952). Soil 

organic matter adsorbs more B than mineral soil constituents on a weight basis 

(Gu and Lowe, 1990; Yermiyaho et al., 1988)). Boron adsorption on a mineral soil 

increased with increasing additions of composted organic matter (Yermiyahu et 

al., 1995). The presence of organic material can also occlude B reactive adsorption 

sites on clays (Gu and Lowe, 1992) and soils (Harada and Tamai, 1968; Marzadori 

et al., 1991). Boron adsorption on an organic soil (Huettl, 1976; Lehto, 1995) and 

composted organic matter increased with increasing pH (Yermiyaho et al., 1988). 

Adsorption on a soil humic acid increased with increasing pH up to a maximum 

near pH 9, and decreased with increasing pH above 9 (Gu and Lowe, 1990, Figure 

10). Boron adsorption on composted organic matter occurred rapidly, reaching 

equilibrium after three hours and increased with increasing solution ionic strength 

(Yermiyaho et al., 1988). 

2.3 Methods of boron use 

 Boron can be used both by soil application as well as foliar feeding. Foliar 

applied B is believed to retain significant phloem mobility to flowering meristems 

from either senescing leaves and/or bark. Thus, foliar sprays of B provide not only 

a means to apply B at a particular growth stage, but it also permits a rapidly-acting 

remedial action soon after the deficiency diagnosis (Rashid et al. 2004). 

            Dunn and Jones (2001) reported an increase in rice yield of Kaybonnett 

variety when fertilized with B (soil or foliar) application (Table 1).   
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Table 1. Average rice yields for boron treatments ( Soil & Foliar 

application) in 1999 and 2000 for the rice variety Kaybonnett. 

Boron 

(lb/a) 
ApplicationType 

Average Rough Rice Yields 

(bu/a) 

1999 2000 Mean 

0 _ 146 144 145 

o.25 Soil 150 165 158 

0.5 Soil 151 189 170 

0.75 Soil 150 173 162 

1.0 Soil 147 185 166 

Average Soil 150 178 164 

0.25 Foliar 151 169 160 

0.5 Foliar 160 180 170 

0.75 Foliar 149 157 153 

1.0 Foliar 151 154 153 

Average Foliar 153 165 159 

 
All B applications increased rice yields over the untreated check . In 1999, 

the foliar applications produced higher yields than soil applied boron. The average 

for all four B treatments in an application type was also greater in the foliar 

application during the first year of project . In 2000, the soil application produced 

greater rice yield. The two year average, however, showed the soil applications 

produced greater yields for the same boron application rate. The 0.5lb B/a for both 

soil and foliar applications (170bu/a) showed the greatest increase compared to the 

untreated check (145bu/a).  
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2.3.1 Hot-water extractable boron 
 Soil tests for plant-available B have been developed principally to diagnose 

deficiency, not to determine toxicity. Historically, the most common method for 

estimating available soil B has been the hot water-soluble soil test of Berger and 

Truog (1940). The hot water-soluble procedure measures B capacity in that it 

extracts B from the organic, adsorbed, and soluble pools of the soil (Offiah and 

Axley, 1993). To evaluate soil conditions conducive to B toxicity effects in plants, 

the B concentration of the saturation extract is commonly measured. The B 

concentration of this test has been considered comparable to that of B in the soil 

solution (Bingham, 1973). This is rarely true, however, because the mass of B 

extracted in a saturation extract does not include the B adsorbed, the quantity of 

which depends on soil B and soil specific adsorption characteristics  (Offiah and 

Axley, 1993). 

 
2.3.2 Dilute Hydrochloric Acid Method 
 Though the hot-water  extraction method is quite popular for predicting B 

availability in alkaline soils, the procedure is tedious and prone to error (because 

of difficulty in maintaining uniform boiling time). In an effort of having a 

convenient substitute, researchers ( Kauser et al., 1990; Rashid et al., 1997) have 

found that the dilute HCl method of Ponnamperuma et al. (1981), originally 

designed for acid soils, is equally effective in diagnosing B deficiency in alkaline 

and calcareous soils. The HCl method is simple, economical and more efficient. 

2.4 Adsorption isotherm equation 

Sorption isotherm describes the relation between the amount of substance 

that is adsorbed by the solid phase of the soil and its equilibrium amount in soil 

solution. Sorption is one of the most important chemical processes in soil, which 

affects the fate and mobility of nutrients in the soil. Sorption studies are practical 

for some of the essential elements such as P, K, S, Cu, Zn, Mn, and B (Hunter, 

1980).However, these studies are conducted to determine whether any of the 
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applied plant nutrients will react, fix or make complex with the soil. In the 

systematic approach of evolving fertilizer optima for enhancing crop productivity, 

understanding the nutrient sorption characteristics of the soil of the experimental 

site is inevitable. This approach also envisages the safe level of any one of the 

nutrients in the soil because it should be adjusted in the available pool of the soil at 

a level in which it is neither deficient nor toxic to the crops (Hunter, 1980). It is 

observed, in general, that the adsorption of boron increases as the boron in balance 

is increased by added fertilizer. 

Empirical models provide descriptions of experimental adsorption data 

without a theoretical basis. Boron adsorption reactions on oxides, clay minerals, 

and soil materials have historically been described using adsorption isotherm 

equations (Choi and Chen, 1979; Elrashidi and O’Connor, 1982; Evans, 1987; 

Goldberg and Forster, 1991; Mondal et al., 1993; Nicholaichuk et al., 1988; Singh, 

1971). The most popular are the Langmuir and Freundlich adsorption isotherm 

equations but Temkin and Brunauer–Emmett–Teller (BET) adsorption isotherm 

equations have also been used (Mondal et al., 1993). 

2.4.1    The Langmuir adsorption isotherm equation 

The Langmuir adsorption isotherm equation was developed to describe gas 

adsorption onto clean solids, but has often been used to describe B adsorption by 

soil materials. The equation and its linear forms are provided elsewhere (e.g. 

Goldberg, 1993). Strictly, the Langmuir adsorption isotherm equation is obeyed 

only for a uniform adsorbent surface without lateral interactions, implying a 

constant free energy of adsorption (Brunauer et al., 1967). The Langmuir 

adsorption isotherm has been used to describe B adsorption on aluminum and iron 

oxide (McPhail et al., 1972), clay minerals (Gu and Lowe, 1992; Hingston, 1964; 

Singh, 1971) calcite (Goldberg and Forster, 1991), humic acids (Gu and Lowe, 

1990), and soils (Bhatnagar et al., 1979;Biggar and Fireman, 1960;Bingham et al., 

1971; Elrashidi and O’Connor, 1982; Evans, 1987; Hatcher and Bower, 1958; 
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Marzadori et al., 1991; Mondal et al., 1993; Nicholaichuk et al., 1988; Okazaki 

and Chao, 1968; Schalscha et al., 1973; Singh, 1971). For many studies, the 

Langmuir adsorption isotherm equation was able to describe B adsorption only 

under conditions of low solution B concentration (Bhatnagar et al., 1979; Biggar 

and Fireman, 1960; Elrashidi and O’Connor, 1982; Goldberg and Forster, 1991; 

Hingston, 1964; McPhail et al., 1972). 

2.4.2    The Freundlich adsorption isotherm equation 

The Freundlich adsorption isotherm equation has often been used to 

describe B adsorption by soil materials. The equation and its linear form are 

provided elsewhere (Goldberg, 1993). In the Freundlich adsorption isotherm 

equation, the affinity terms are distributed approximately log normally implying 

heterogeneity of B adsorbing sites (Sposito, 1984). The Freundlich adsorption 

isotherm equation is strictly valid only for adsorption data at low concentrations 

(Sposito, 1984), but has often been used to describe B adsorption by soils over the 

entire concentration range studied. The Freundlich adsorption isotherm has been 

used to describe B adsorption on aluminium oxide (Choi and Chen, 1979), clay 

minerals (Couch and Grim, 1968; Fleet, 1965; Jasmund and Lindner, 1973; Singh, 

1971), calcite (Goldberg and Forster, 1991), and soils (Bhatnagar et al., 1979; 

Elrashidi and O’Connor, 1982; Evans, 1987;Goldberg and Forster, 1991; Lehto, 

1995; Nikolaichuk et al., 1988). 

Harter and Smith (1981) investigated that although the adsorption isotherm 

equations are often excellent at describing B adsorption, they are simply numerical 

relationships used to describe data. Independent experimental evidence for 

adsorption must be present before any chemical meaning can be assigned to 

adsorption isotherm equation parameters (Veith and Sposito, 1977). The 

adherence of experimental sorption data to the Langmuir or Freundlich equations 

provides no information about the chemical mechanism of reaction (Sposito, 

1982). 
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Barrow (1978) observed that in linearising adsorption isotherm equations, 

all data points are not given equal weighting and the variances of some of the 

values are disproportionately increased during the transformation. Direct fitting of 

adsorption data using non-linear least squares methods avoids the difficulties of 

changes in error distributions and biased parameters associated with linear 

transformations (Kinniburgh, 1986). Nonlinear least squares fits of B adsorption 

data were much improved over linear transformations as measured by the 

coefficient of determination, R2 (Goldberg and Forster, 1991). 

2.5    Boron and rice growth 

 In rice, positive crop responses to B application were initially observed by 

Chaudhry et al. (1978) in cvs. Basmati-370 and IR-6, grown in major rice growing 

areas of the Punjab, with a mean paddy yield increase of 14%. Recently, paddy 

yield increases of 14-25% over control have been observed in cvs. Super Basmati, 

Basmati-385, and in KS-282 grown in Sindh province (Rashid et al 2004). Yield 

increases with B accrued because of reduced panicle sterility (on lower portion of 

the ear) and increased productive tillers per hill. Post-harvest grain shedding is 

also reduced with improved B nutrition. Also, B deficiency in rice causes an 

uneven crop maturity. Optimum B dose for effectice management of B deficiency 

in rice is 0.75 kg ha-1(Rashid et al 2004).  

On an average of 5 years (1998-2002) B application @1kg ha-1 produced 

the highest paddy yield of 4285 kg ha-1, which is significantly higher than 

NPK+Zn, NPK and control and at par with all other doses of B (Iqbal et al 2003). 

These paddy yield results are in agreement with those of Rashid et al. (2002), Ali 

et al. (1996), Rakshit et al. (2002), Tandon (1999) and PARC (2002). Contrary to 

the perception that B deficiency hampers grain set more than vegetative growth 

(Rerkasem and Jamjod, 1997), the mean yield reduction with B deficiency was 

slightly greater in straw (i.e.20%) than paddy (i.e.18%). 

2.5.1 Grain quality improvements of rice crop with boron use 
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Boron use in soil deficient situations not only enhances yield of crops but, 

in many instances, the quality of grains is improved. This implies that part from 

causing yield reductions; inadequate B supply to plants may also deteriorate the 

quality of the crop produce, and, hence, will lower the price of grain  produced in 

B deficient situations (Rashid et al 2004). 

A relevant local salient experience is an appreciable improvement in 

cooking quality of rice with fertilizer B use. In 3-year extensive rice field 

experiments (cvs. Super Basmati, Basmati-385, KS-282 and IR-6) carried out by 

the National Agricultural Research Centre in the rice belt of Punjab province (in 

collaboration with Punjab’s Agricultural Extension & Adaptive Research 

Department) as well as in Sindh province (in collaboration with Engro Chemical 

Pakistan Ltd.), B use not only enhanced paddy yields appreciably but also 

increased kernel milling recovery and head rice recovery as well as improved 

cooking quality traits, i.e., increased elongation upon cooking, reduced bursting 

upon cooking and reduced stickiness upon cooking. Improvement in cooking 

quality of rice, with better B nutrition of plants, is attributed to better grain filling 

and uniform crop maturity (Rashid et al. 2004). 

Increasing rice grain yield and grain Zinc (Zn) contents has become 

important measures to supply food and to improve human Zn nutrition to people 

whose staple food is rice grain. Effective fertilizer management such as B at late 

stage of rice growth may efficiently increase rice yield as well as grain Zn 

content(Ye ZQ et al. 2005). A field experiment was conducted to examine the 

effect of B spray on late growth of rice. Two contrasting types of rice cultivars, 

namely the hybrid (cv, Shanyou 63) and conventional (cv. Erjiufeng) rice were 

compared. The hybrid rice had longer growth life and higher yield potential than 

the conventional one. Boron was sprayed at heading stage. Senescence of flag leaf 

was greatly delayed by B spray, as was also reflected in significant increase of 

photosynthetic rate and grain filling rate, and decrease of respiration rates. The 
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effects of B spray on these plant growth parameters were much greater for hybrid 

than the conventional rice cultivar, although the length of grain filling period was 

not affected by B application in both cultivars. At maturity, the single grain weight 

and grain yield of Sanyou 63 were increased but not that of Erjiufeng. Moreover, 

Zn content in the polished rice was increased by B spray in both types of rice. In 

conclusion, B spray in combination with Zn and other nutrient management at the 

late stage of rice growth are recommended in field practice to increase grain yield 

and improve grain Zn content, especially to the rice cultivars with characters of 

high yield potential and longer  grain filling period.  

2.5.2 Economic benefits of rice crop and fertilizer boron use 

As fertilizer boron dosage for correcting the deficiency is very small (i.e., 

only 0.75kg B ha-1) and crop yield increases with B applications are appreciable, 

its use is highly cost-effective. Wheat yield increased by 13% over control with 

the application of one kg B ha-1 (Hussain & Yasin, 2004). Similarly 16% yield 

increase of paddy over control was observed with the same level of boron. Rashid 

et al. (2002) reported  an increase of 5 to 26% in rice yield with B application. Ali 

et al. (1996) reported a maximum increase in paddy grain yield due to B 

application which was 34.6 and 19% at 2.0kg B ha-1
, on Miranpur and Satgara 

soils, respectively. Hussain & Yasin, (2004) conducted field experiments to study 

the residual effect of Zn and B in rice-wheat system. Wheat grain yield ranged 

from 3.45 to 3.53 t ha-1. Highest yield was produced from 5kg Zn+2kg B ha-

1whereas, lowest yield was produced from control. Cumulative application of 

boron gave an increase of 10% over control; direct application gave an increase of 

9% over control. However, residual effect of B increased paddy by 4% over 

control. 
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2.5.3 Crop tolerance to B and concentration of NPK 

 A field experiment was conducted during 2004-05 in Pakistan to evaluate 

the effect of boron application (at 0, 1 and 2 kg B ha-1) on wheat (cv. Naseer 

2000)-rice (cv- IRRI). Boron application (1kg B ha-1) significantly affected the 

wheat grain yield that ranged from 2.70 to 3.49 t ha-1, recording the highest 

increase of 19.9% over the control .The number of tillers  m-2, spikes m-2, spike 

length, plant height and 1000-grain weight of wheat also differed significantly 

from the control for the same treatment. 

Paddy yield was also affected by B application, which ranged from 3.51 to 

6.11t ha-1.The highest yield was obtained from 2kg  B ha-1 when applied to both 

crops. The number of spikes m-2, number of spikes per plant, spike length, plant 

height and 1000-grain weight were affected significantly as compared to  control. 

The direct application of 1 and 2 kg B ha-1 resulted in an increase of 59.6 and 

62.1%; the cumulative application of 1 and 2 kg B ha-1 increased the paddy yield 

by 61.1 and 74.1%; while the residual application of 1 and 2 kg B ha-1 increased 

the yield by 36.8 and 48.8%, respectively, over the control. The boron 

concentration in leaves of wheat and rice was affected significantly by B 

application, which ranged from 10.37 to 14.91 and 3.52 to 5.81 mg kg-1, 

respectively. The boron concentration in soil was also affected significantly by B 

concentration in wheat and rice, which ranged from 0.18 to 0.51 and 0.17 to 0.61 

mg kg-1, respectively. The highest B concentration in leaf and soil was recorded 

for 2kg B ha-1 application, while the cumulative application of 2 kg ha-1 proved to 

be best for both crops (Rahmatullah et al. 2006).  

B deficiency symptoms of open spikelets in wheat were observed in 

specific cultivars and supposedly related to low boron soils and differential B 

requirement among cultivars (Furlani et al. 2003).This study was aimed to 

evaluate the response of four wheat cultivars, IAC 24, IAC 60, IAC 287 and IAC 

289, to increasing B concentrations in the nutrient solution. Furlani et al (2003) set 
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up the experiment  in randomized complete block design, with four replicates and 

five B concentrations (0.0, 0.05, 0.2, 0.8, and 2.0mg L-1), during 1997/98, in a 

greenhouse. Plants were grown to maturity and evaluated for plant height, spike 

number and length, open spikelet number, grains per spike, B, P, K, Ca and Mg 

leaf concentrations, and total nutrient contents. The visual symptoms of B 

deficiency consisted of open spikelets, distorted spikes without grains. IAC 60 and 

IAC 287 had higher B efficiency, with the highest grain yields in lower B 

concentrations. IAC 287 and IAC 24 were more tolerant to the highest B 

concentrations. IAC 24 required more B for grain production compared to the 

other cultivars. The critical leaf B concentration for deficiency was 25 mg kg-1 of 

dry matter tissue for all cultivars, and for toxicity was: 44    to 45 mg kg-1 for IAC 

60 and IAC 289; 228 and 318 mg kg-1 for IAC 24 and IAC 287 respectively. 

Except for the highest B level in the nutrient solution, the leaf P, K, Ca and Mg 

concentrations and whole plant contents were in an adequate range in the plants 

and did not vary among cultivars. 

The effects of boron on the yield, and concentrations and uptake of N, P 

and K by wheat in red and laterite soils of west Bengal, India, were studied during 

the winter seasons of 2000-01 and 2001-02 (Ghatak et al. 2006). The application 

of boron significantly increased plant height, number of effective tillers, panicle 

length, number of grains per panicle, test weight and grain and straw yields of 

wheat, but had no significant effects on N, P and K concentrations and uptake. The 

application of 15 and 20 kg borax ha-1 resulted in higher values of yield attributes 

and yield, and the increase in grain yield over the control ranged from 4.5 to 7.7%. 

The optimum rate of borax was 14.0 kg ha-1 in the first year and 10.4 kg ha-1 in the 

second year. Thus, 10 and 15 kg borax ha-1 may be beneficial for the increased 

production of wheat in this region. 

Field studies conducted in Turkey revealed that yield and yield attributes of 

six durum wheat (Triticum durum) genotypes namely: Kzltan-91, C-1252, 
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Selcuklu-97, Kunduru-1149,Yalmaz-98, and Cakmak-79,were affected by 

application of different levels of boron( B) (0, 1, 3, and 9 kg B ha-1 delivered as 

boric acid, H3BO3) in soils deficient in available B (0.19 mg B kg-1) and high in 

lime (CaCO3) content (20.7%) for two consecutive growing seasons, 2000-01 and 

2001-02(Soylu et al. 2004). Agronomic characteristics such as grain yields, spike 

sterility rates, number of grains per spike, number of spikelets per spike, number 

of spikes per m-2, grain weight per spike, 1000-grain weights, test weights and flag 

leaf B concentration were investigated. Grain yields in all genotypes were 

significantly increased by B application compared to the control. Application of 1 

and 3 kg B ha-1 increased the  average yield by 11 and 9% respectively, while 9 kg 

B ha-1 resulted in lower overall yield increase (7%). Genotypes studied have 

shown significant variations with respect to their responses to additional B. 

Kunduru-1149 and Cakmak-79 gave the highest grain yield (4080 and 4315 kg ha-

1, respectively) at 1kg B ha-1, whereas Kzltan-91 and Yalmaz-98 yielded best 

(4475 and 5010 kg ha-1, respectively) at 3 kg B ha-1. It is interesting to note that 

the other   two genotypes( C-1252 and Selcuklu-97) reached to the highest level of 

grain yield (4320 and 4360 kg ha-1, respectively) at the highest B level (9kg ha-1). 

Yield attributes also showed significant variations with respect to their responses 

to B application. Kzltan-91 and Kunduru-1149 appeared to have high sensitivity to 

B deficiency. On the other hand, Cakmak-79 and Selcuklu-97 were B deficiency- 

tolerant genotypes. The studies clearly showed that B deficiency could result in 

significant yield losses in durum wheat under experimental conditions tested. 

Hence, B contents of soils for the cultivation of durum wheat should be analyzed 

in advance to devoid  yield losses. Plant tissue analyses can also result in grain 

yield predictions. Genotypes proven as tolerant/sensitive to high/low B levels may 

offer valuable genetic materials for use in B –related breeding programmes. Clear 

positive contributions of B application to grain yield in durum wheat can be more 

evident under better climatic conditions.  
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2.5.4 Residual effect of soil applied boron      

 In their rice-wheat system B nutrition research carried out by Rashid et al 

(unpublished data) , fertilizer B applied to rice crop (@ 1.00 kg B ha-1) not only 

enhanced paddy yield by 49% over control but also increased the grain yield of the 

succeeding wheat crop by 22% over control. It is important to note that soil 

application of fertilizer B leaves a beneficial residual effect on succeeding crop(s) 

in the same field. The first crop removes only a small fraction of the applied B 

dose. Most field crops remove less than 100 g B ha-1 and only crops like Lucerne 

and cotton remove more than 300 g B ha-1. On the top of all this, fertilizer B use 

not only enhances crop yields but also improves use efficiency of other farm 

inputs, including N, P and K fertilizers. Thus, B use brings substantial indirect 

economic benefits as well (Rashid et al., unpublished data).  

Actual length and magnitude of residual effect of soil applied B will depend 

on many soil factors, notably the ones influencing its adsorption/desorption and 

leaching (Shorrocks, 1997). For example, B adsorption by fine-textured soils can 

result in a significant carry over effect and B applied to coarse textured soils may 

get leached under excessive moisture regime. Therefore, the prediction of actual 

length of residual effect is difficult, except after having local experimentation in 

various soil types and cropping systems.    

2.6 Fertilizer boron and wheat crop 
2.6.1 Incidences of boron deficiency in wheat 

Among  micronutrients, the deficiency of B is  most frequently encountered 

in  field (Gupta,1979). However, along with other cereals, wheat (Triticum 

aestivum L.) has generally been considered to have a low requirement for B 

(Marten and Westermann, 1991). Lack of reports of B deficiency in wheat and 

other small grains from areas such as  USA where, B deficiency is widespread in 

other crop species (Lamb, 1967) further reinforces the perception of wheat being 

relatively free of B deficiency. Boron deficiency in field grown wheat crop was 

first observed almost concurrently at different places in the world following the 
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spread   of semi-dwarf, ‘green revolution’ wheat in the 1960s. Shorrocks (1997) 

noted that countries where B deficiency, based on responses to B application, in 

wheat has been reported included Bangladesh, Brazil, Bulgaria, China, Finland, 

India, Madagascar, Nepal, Pakistan, South Africa, Sweden, Tanzania, Thailand, 

USA, USSR, Yugoslavia, Zambia. Reports of B deficiency in wheat have also 

been reported from India (Singh et al., 1976; Ganguly, 1979; Sarkar and 

Chakraborty, 1980; Mandaland Das, 1988; Dwivedi et al., 1990). 

2.6.2 Wheat sterility  

Wheat sterility (the term commonly associated with depressed percentage 

of florets with grain) as a result of B deficiency, low temperature stress during 

reproductive development (Subedi,1992),  waterlogging at flowering, low soil 

nitrogen and hot dry wind (Misra et al., 1992) has been reported from many parts 

of Nepal. Wheat sterility is a widespread problem in rice-wheat farming systems 

of Asian countries, such as Bangladesh, Thailand, Nepal, China and India, that has 

lead  to significant losses of grain yield (Rerkasem, 1996a). Many factors may 

contribute to the formation of sterile florets of wheat, including B deficiency 

(Rerkasem, 1996a, b), water deficit (Saini and Aspinall, 1981), high temperature 

or heat stress (Saini and Aspinall, 1982), and low temperature (chill/frost) (Huang 

et al., 1996; Subedi et al., 1998). In many cases, B deficiency is at least partially 

responsible for the induction of floret sterility and low grain set and its impact may 

be exacerbated by environmental factors (Rawson, 1996a; Rerkasem, 1996a). In 

wheat, B deficiency causes poor anther and pollen development and low grain set 

(Cheng and Rerkasem, 1993). In vitro germination tests also showed that B was 

required for pollen germination and tube growth in wheat (Cheng and Rerkasem, 

1993). 

The wheat (Subedi et al., 1997; Pant et al.,1998), and barley (Ambak and 

Tadano, 1991; Jamjod and Rerkasem, 1999) plants with male sterility and grain set 

failure due to B deficiency may at the same time actually have more tillers and 
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greater weight of the straw. This seems to agree with a lower requirement for B for 

vegetative than reproductive growth. In addition to the greater functional 

requirement of B in the anthers and carpel, sensitivity to B deficiency of 

reproductive development in wheat and  other Triticeae cereals, may also be 

related to B supply to these organs during critical times. 

 2.6.3 Wheat in comparison to other species 

The above reviewed cases of B deficiency in wheat in south Asia reviewed 

above were generally reported from areas growing rice–wheat, the region’s most 

common cropping system. It is important to note that B deficiency has rarely been 

observed in the associated rice crop. One of the earliest reports of B deficiency in 

wheat was made on rice–wheat and soybean–wheat cropping systems, in which 

neither rice nor soybean were deficient (da Silva and de Andrade, 1983). The 

wheat crop in a rice– wheat cropping system had grain set failure and yield losses 

of 30–70% over three consecutive years (Rerkasem and Loneragan, 1994). At this 

site no adverse effect of B deficiency was ever observed in the rice crops in 

between the wheat seasons. 

This difference between wheat and other crops may be based on relative 

tolerance of the species to low B . It may also reflect seasonal effects of plant 

response to soil B, since wheat in the subtropics is grown in the coolest months 

that are normally  avoided for rice, soybean, maize and mungbean. In non-alkaline 

soils wheat grain set and grain yield were depressed by the same level of B (hot 

water soluble) (HWS)  that affected black gram, peanut (Arachis hypogaea L.) and 

sunflower (Bell, 1997).On the other hand this level of soil B, <0.12 mg HWS B 

kg-1, had no adverse effect on rice, soybean, mungbean (Bell et al., 1990), maize 

and sorghum (Rerkasem, unpublished). However, the other Triticeae cereals, 

including barley, have shown responses to low soil B at about the same level as 

wheat (Jamjod and Rerkasem, 1999; Rerkasem and Jamjod, 2001). 
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A greater requirement of B for reproductive than vegetative growth has also 

been shown in canola and sunflower (Asad et al., 2002). In these species, however, 

B deficiency depressed dry weight of vegetative parts along with  flowers. 

Similarly in maize (Zea mays L.), adverse effects of B deficiency on vegetative 

growth were observed along with those on the pollen and anthers (Agarwala et al., 

1981). Wheat, however, is different than maize in terms of male sterility and the 

associated grain set failure( the only observable effect of B deficiency).These 

species offer a unique model through which the effect of B deficiency on the 

primary sexual process may be studied without the confounding effects on other 

organs and processes. 

2.6.4 Variation in plants response to B deficiency due to environment 

Waterlogging (Pintasen et al.,1997)  and drought (Pant et al .,1998) have 

both been shown to accentuate B deficiency in wheat. Researchers in Bangladesh 

have induced ‘‘sterility’’ by shading, waterlogging or fogging (decreasing water 

vapor deficit), but the symptoms appeared to be very different from those 

observed in farmers’ fields (Saifuzzaman and Meisner, 1996). No evidence was 

presented to show if these treatments had caused ‘‘sterility’’ by inducing B 

deficiency. An experiment in controlled environment showed that the effect of B 

deficiency in wheat was amplified by low light intensity but not high humidity 

(Rawson and Noppakoonwong, 1996). Efforts have been made to explain(by 

climatic differences) why B deficiency is more prevalent in the tropics and 

subtropics and not in temperate regions (Rawson, 1996a,b). However, B efficiency 

of the local germplasm (see below) could feature prominently in the occurrence of 

B deficiency in any geographical region. Many observations indicating an 

involvement of B in frost resistance have been reviewed, but it is still unclear if 

these are simply the effect of B deficiency being accentuated by low temperature 

stress (Shorrocks, 1997). On the other hand, the wheat sterility problem that 
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occurs regularly at high altitudes in Nepal has not responded to B application 

(Sthapit, 1988; Subedi, 1992). 

2.6.5 Identification and verification of boron deficiency  

 Available soil B levels associated with B deficiency in wheat ranged from 

about 0.1 mg HWS B kg-1 in Thailand (Rerkasem and Loneragan, 1994) to 0.3–0.4 

mg HWS B kg-1 in China (Li et al., 1978). As in other crops, the critical level of 

available soil B is likely to be highly variable. It is influenced by soil 

characteristics such as pH, moisture and texture, above ground conditions of light, 

humidity and temperature (Shorrocks, 1997) and is also highly dependent of 

genotypes (see below). Incidences of B deficiency in wheat in Bangladesh have 

been reported to be completely unrelated to the level of HWS B in the soil (Kataki 

et al., 2002). Wheat has been found to respond to B in areas dominated by soils 

with toxic levels of B such as Pakistan (Rashid et al., 2002). Response to B has 

been observed in durum wheat in Turkey (Topal et al., 2002), where pockets of 

low B soils have also been found amongst toxicity levels B (Gezgin et al., 2002). 

 The critical B concentration for early vegetative growth in wheat is reported 

to be about 1mg B kg-1 DW (Asad et al., 2001). In contrast grain set failure in 

wheat has been found associated with less than 2–4 mg B kg-1 DW in the ear 

(Rerkasem and Lordkaew, 1992) and 3–7 mg B kg-1 in the flag leaf at boot stage 

(Rerkasem and Loneragan, 1994). At these concentrations, the flag leaf and ear 

themselves appeared normal. The leaf and ear B concentration are all somewhat 

imprecise for diagnosis for B deficiency in wheat, for two reasons.(1)The 

reproductive organs that are sensitive to B deficiency, the anthers and carpel, 

account for only 10% of B content of the whole ear and 4% of its dry weight at 

anthesis (Rerkasem, 1996). (2) The critical B deficiency concentration for the 

carpel and anthers are 8–10 times the values for these vegetative and secondary 

reproductive tissues such as the lemma, palea and rachis (Rerkasem et al., 1997). 

Although the ear and flag leaf B concentration may not always accurately predict 
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B deficiency, they are nevertheless useful as indicators of the lower limit of B 

sufficiency. For example, wheat plants with >4 mg B kg_1 in the ear (Rerkasem 

and Lordkaew, 1992) or >7mg B kg_1 in the flag leaf at boot stage are unlikely to 

be affected by B deficiency (Rerkasem and Loneragan, 1994). 

Diagnosis for B deficiency with tissue analysis may be made with the most 

precision by analyzing for B in the anthers. However, sampling for anthers is 

logistically impossible for use in farmers’ fields. It is extremely time consuming, 

particularly with the amount of B and thus sample size needed for analysis by the 

colorimetric method with Azomethine-H (Loshe ,1982). The final verification of B 

deficiency is plant response to applied B. For example, after an observation of 

massive sterility in wheat in Bangladesh in 1986/1987, widespread B deficiency 

was verified by the average 14% on-farm yield increase by B application in 

1987/1988 and 10% in 1988/1989 (D.A. Saunders, pers. comm.). Although not as 

effective as B applied to the soil, foliar B may increase grain set significantly and 

can be quite sufficient for the purpose of confirming B deficiency. A source of 

error in B response trials is ‘‘contamination’’ in other fertilizers. Large amounts of 

B have been found in common N, P and K fertilizers in many countries in Asia 

(Bell et al., 1990; Lordkaew, 1995) and could sometimes be responsible for the 

lack of response in B fertilizer trials. B contamination should be suspected 

particularly in those trials on low B soils in which any sign or symptom of B 

deficiency was no longer evident in the nil B treatment. 

2.6.6 Adaptation to B deficient soils 

The ability of a genotype to grow and yield well in soils too deficient in a 

particular nutrient for a standard genotype has been defined as ‘nutrient 

efficiency’, without inferring any mechanism (Graham ,1984). This simple 

definition enables performances of genotypes to be compared experimentally even 

thogh when the mechanism behind their differences is still not clear. Extending 

Graham’s definition, and still without inferring a mechanism, Rerkasem and 
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Jamjod (1997b) defined B efficiency as the ability of a genotype to perform well 

in soils too deficient in B for other genotypes. Germplasm of rape oilseed  has 

been successfully  evaluated for B efficiency based on their performance in low B 

relative to sufficient B (Xue et al., 1998; Stangoulis et al., 2000). However, the 

wheat varieties that were reported to have differential B uptake as the mechanism 

for their B efficiency (Bellaloui and Brown, 1998) had actually not been proved to 

differ by this definition of B efficiency. Reports of B deficiency in wheat, from 

Brazil (da Silva and de Andrade, 1983), China (Li et al., 1978), to India (Ganguly, 

1979), Nepal (Subedi et al., 1997) and Thailand (Rerkasem et al., 1989), have 

invariably noted large genotypic variations in the response to B. Variation in B 

efficiency in wheat is probably the widest possible of any species in response to a 

deficiency in any nutrient element. Wheat genotypes growing in the same low B 

condition may range from the most inefficient that set no grain at all to the most 

efficient that set grain normally (Rerkasem and Jamjod, 1997a; Rerkasem et al., 

2004). 

The ability to recycle B from old tissues is a mechanism that enables some 

plant species to escape deficiency when external supply is low. Unique among the 

essential plant nutrients, B is freely mobile in the phloem of some species while 

having restricted mobility in other species (Brown and Shelp ,1997). Some have 

suggested that certain wheat genotypes may be more tolerant to B deficiency than 

others because they are able to meet reproductive demand by their ability to 

recycle B into growing ears (Rawson, 1996c; Subedi et al., 1999; Huang et al., 

2001). 

Nepal and Bangladesh, along with other developing countries, are 

dependent on CIMMYT (International Maize and Wheat Improvement Centre) for 

their new improved wheat cultivars. It is not surprising that wheat varieties and 

advanced breeding lines evaluated in Nepal (Subedi et al.,1997)  and Bangladesh 

(Ahmad et al .,2002)   are mostly B inefficient. We propose that B efficiency 
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should be incorporated as an essential trait of improved wheat varieties intended to 

serve such areas. Some B efficient advanced breeding lines are already present in 

the CIMMYT international germplasm. The frequency of B efficiency in the 

germplasm may be increased by simply screening in low B, i.e. for GSI 

approaching that of the most B efficient standards such as Fang 60 or Sonora 64. 

The relatively simple genetics of B efficiency should also make it highly feasible 

to incorporate B efficiency as one of the primary breeding objectives. However, 

Fang 60 has been shown to accumulate more B and be more prone to toxicity than 

B toxicity tolerant genotypes such as Bonza and Turkey 1473 (Punchana, 2003). 

This possible linkage between B efficiency and susceptibility to B toxicity will 

have to be addressed, particularly in the wheat Germplasm intended for those 

locations where the risk for B deficiency and toxicity occur in the same area. 

An important aspect within a species is the narrow adequate range usually 

found between critical levels for B deficiency and B toxicity, and that adequate 

range is not the same for different species and cultivars. Therefore, the evaluation 

of genotypes for their critical B levels is relevant for crop production. Another 

aspect is the difficulty to compare literature data, as B concentrations are reported 

for different plant parts (leaf, shoot or whole plant B content) and/or for different 

plant ages. For wheat, higher functional B requirement for reproductive 

development than that for vegetative growth is indicated in tissue B concentrations 

in deficient plants. Male sterility and grain set failure have been associated with 7-

8 mg B kg-1DM in the anthers and 5-6 mg B kg-1 DM in the carpel, while no 

evidence of B deficiency has been seen in wheat leaves containing 4 mg B kg-1DM 

or in the spike vegetative parts (straw) with 2 mg B kg-1DM Rerkasem and Jamjod 

(1997). 

There is a general concept that wheat species would be more efficient in the 

uptake and use of B in comparison to other species, and more tolerant to low B 

soil concentration. However, this concept needs to be reevaluated, since B 
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efficiency or tolerance of wheat species depend strongly on the considered 

cultivars. Some wheat genotypes are more inefficient and susceptible to low B 

than many dicotyledones (Rerkasem and Jamjod 1997b). Reports demonstrating 

differences among wheat cultivars in relation to B uptake and use efficiency under 

low-B soil conditions, have been found in papers from China, India, Nepal, 

Thailand (Rerkasem & Jamjod, 1997a, b) and Brazil (Silva et al., 1980; Silva & 

Andrade, 1983; Freitas et al., 1995; 1996). These countries have large areas of 

low-B soils. 

Rerkasem & Jamjod (1997a) observed large variability among wheat 

genotypes that were screened in low B concentrations in soil and sand 

experiments. Wheat genotypes were classified into five groups, namely, very 

sensitive, sensitive, moderately sensitive, moderately tolerant and tolerant. At very 

low B levels, the two most sensitive groups of genotypes were completely male 

sterile and set only a few or no grains, while the tolerant group set grains 

normally. Natural out crossing was detected in these male sterile plants when a 

tolerant genotype was growing nearby. Grain set by cross fertilization was 

markedly enhanced by a B application directly on the spike of the male sterile 

plants. Three practical implications were suggested:(1)tolerant genotypes to low B 

may provide a solution for grain set failure caused by B deficiency;(2) the 

potential for outcrossing in male sterile B deficient wheat has to be considered in 

the maintenance of pure lines in low-B soils even though wheat is normally self 

pollinated; and(3) a simple method for hybridization can be used, in which B 

deficiency is the fertility selective medium and male sterile female parents and 

fertile male parents are provided by genotypic variation in the response to low B 

(Rerkasem & Jamjod, 1997a; b). 

 
2.7 Boron toxicity 
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Soil is generally the primary source of trace elements for plants. However, 

there are exceptions in which toxic concentrations of trace elements in plants, e.g. 

B, can be traced directly to water from certain wells, or indirectly to land 

application of drainage water, and in soils with high B availability (Kubata, 1980). 

However, the adsorbed and solution phases of B in the soil influence potential B 

toxicity effects observed in the field (Cartwright et al., 1984)  and sometimes lead 

to decreases in crop yields grown in different regions of the world (Cartwright et 

al., 1986). There are few B rich soils compared to B deficient soils. Areas where 

high soil B are found include dry lands of South Australia (Cartwright et al., 

1984), the Middle East (Ravikovitch et al., 1961), the west coast of Malaysia 

(Shorrocks, 1964), valleys along the southern coast of Peru, the Andes foothills in 

northern Chile, solonchaks and solonetz soils of USSR (Zyrin and Zborishchuk, 

1975), ferralsols of India (Takkar, 1982), rendzinas in Israel (Ravikovitch et al., 

1961), and major B2O2
-7  deposits at Searles, Lake California (Chesworth, 1991). 

The highest concentrations of soil B are often concentrated in marine evaporites 

and in marine argillaceous sediments (Erd, 1980). 

2.7.1 Activities contributing to boron laden soils 

2.7.1.1 Irrigation water 
Of all the potential sources, irrigation water is the most important 

contributor to high levels of soil B (Chauhan and Power, 1978). Boron is often 

found in high concentrations in association with saline soils and saline well water 

(Dhankhar and Dahiya, 1980). In assessing the potential toxicity of B laden 

irrigation water, the physical and chemical characteristics of the soil must be 

considered (Goldberg, 1993). Sorption capacity of a given soil is crucial in 

determining the amount of B in solution. A soil that has high adsorption capacity 

would be expected to maintain lower soil solution B over a longer period of time 

than a soil with low adsorption capacity when both soils are irrigated with the 

same B laden water. 



 xlviii

  Soil adsorption sites may act as a pool from which Bis supplied to solution 

or where B is adsorbed, depending on the changes in solution B concentrations 

and the affinity of soil for B. Thus, adsorbed B may buffer B concentration in soil 

solution (Keren and Bingham, 1985). The complex B sorption characteristics of a 

soil explain frequent observations that plant injury occurs more quickly on coarse 

textured soils than on fine textured soils when B laden water is used for irrigation. 

As the key to the assessment of B toxicity is the plant response to B in soil, it is 

the B concentration of the soil solution under field conditions that must be 

evaluated in relating soil B to plant response (Ryan et al., 1977).Moreover, water 

with high B levels can be used to irrigate B sensitive crops on soils that show a 

high affinity for B adsorption because large amounts of B in irrigation water will 

be adsorbed by the soil. Referring to Keren and Bingham (1985), safe 

concentrations of B in irrigation water range from 0.3 mg B L-1 for sensitive plants 

[i.e. avocado (Persea americana), apple (Malus domestica) and bean (Phaseolus 

vulgaris)], 1– 2mg B L-1 for semi tolerant plants [oat (Avena sativa), maize (Zea 

mays), potato (Solanum tuberosum)], and 2–4 mg B L-1 for tolerant plants [i.e. 

carrot (Daucus carota), alfalfa (Medicago sativum) and sugar beet (Beta 

vulgaris)]. Eventually, continued irrigation with B laden water will exceed the 

adsorption capacity of the soil and cause a possible reduction in crop yield (Jame 

et al., 1982). The level of B in solution that can be tolerated by the crop is the key 

information in determining criteria for allowable B concentration in irrigation 

water. The B concentration determined in a soil saturation extract (Bingham, 

1973) is still used for defining B guidelines for plants exposed to B  

2.7.1.2  Surface mining 
Surface mining often produces waste carbonaceous materials that can be a 

B source. Carbonaceous shales,coal lenses, leonardite, and coal stack are 

dominated by inert organic matter that often contains high B (Barth et al., 

1987).Oxidation of these materials through mining processes can result in gradual 

release of substantial quantities of water soluble B. Total B concentrations are 
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reported to be as high as 96mg kg-1 soil in top soil of western cool regions 

(Severson and Tidball, 1979), while hot water soluble B concentrations are as high 

as 26 mg L-1 in western mine soil spoil (Severson and Gough, 1983). Proposed 

maximum permissible levels of hot water soluble B is 8 mg kg-1 in mine soils in 

Montana, USA (Severson and Gough, 1983). Levels greater than 5 mg kg-1 may be 

considered toxic for plants (Ponnamperuma et al., 1979). 

2.7.1.3  Fly ash 
Fly ash is generated by electric power plants in increasing quantities 

because of increased use of coal for electricity production. Its use as an ameliorant 

on agricultural land to improve physical and chemical properties as well as its 

potential toxic effects have been studied (Carlson and Adriano, 1993). 

Contamination of land by residues of fossil fuel combustion (i.e. fly ash) can lead 

to high soil B concentrations (Adriano, 1986), especially if the B in fly ash is 

soluble and applied at a high rate to increase soil pH, i.e. 5–10% by weight. In one 

field study, fly ash was applied at a dry wt rate of 10%on a typical site in northern 

Britain with dry bulk density of 1.66 g cm-3 and a pH of 3.5. The concentrations of 

B in fly ash is of concern because large fractions of B in fly ash may be readily 

available to plants and may prevent the establishment of vegetation on soils 

containing fly ash (Elseewi et al., 1980b) especially in the first growing season 

(Wong et al., 1996). Any general conclusions, however, have to be made with 

caution due to the enormous variability in fly ash chemical composition and 

differences in the physicochemical properties of amended soils (Eary et al., 1990). 

Boron concentrations of 700 mg kg-1are often reported (James et al., 1982). The 

predominant forms of B in fly ash are probably soluble borates and less soluble 

borosilicates (James et al., 1982). Alkaline conditions decrease B solubility in fly 

ash, while neutral and acid reactions promote its solubility and release into 

solution (Elseewi et al., 1980a). 

2.7.1.4  Industrial application 
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 Boric acid and borate minerals are widely utilized in a number of industrial 

applications such as glass and porcelain manufacture, leather production, carpets, 

photographic chemicals, and fertilizers. The main application of B is, however, the 

use of sodium perborate as an oxidation bleaching agent in domestic and industrial 

cleaning products. The discharge of sodium perborate into the environment during 

production and end use of detergents has resulted in the accumulation of B in 

waste effluent and consequently in groundwater and natural aquatic systems 

(Vengosh et al., 1994). 

2.7.2  Amelioration of boron laden soils 
2.7.2.1  Leaching 

When the amount of B added to the soil in irrigation water is greater than 

the amount of B removed by plant uptake and leaching, there will be a build up of 

B in the root zone (Ayars et al., 1994). Before soils containing high levels of B can 

be successfully used for agriculture, either their soluble B contents must be 

reduced to non-phytotoxic levels for the proposed crop or a tolerant genotype 

used. A commonly used method of reclaiming high B soils is to extensively leach 

with water (Prather, 1977). Applying water in excess of a plants water requirement 

is generally referred to as the leaching raction (Hoffman, 1990). For efficient and 

continued crop production, the leaching fraction must be high enough to remove 

excess B but low enough to prevent loss of essential plant nutrients from the soil, 

especially from sandy acidic soils. The quantity of water necessary to leach B to a 

particular depth varies widely. If a low leaching fraction is used, the resultant soil 

B concentration near the soil surface will be close to those of the irrigation water 

and those near the bottom of the root zone will presumably be much higher. Much 

depends upon the original soil B concentration, the desired final B concentration, 

and the physical and chemical characteristics of the soil. Applying excessive water 

to leach B under field conditions is an old practice that is still suggested for 

reclaiming high B soils to satisfactory levels (Shennan et al., 1995; U.S. Salinity 

Lab. Staff, 1954). Recent field studies with irrigation water high in B have 
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concluded that longer intervals of good quality water and/or intermittent ponding 

are necessary to remove B from the root zone (Ayars et al., 1994; Shennan et al., 

1995). If an attempt is made to reduce the B level in the soil solution by leaching 

with low B water, a portion of the absorbed B will go into solution. Therefore, it is 

expected that the rate of removal by leaching will be much slower for B than for 

other non-absorbed elements in the soil. In this regard, studies on the kinetics of B 

release would be valuable in elucidating mechanisms for B desorption from soil 

surfaces. It is important to note that native soil B may be less soluble and more 

difficult to leach than B accumulated from previous irrigations (Peryea et al., 

1985). However, the reduction in soluble B following leaching may not be 

permanent. Boron can be regenerated through the mineralisation of B from the soil 

organic matter, or through weathering processes of soil minerals (Peryea et al., 

1985). The ability of the soil to regenerate B diminishes with each leaching, 

indicating a finite concentration of reclaimable B. 

2.7.2.2  Soil amendments 
Besides leaching with water, amendments have been used to detoxify B 

laden soils. As B adsorption by soils is pH dependent (Keren and Bingham, 1985), 

liming some soils to increase the pH and thus promote adsorption of B from soil 

solution may provide a short term solution (Bartlett and Picarelli, 1973). In sodic 

soils, the B hazard can be ameliorated by the addition of gypsum, which improves 

water infiltration and converts readily soluble Na-metaborate to less soluble Ca-

metaborate (Bhumbla and Ckhabra, 1982). Heavy applications of Ca(H2PO4)2 

also lower plant available B, especially in acid soils. Prather (1977) reported that 

sulphuric acid may effectively aid in reclaiming B laden soils. Although 

decreasing soil pH by the addition of sulphuric acid increases the concentration of 

water soluble B in the soils, readsorption of B occurs with time. 

The placement of soil containing low concentrations of B with materials 

containing excessive B, such as carbonaceous spoil, may limit both upward and 

downward migration of B. Such placement depends upon the use of the site, depth 
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of water penetration, patterns of ground water movement, topography, physical, 

and chemical traits of surrounding soil, and organic materials. Cover depths with 

soil low in B for material containing soluble and mobile B have yet to be 

established with any precision. Some field research has indicated that 50–70 cm of 

soil over most spoil types is probably adequate (Barth et al., 1987). Unpublished 

results by Ajwa and Ba˜nuelos have provided some insight with the planting of B 

tolerant plant species, e.g. saltbush (Atriplex), and covering high B containing soil 

(> 400 mg B kg-1 soil) with 47 cm of soil containing low B. They observed that B 

migrates towards the soil surface with water evaporation. Overburden only 

delayed B toxicity symptoms from appearing in the planted saltbush. 

Under some circumstances it may be possible to alleviate B toxicity in 

plants by applying Zn to soils or as a foliar spray to affected plants. Graham et al. 

(1986) showed in controlled solution culture experiments with barley (Hordeum 

vulgare) and orange (Citrus aurantium), respectively, under conditions of Zn 

deficiency, excess B can be accumulated by plants and B toxicity develop, even 

though the levels of B in the medium do not result in B toxicity when ample Zn is 

supplied. To what extent this interaction occurs under field conditions remains to 

be shown. But as soils with low Zn and high B are encountered in some alkaline 

soils of semiarid regions, the possibility that B toxicity results from underlying Zn 

deficiency should be borne in mind. 

2.7.2.3  Vegetation management 
The planting of B tolerant species may be a means to revegetate soils 

containing elevated levels of soluble B and manage the movement of soluble B by 

plant uptake. However, limited information exists on how to utilise the ability of 

plants to take up and accumulate B as part of the revegetation strategy. Using both 

vegetation and water management as critical components for managing soil B has 

been suggested as an alternative to physically taking high B soils out of crop 

production (Ba˜nuelos et al., 1993b). In a multiple year field study, Ba˜nuelos et 

al. (1995) revegetated high B soil in central California and maintained the level of 
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soluble soil B to a non-toxic level for the planted species. Some potential plant 

species that can be grown on high B soils are: saltbush (Watson et al., 1994), 

milkvetch (Astragalus) (Parker et al., 1991), barley (Nable, 1990a), wheat (Paull et 

al., 1988a), Indian mustard (Brassica juncea) (Ba˜nuelos et al., 1993a), tall fescue 

(Festuca arundinacea) (Ba˜nuelos et al., 1995), and some tree species (El-

Motaium et al., 1994). Recent advances in genetic engineering are increasing the 

potential for breeding B tolerant plant species. Until more information is available, 

however, selection of B tolerant species will be dominated by trial and error 

experimentation. An alternative approach may be to identify plants naturally 

occurring in soils high in B and utilise these for managing other high B soils. 
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CHAPTER 3 

MATERIALS AND METHODS 

 

This project included both laboratory research and field experiments. The 

laboratory research was conducted to assess the boron adsorption capacity of 

different textured calcareous soils of Pakistan at  the Institute of Soil and 

Environmental Sciences, University of Agriculture, Faisalabad . The field 

experiments were conducted in rice tract of Pakistan to estimate the boron 

requirement of rice and wheat crops by using the adsorption isotherm technique. 

For both laboratory and field experiments composite soil samples were collected 

from the selected sites at 0-20 cm depth. These were air dried, passed through a 2 

mm sieve and analyzed to determine their physical and chemical characteristics 

and adsorption isotherms in the laboratory.  

3.1 Physical and chemical analysis of the soils 

3.1.1  Preparation of saturated soil paste 

Paste of 250 g of soil was prepared by adding distilled water (Richards, 

1954; method 2, P 84). 

3.1.2  pH of saturated soil paste  

pH meter was used to measure the pH of saturated soil paste using glass 

and calomel electrodes that were calibrated using buffer solutions of pH 7.0 and 

9.2 as standards (Richards, 1954). 

3.1.3  Electrical conductivity of saturation extract 

Electrical conductivity of saturated extract was measured by EC meter 

(Richards, 1954). 
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3.1.4  Calcium carbonate         

 Calcium carbonate was determined by the calcimeteric method using 6 N 

HCl solution. Five g soil sample was treated with 1:1HCl and the volume of CO2 

released from the soil was recorded (Moodie et al., 1959) using the following 

formula. CaCO3 (%) = CO2 released (ml) × (0.00399)/weight of soil sample taken 

(g) 

3.1.5  Particle size analysis 

Forty gram  soil was added to 60 ml of 1 % sodium hexametaphosphate 

solution and kept over night. Soil was transferred to dispersion cup and dispersed 

with  a mechanical stirrer. Readings were recorded with  Bouyoucos hydrometer. 

Soil texture was determined using a triangle published by International Society of 

Soil Science (Moodie et al., 1959). 

3.1.6 Available boron in soil (before and after crop harvest ) 

Ten gram air dried soil was added into a 50-ml Erlenmeyer flask that was 

pretreated with concentrated HCl for one week. B-free  activated charcoal (0.2g) 

and 20 ml DI water were added to the flask. After boiling the contents of the flask 

for 5 minutes the suspension was filtered through a Whatman No.40 filter paper 

and then B determination was done by the azomethine-H method (Bingham, 

1982).  

3.1.7 Organic matter 

   Soil organic matter was determined using Walkley and Black method 

(1934). 1 g  soil was mixed well with 10 mL of 1N potassium dichromate solution 

in a 50 mL conical flask. Twenty mL concentrated H2SO4 (commercial) was added 

to the flask and kept for 30 minutes. The content was diluted by adding 200 mL DI 

water and then  1 mL of diphenylamine indicator was added also.The solution was 

then  titrated with 1N FeSO4. 7H2O  to the end point of purple or blue in color.  

3.2 Laboratory study (B adsorption behavior)  
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 Ten different textured calcareous soils were collected from different areas 

of Pakistan. Adsorption isotherms were developed and the data were fitted to the 

modified Freundlich equation for computing the boron adsorption capacity in 

these soils. For the construction of boron adsorption isotherm 2.50 g soil samples 

were equilibrated with different B concentration levels ( 0, 3.0, 4.0, 5.0, 6.0, 7.0, 

8.0, 9.0, 10.0, and 15.0 mg L-1) in 25 ml solution of 0.01 M CaCl2 at 25±1 oC. Soil 

samples were shaken for 24 hours to achieve steady state condition. The amount of 

B adsorbed was determined as given below: 

∆B = (CBi - CBf)/ (V/W) 

Where ∆B is the change in B concentration in soil solution. Positive ∆B 

values indicate adsorption by the soil solid phase whereas negative values indicate 

desorption by the soil. CBi and CBf are the initial (B concentration added) and 

final equilibrium concentrations of B in solution. V and W are the solution volume 

and soil mass, respectively.  

3.2.1  Freundlich model: 

The modified Freundlich model used to describe B adsorption in these soils 

is as follows: 

 x/m = a Cb (Pal et al., 1999) 

By taking log of both sides of the equation: log (x/m) = log a + b log C 

Where x/m is the mass of B adsorbed per unit mass of soil (mg B kg-1), C is 

the equilibrium solution B concentration (mg L-1), and a and b are constants. The 

values of ‘a’ and ‘b’ are obtained from the intercept and slope, respectively. 

3.2.2  Langmuir model:  

C/(x/m) = 1/kb+C/b 

Where, x/m = Amount of B adsorbed per unit of soil (mg kg-1) 

 C = Equilibrium B concentration in soil solution (mg L-1) 
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 k = It is a constant related to bonding energy of B to the soil. 

 b = It is the maximum adsorption capacity of soil.   

3.2.3 Calculation of B fertilizer  doses for field experiments 

By developing adsorption isotherm in the laboratory, different levels of 

solution B (0, 0.01, 0.03, 0.05, 0.07, 0.09, 0.11, 0.13, 0.15, and 0.17 mg L-1) were  

theoretically determined using Freundlich model and then equivalent to these 

specific solution levels fertilizer B doses were calculated as follows: 

log (x/m) = log a + b log C 

Where x/m is the amount of B adsorbed per unit weight of soil (mg 

B kg-1 soil) and C is the specific soil solution B level (mg L-1). 

Fertilizer dose (mg kg-1) = antilog (log x/m + log C) 

Fertilizer dose (kg ha-1) = Fertilizer dose (ppm) × 2 

Finally the above equation was used to compute fertilizer rates 

against specific soil solution B levels. 

3.3  Field experiments 

The field experiment was conducted in the rice tract under farmer’s field 

conditions using Randomized Complete Block Design (RCBD) with three repeats 

in each of the following trials. Ten treatments of B (0, 0.01, 0.03, 0.05, 0.07, 0.09, 

0.11, 0.13, 0.15 and 0.17mg B L-1) were applied to plots and the plot-size was 

6*4m (24m2).    

3.3.1 Trial-I (Response of rice to model based applied fertilizer B) 

  Model based B, as Na-tetraborate fertilizer doses (having B levels of 0, 

0.01, 0.03, 0.05, 0.07, 0.09, 0.11, 0.13 and 0.17mg L-1) were applied to rice 

(Shaheen Basmati Var.) crop. Basal doses of NPK @110, 90, 60 kg ha-1 

respectively, were applied. Sources of NPK were urea, triple super phosphate 
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(TSP) and sulphate of potash (SOP) respectively. Different yield parameters that 

were measured included:  

 

• Plant height (cm) 

• No of tillers m-2  

• Total biomass (Mg ha-1) 

• Grains panicle-1 

• 1000-grain (paddy) weight (g). 

• Paddy yield (Mg ha-1)  

3.3.2 Trial- II (Response of wheat to model based applied fertilizer B) 

In this trial the effect of model based B levels (0, 0.01, 0.03, 0.05, 0.07, 0.09, 

0.11, 0.13, 0.15 and0.17mg L-1) were evaluated on wheat (Var. Inqulab-91) 

crop.The data on different yield parameters included: 

• Plant height (cm)  

• No of tillers m-2  

• Total biomass (Mg ha-1) 

• Grains spike-1 

• 1000-grain weight (g)  

• Grain yield (Mg ha-1) 

3.3.3 Trial -III (Response of wheat to residual B) 

After the harvest of rice crop on the same layout, wheat (Var. Inqulab-91) 

crop was planted to see the residual effect of boron. The recommended doses of 

NPK were applied and yield parameters reported above were recorded. 
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Plant samples (both grain and shoot at maturity) were analyzed for NPK 

and total boron contents. Soil samples were taken after the harvest of each crop to 

monitor the status of available boron in the soil. External and internal boron 

requirements of both rice and wheat crops were also computed. All chemical 

analysis of the soils was performed based on methods described in part-3 of 

Methods of Soil Analyses (Bigham, 1996). 

 3.4 Chemical analysis of the plant samples 

3.4.1 Dry ashing: 

Dry ashing is simple, non-hazardous and less expensive, compared to wet 

digestion (Chapman and Pratt, 1961). For dry ashing 0.5-1.0g of the ground plant 

material (at maturity) was taken in Pyrex glass beakers. Beakers were placed in a 

cool muffle furnace,  the temperature was increased to 550◦C and the ashing was 

continued for 5 hours after attaining 550◦C. After 5 hours the furnace was shut off. 

When the material was cool, then 5-mL of 2N hydrochloric acid (HCl) was added 

and the ash was dissolved and mixed with a plastic rod. After 15-20 minutes, 

volume was made to 50-mL using DI water and thoroughly mixed. Supernatant 

was used for P and K determination in plant samples.  

3.4.2 Determination of nitrogen 

Nitrogen was determined by Gunning and Hibbard’s method of H2SO4 

digestion.  Oven dried plant sample (0.5g) was placed in Kjeldahl flask and 30ml 

concentrated H2SO4 plus 10g digestion mixture (K2SO4: FeSO4: CuSO4 =10:1.0: 

0.5) were added and the material was digested on gas heater. It was cooled and the 

volume was made to 100ml using DI water. Distillation was carried out in a micro 

Kjeldahl’s Apparatus for 5 minutes, using boric acid (4%) solution in the receiver 

and was titrated with standard (0.1N)H2SO4  (Jackson, 1962). 

3.4.3 Determination of total phosphorus and potassium 
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Aliquot of the dry ashing was used for phosphorus determination in the 

plant samples (straw and grain).P was determined in the aliquot by  Ammonium 

Vanadate-Ammonium Molybdate yellow color method) while K was determined 

by Flame Photometer. 

 

3.4.4  Determination of total boron 

Boron in plant samples was also determined by dry ashing (Chapman and 

Pratt, 1961) and then Colorimetrically by Azomethine-H (Bingham, 1982). 

For dry ashing, 1g dried and ground plant samples (straw/grain) were taken 

in porcelain crucibles. Crucibles were placed in the muffle furnace and the 

temperature was slowly raised  to 550◦C. Ashing was continued for 6 hours after 

attaining 550◦C. The ash was made wet with five drops of DI water, and then 

10mL 0.36N sulfuric acid was added into the crucibles. After stirring with plastic 

rod the aliquot was filtered through Whatman No.1 filter paper into a 50-mL 

polypropylene volumetric flask and then brought to volume with DI water. Filtrate 

was used for B determination by Colorimetric procedure using azomethine-H. 

3.5 Statistical analysis 

The data were subjected to analysis of variance using MSTATC for a 

completely randomized design and significant differences determined using 

Duncan’s Multiple Range Test (Duncan, 1955) as outlined by ( Steel and Torrie, 

1980). 
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 CHAPTER.4 

RESULTS AND DISCUSSION 

 

Fertilizer use in Pakistan is mostly limited  to nitrogen (N) and phosphorus 

(P). Potassium (K) use is confined to a few high-K requiring crops such as 

tobacco, potato, sugar cane and banana. B use however, is negligible. In addition 

many newly introduced crop varieties are more susceptible to B deficiency than 

landraces (Chaudhry et al., 1977; Rashid and Din, 1992). Therefore, soil 

conditions and agronomic practices are conducive to the incidence of B deficiency 

in plants. The range between toxic and deficient B levels for crop growth is quite 

narrow (Rashid et al. 1994); therefore, indiscriminate use of this essential 

micronutrient must be avoided. Sorption of B is one of the most important 

chemical processes in soil, which affects its fate and mobility  in  soil. This 

approach also envisages the safe level of B or any other  nutrient in the soil 

because it is adjusted in the available pool of the soil at a level in which it is 

neither deficient nor toxic to crops (Hunter, 1980). It is observed in general, that 

the adsorption of boron increases as the boron in balance is increased by added 

fertilizer. 

 Realizing the importance of B adsorption and its impact on Rice and Wheat 

crops B adsorption behavior on 5 different textured calcareous soils was assessed 

in the laboratory at the Institute of Soil and Environmental Sciences, University of 

Agriculture Faisalabad. The data obtained were fitted to modified Freundlich & 

Langmuir equations for computing B adsorption capacity of these soils. Field 

studies were carried out on a selected site in rice-wheat cropping tract under 

farmer’s field conditions to see the response of rice and wheat crops to model 

based applied B and its residual effect on wheat crop.    
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4. 1   Basic soil characteristics 

 Soil samples used in this study were collected from five soils (Table1). 

Physical and chemical characteristics of the soils indicated that CaCO3 content 

ranged from 34 g kg -1 in S2 to 136 g kg-1 in the S5. The pHs of all the soils was in 

alkaline range and electrical conductivity (ECe) of saturated extract was less than 

3.5 dS m-1. The clay content ranged from 70 to 300 g kg -1. Available B (Av.B)  

was less than 0.5 mg L-1 in all the soils while organic matter (OM) content was 

less than 10 g   kg -1. 

Table- 1 Physical and chemical characteristics of the soils 

Soil  
ECe 

pHs 
CaCO3 Sand Silt Clay OM Av. B Textural 

class (dS 
m-1) g kg -1 (mg kg-1) 

S1 3.0 8.2 37 730 200 70 5 0.31 
Loamy 

sand 

S2 2.3 8.0 34 540 290 170 4.7 0.46 
Sandy 

loam 

S3 2.9 8.4 49 520 270 210 2.4 0.29 
Sandy clay 

loam 

S4 2.6 7.9 58 440 340 220 3.2 0.29 Loam 

S5 2.4 8.6 136 450 250 300 7.3 0.39 Clay loam 

 

4.2  Freundlich and Langmuir adsorption isotherms of soils 

The Freundlich equation is the oldest one in literature on soil P, first used 

by Russell and Prescott in 1916 as described by Javid (1999). It is an empirical 

equation and corresponds to a model of adsorption in which the affinity term 

decreases exponentially as the amount of adsorption increases. Gregory et al., 

(2005) stated that the advantage of the Freundlich isotherm is that it assumes 



 lxiii

unlimited sorption sites which correlated better with a heterogeneous soil medium 

having different chemical/physical properties. 

In our study the sorption isotherms were  examined according to the linear 

form of the Freundlich equation  where Log EBC* vs. Log x/m were plotted 

which gave a linear fit (Table 2 & Fig 1), significant at P = 0.05   
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      Where EBC  means equilibrium boron concentration  

    Fig. 1 Freundlich adsorption isotherms of the five selected soils. 

Values of the exponent (b) in Freundlich equations were found to be  less than 1 in 

case of all the five soils with maximum value 0.6388  in  S4 while  minimum value 

0.2868  in  S2. The R2 values in Freundlich equations  were highly significant (at P 

< 0.05) in all the five equations, suggesting that the data is mainly fitted to the 

Freundlich adsorption isotherm equation. Therefore, we used this equation  further 

in field study in order to calculate the fertilizer B requirements of the soil. Other 

researchers had also used similar procedures to find out fertilizer rate to adjust 

specific soil solution level in order to get maximum yield (Krishnasamy et al, 

2005). 
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In our research the sorption isotherms were also examined using Langmuir 

equation.The Langmuir equation was first used to describe P adsorption by Olsen 

and Watanabe  (1957) and has since been widely used (Ryden et al., 1977b; Ghosh 

and Biswas, 1987). The main advantage of this equation is that it allows an 

adsorption maximum and the bonding energy for P sorption to be calculated 

(Hussain et al, 2006; Moodie et al, 1959 ., Rowel, 1994 ). 
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 Fig. 2. Langmuir adsorption isotherms of the five selected soils.  

When sorption data was plotted in our research  according to the linear form of 

the Langmuir adsorption isotherm i.e. EBC vs. EBC/(x/m) (Table 2 & Fig 2), R2 

values in Langmuirian equations were significant in case of all the soils except  S5  

which was 0.79 (P < 0.05). The significant R2 observed in these soils  may be due 

the presence of similar type of boron clay minerals like borosilicate while non-

significant R2 value in case of S5 may be due to the dominance of mixed 

mineralogy. These results are in close agreement with those previously obtained 

by Sabine Goldberg and R.A. Glaubig (1985). 
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Table 2. Comparisons of adsorption equations of five selected soils along 

with their R2 values. 

# Soils Equations R2 

1 S1 
Freundlich Y = 0.5275x+0.9485 

Langmuir Y = 0.0221x+0.1226 

0.95 

0.92 

2 S2 
Freundlich Y = 0.2868x+0.153 

Langmuir Y =0.3117x+0.2216 

0.99 

0.88 

3 S3 
Freundlich Y = 0.5806x+0.9807 

Langmuir Y =0.0166x+0.1157 

0.99 

0.95 

4 S4 
Freundlich Y = 0.6388x+1.0659 

Langmuir Y =0.0119x+0.0898 

0.99 

0.96 

5 S5 
Freundlich Y =0.6317x+1.194 

Langmuir Y =0.0085x+0.069 

0.97 

0.79 

 

4.2.1 Correlation of Freundlich’s constant ‘a’ and ‘b’ with different soil properties 

 Table 3 shows the correlation between Freundlich’s constants ‘a’ 

(Solution B) and ‘b’ (Adsorbed B) with different soil characteristics. The results 

showed that there was a statistically non-significant correlation between ECe and 

solution B i.e. (r=0.31 at p<0.05) or adsorbed B i.e. (r=0.18 at p<0.05). Negative 

correlation (-0.74) between pH and solution B indicated that availability of B 

decreased with increase in soil pH. The positive correlation (0.31) between B and 

pH, on the other hand, tells us that adsorption of boron increased with the increase 

in pH. The higher correlation (0.73) between available B and solution B indicated 

that available B content was more in solution.  Whereas, available B was less in 

adsorbed form as is clear from the negative sign i.e. -0.74. CEC and organic matter 

were positively correlated with adsorbed B but were negatively correlated with 

solution B and there was a non-significant correlation between organic matter and 
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solution B, which indicated that organic matter was an important reserve pool for 

adsorbed B and became available to plants when required. The results also 

revealed that there was a strong correlation (r= 0.78 at p<0.05) between CaCO3  

and adsorbed B. The higher adsorption of B on CaCO3  resulted into less B 

availability to plants in calcareous soils of Pakistan. The correlation coefficient 

between adsorbed B and clay content was quite high i.e. 0.53 and the values were 

similar to those obtained by Elrashidi & O’Connor (1982).  

  Table 3 Correlation of Freundlich’s constant ‘a’ and b with soil  properties 

 

 

 

 

 

 

 

 

 

 

 

 

Soil properties ‘a’ (soln.B) ‘b’ (adsorbed B) 

ECe 0.31 -0.18 

pH -0.74 0.31 

Available B 0.73 -0.74 

CEC -0.19 0.63 

OM -0.02 0.49 

CaCO3 -0.71 0.78 

Sand 0.63 -0.41 

Silt -0.25 0.63 

Clay -0.76 0.51 
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4.2.2 Boron adsorption behavior 

The amount of adsorbed boron  increased as the quantity of added B 

increased (Table-4), in all the soils. But on the contrary, the proportion of 

adsorbed B declined in more concentrated solution.  These results are in 

conformity with those previously obtained by Alleoni & Camargo (2000) and 

Goldberg et al. (1993) 

Table 4.  B adsorption behavior on five soils 

B added   
(mg L-1) 

Adsorbed boron (mg kg-1) Adsorption %age of the added B 
S1 S2 S3 S4 S5 S1 S2 S3 S4 S5 

3 11.9 10.8 12.8 14.7 18.8 39.67 36.00 42.67 49.00 62.67

4 13.7 13.7 15.9 18.8 22.0 34.25 34.25 39.75 47.00 55.00

5 17.3 15.9 18.9 22.8 25.9 34.60 31.80 37.80 45.60 51.80

6 19.0 18.8 21.5 25.9 29.1 31.67 31.33 35.83 43.17 48.50

7 21.6 20.8 23.7 27.5 33.7 30.86 29.71 33.86 39.29 48.14

8 24.0 22.8 24.5 32.9 37.3 30.00 28.50 30.63 41.13 46.63

9 25.0 23.7 28.9 36.0 42.8 27.78 26.33 32.11 40.00 47.56

10 22.7 23.7 28.7 37.4 47.4 22.70 23.70 28.70 37.40 47.40

15 32.3 31.8 38.8 48.9 64.6 21.53 21.87 25.87 32.60 43.07

 

The maximum adsorption of B was 64.6 mg kg-1 on S5 and the minimum 

adsorption of 31.80 mg kg-1 was on S2 at the highest level of added B. The 

maximum adsorption of B on  S5 ranging from 18.8 mg kg-1 to 64.6 mg kg-1 was 

mainly due to the highest content of CaCO3 (136 g kg-1), clay (300 g kg-1) and 

high pH e.g. 8.6. Whereas, the minimum B adsorption was observed on S2 e.g. 

ranging from 10.8 to 31.8 mg kg-1 which had 34 g kg-1 CaCO3,  170 g kg-1 clay. 

These results support those previously reported by Goldberg & Forster (1991).  
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4.3 Field experiment-1 Response of rice crop to model based applied B  

 The fate of added B as fertilizer depends upon the initial critical level of 

soil B. The concentration of B in soil solution depends upon the rate of B removal 

by the plants and the rapidity with which it can be desorbed from the adsorbed 

phase.B level in  adsorption based B equilibrium solution  serves as an index of B 

availability. Consequently equilibrium B concentration appears to provide a better 

index of soil fertility using adsorption isotherm technique (Tsadilas et al, 2005).In 

our research  different soil solution B levels were worked out theoretically (using 

Freundlich adsorption isotherm) which ranged from 0 to 0.17 mg L-1. To adjust the 

same soil solution B levels in the field, equivalent fertilizer B rates were calculated 

that varied from 0 to 3.54 kg ha-1 (Table 5). B was applied one month after nursery 

transplanting. Other researchers also used similar procedures to find out fertilizer 

rate to adjust specific soil solution level in order to get maximum yield 

(Krishnasamy et al, 2005). 

 

Table 5    Freundlich model based B rates applied to rice crop in the field 
experiment 

Treatment Adjusted soil   solution B 
level    (mg L-1) 

B rates 

mg kg-1 kg ha-1 

Control 0 0.00 0.00 

T1 0.01 0.14 0.28 
T2 0.03 0.39 0.79 
T3 0.05 0.63 1.27 
T4 0.07 0.87 1.74 
T5 0.09 1.11 2.21 
T6 0.11 1.32 2.64 
T7 0.13 1.55 3.10 
T8 0.15 1.66 3.32 
T9 0.17 1.77 3.54 
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4.3.1 Plant height (cm) 

Plant height is a genetic characteristic but to achieve its potential balanced 

nutrition is needed. It shows the growth behavior of a crop and affects 

photosynthesis. It also plays an important role in determining light interception. 

Plant height may become a primary determinant of individual plant’s success in 

dense plant stands resulting in higher yields (Weiner and Fishman 1994).  

Table-6 Effect of fertilizer B on plant height, tillers m-2 and total biomass of rice  

Treatment B rate Plant height Tillers m-2
Total 

biomass 

kg ha-1 cm Mg ha-1 
Control 0 122b 408 9.30 

1 0.28 127ab 411 9.74 

2 0.79 126.7ab 408 10.28 

3 1.27 127.7ab 415 10.17 

4 1.74 129.3a 426 10.32 

5 2.21 125ab 417 9.50 

6 2.64 127.3ab 399 9.78 

7 3.1 124.3ab 401 9.75 

8 3.32 124ab 400 9.53 

9 3.54 123ab  399 9.38 
LSD(P=0.05) NS 

In the current research plant height of rice crop ranged from 122 cm (in 

control treatment) to the statistically non-significant level of 129 cm with T4 where 

1.74 kg B ha-1 was applied (Table 6) and for which the soil solution level was 0.07 

mg L-1. Actually the major role of B in plant is the formation and fertilization of 

pollen tube & pollen grain and not increasing the plant height. The results obtained 

are in harmony with the results achieved by Furlani et al. (2003) who reported that 
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plant height did not vary much with  increasing B concentrations, but there were 

differences among cultivars for this trait, which may therefore, be considered a 

genetic attribute of the plant.   

4.3.2 Tillers m-2  

Number of tillers m-2 is one of the most important  contributor to yield of 

wheat or rice. Number of tillers is controlled by environmental factors and genetic 

make up of the plant. In present study fertilizer B did not cause a significant 

increase in the tillering of rice crop as is evident from Table 6. The Maximum 

numbers of tillers m-2 (426) were counted in T4 treatment but it was statistically at 

par with other treatments.                                       

Hussain et al. (2005) also reported the same results and observed non-

significant difference in, number of plants m-2, total number of tillers per plant and 

number of fertile tillers per plant in response to applied fertilizer boron, whereas, a 

significant improvement in number of grains per spike and 1000-grain weight was 

found when the fertilizer B was sprayed on wheat foliage at three growth stages 

i.e. at tillering, booting and milking.  

 4.3.3   Total biomass 

 The Data regarding biomass of rice crop are shown in Table 6.  There was a 

slight increase in biomass due to B application but this increase was statistically 

non-significant. T4 treatment with the application of 1.74 kg B ha-1 gave the 

maximum total biomass (10.32 Mg ha-1) of rice crop whereas minimum biomass 

(9.30 Mg ha-1) was found in control treatment. 

 These results are similar to those of Hussain et al. (2005) who indicated 

non-significant difference in, number of plants m-2, total number of tillers per plant 

and number of fertile tillers per plant in response to applied fertilizer B, whereas, a 

significant improvement in number of grains per spike and 1000-grain weight was 

found when the fertilizer B was sprayed on wheat foliage at three growth stages 
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i.e. at tillering, booting and milking. Reviewing the main physiological responses 

to B deficiency at the whole plant and organ level, Dell & Huang (1997) state that 

deficiency of B inhibits root elongation through limiting cell enlargement and cell 

division in the growing zone of root tips. In the case of severe B deficiency, the 

root cap disappears and root growth ceases, leading to the death of root tips. This 

leads to an increase in the shoot: root ratio, which may enhance the susceptibility 

of plants to nutrient and water stresses.   

4.3.4  Number of grains panicle-1  

The data on grains panicle-1  presented in Table 7 shows that there was a 

slight increase in number of grains with 0.28 kg B ha-1 as compared to the control 

treatment. The number of grains panicle-1 increased significantly with increase in 

soil solution B . The Highest number of grains panicle-1 (165) was recorded with 

treatment four where adjusted soil solution B level was 0.07 mg B L-1 with the 

application of 1.74 kg B ha-1. The rates higher  than 1.74 kg B ha-1 caused a 

decrease in number of grains.  Less number of grains  produced with the higher 

rates  might be due to the toxic effect of B. The minimum number of grains   

panicle-1 (134) was observed in treatment 8 where adjusted soil solution B level 

was 0.15 mg B L-1 with the application of 3.32 kg B ha-1. The increase in number 

of grains panicle-1 due to B fertilizer application was obviously due to low 

available B status  in soil before planting. Farmers generally do not use fertilizer B 

but depend on native B and irrigation water source. Crops require B to perform 

many key metabolic functions such as: (a) sugar transport ; (b) cell wall synthesis 

;(c) lignification; (d) cell wall structure; (e) carbohydrate metabolism; (f) RNA 

metabolism; (g) respiration ;(h) indole acetic acid (IAA); metabolism; (i) phenol 

metabolism; (j) membranes (Parr and Loughman, 1983) and to utilize fully the 

applied N and P fertilizers (Mengel and Kirkby, 1987). This fact is evident from 

the present study, that there was a progressive increase in number of grains   

panicle-1 with each incremental level of added B up to 1.74 kg ha-1.  
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 Table 7 Effect of fertilizer B on number of grains panicle-1 of rice  

Treatment 

Adjusted 
soil 

solution 
B level 

B 
rate Grains per panicle 

mg L-1 kg 
ha-1 

Control 0 0 144b 

1 0.01 0.28 151ab 

2 0.03 0.79 147b 

3 0.05 1.27 154ab 

4 0.07 1.74 164.7a 

5 0.09 2.21 148b 

6 0.11 2.64 141.7b 

7 0.13 3.1 139.3b 

8 0.15 3.32 133.7b 

9 0.17 3.54 134.7b 
P=0.05 LSD=0.8043 

The actual B availability, therefore, can be assessed to a greater degree by 

the B concentration of the soil solution and it is possible only after B saturation of 

the B–selective binding sites has been achieved through fertilizer B supply by 

using Freundlich model and in this way the required B concentration of the soil 

solution can be maintained well over the whole crop growth period (Goldberg, 

1993). 

These results are quite similar to those obtained  by  Jana et al. (2005) and 

Rashid et al. (2006) who reported that B use not only enhanced paddy yield, 

reduced panicle sterility appreciably but also increased kernel milling recovery as 

well as improved cooking quality traits, i.e., increased elongation upon cooking, 

reduced bursting upon cooking and reduced stickiness upon cooking. 
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Improvement in cooking quality of rice, with better B nutrition of plants, is 

attributed to better grain filling and uniform crop maturity (Rashid et al. 2004). 

4.3.5  1000-grain weight (g) 

Among various parameters contributing to yield of small grain crops 

(cereals), 1000-grain weight is of prime importance. Heavier the grains, the greater 

will be the yield. The 1000 - grain weight data  presented in Table 8 indicate that 

there was a slight increase in 1000-grain weight with 0.28 kg B ha-1 as compared 

to the control treatment. However, it increased significantly with an increase in 

soil solution B level. Maximum 1000-grain weight (21.07g) was recorded with 

treatment four where adjusted soil solution B level was 0.07 mg L-1 by the 

application of 1.74 kg B ha-1. The higher rates than 1.74 kg B ha-1 caused a 

decrease in grain weight. Lighter grains were produced with the highest rate of 

3.54 kg B ha-1 which might be due to toxic effect of B. The grain weight obviously 

increased due to lower available   B in soil before planting. Farmers generally do 

not use B fertilizer  but depend on natural soil B and irrigation water source.  B is 

an essential nutrient  which is needed to efficiently convert sunlight, water, and air 

into high yields and quality food and fiber. This fact is evident from the present 

study where each incremental level of added B up to 1.74 kg ha-1progressively 

increased 1000-grain weight. The actual B availability, therefore, can be assessed 

to a greater degree by the B concentration of the soil solution and it is possible 

only after B saturation of the B–selective binding sites has been achieved through 

fertilizer B supply by using Freundlich model and in this way the required B 

concentration of the soil solution can be maintained well over the whole crop 

growth period (Goldberg, 1993). 
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Table-8 Effect of fertilizer B on 1000- grain weight of rice  

Treatments 

Adjusted 
soil 

solution 
B level 

B 
rate 1000-grain weight(g) 

mg L-1 kg 
ha-1 

Control 0 0 19.13de 

1 0.01 0.28 19.70bc 

2 0.03 0.79 19.87b 

3 0.05 1.27   19.50bcd 

4 0.07 1.74 21.07a 

5 0.09 2.21   19.63bcd 

6 0.11 2.64    19.30cde 

7 0.13 3.1    19.27cde 

8 0.15 3.32                18.83e 

9 0.17 3.54                18.20f 
P=0.05 LSD=0.5343 

 Similar results were obtained  by  Jana et al. (2005) and Rashid et al. (2006) 

who concluded that B use not only enhanced paddy yield and reduced panicle 

sterility appreciably but also increased kernel milling recovery as well as 

improved cooking quality traits, i.e., increased elongation upon cooking, reduced 

bursting upon cooking and reduced stickiness upon cooking. Improvement in 

cooking quality of rice, with better B nutrition of plants, is attributed to better 

grain filling and uniform crop maturity (Rashid et al. 2004). 

4.3.6 Paddy yield 

The purpose of trials on the effect of B fertilizer  on rice was to  improve 

grain yield. The data on the effect of B on paddy yield (Table-9) showed that there 

was some increase in paddy yield with the application of 0.28 kg B ha-1 as 
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compared to the control treatment. It increased significantly with the increase in 

soil solution B level. The Maximum paddy yield of 3.2 Mg ha-1 was recorded with 

T4 where soil solution B level of 0.07 mg B L-1 was adjusted with the application 

of 1.74 kg B ha-1. The rates higher  than 1.74 kg B ha-1 caused a decrease in paddy 

yield per hectare. The minimum yield of 2.22 Mg ha-1 was noted in the last 

treatment (Treatment 9) where adjusted soil solution B level was 0.17 mg B L-1   

   Table-9 Effect of fertilizer B on paddy yield  

Treatment 

Adusted 
soil 

solution 
B level 

B 
rate Paddy yield 

mg L-1 kg 
ha-1 Mg ha-1 

Control 0 0     2.33de 

1 0.01 0.28       2.61bcd 

2 0.03 0.79    2.62bc 

3 0.05 1.27 2.78b 

4 0.07 1.74 3.2a 

5 0.09 2.21 2.72b 

6 0.11 2.64     2.58bcd 

7 0.13 3.1       2.49bcde 

8 0.15 3.32   2.36cde 

9 0.17 3.54 2.22e 
P=0.05 LSD=0.2819 

 

with the application of 3.54 kg B ha-1.This low yield might be due to the 

toxicity effect of B fertilizer. The paddy yield obviously increased due to low 

available  B in soil before planting. Farmers generally do not use B fertilizer  but 

depend on original B and irrigation water source. Crops require B to perform 
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many key metabolic functions i.e.,: (a) sugar transport ; (b) cell wall synthesis ;(c) 

lignification; (d) cell wall structure; (e) carbohydrate metabolism; (f) RNA 

metabolism; (g) respiration ;(h) indole acetic acid (IAA) metabolism; (i) phenol 

metabolism; (j) membranes formation (Parr and Loughman, 1983) and  applied N 

and P utilization (Mengel and Kirkby, 1987). From  the present study, it is evident 

that with each incremental level of added B up to 1.74 kg ha-1 there was a 

progressive increase in paddy yield. The actual B availability, therefore, can be 

assessed to a greater degree by the B concentration of the soil solution and it is 

possible only after B saturation of the B–selective binding sites has been achieved 

through fertilizer B supply by using Freundlich model and in this way the required 

B concentration of the soil solution can be maintained well over the whole crop 

growth period (Goldberg, 1993). 

These results are supported by the findings of Jana et al. (2005) and Rashid 

et al. (2006) who reported that B use not only enhanced paddy yield and reduced 

panicle sterility appreciably but also increased kernel milling recovery as well as 

improved cooking quality traits, i.e., increased elongation upon cooking, reduced 

bursting upon cooking and reduced stickiness upon cooking. Improvement in 

cooking quality of rice, with better B nutrition of plants, is attributed to better 

grain filling and uniform crop maturity (Rashid et al. 2004). 

4.3.7 External and internal B requirement of rice crop 

External B requirement of a crop refers to the B level of soil that is 

associated with maximum yield (usually expressed at 95% relative yield) using the 

regression equation. In our study the external B requirement at 95% relative paddy 

yield was 0.06 mg B L-1 soil solution and fertilizer B requirement for the same was 

1.74 kg B ha-1 (Figure 3). 
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Figure-3 External B requirement at 95% relative paddy yield  

The term “internal B requirement” is defined as the concentration of B in 

the diagnostic plant part that is associated with near maximum relative (95 %) 

yield. Internal B requirement at 95 % relative (Fig. 4) yield in this research was 

0.97 mg kg-1. 

These results support those previously reported by Tsadilas et al. (2005). 

Taking into account the importance of  external & internal B requirements there is 

only a narrow range in critical tissue concentrations between B deficiency and 

toxicity (Blamey et al. 1997). B is toxic to many plant species at levels only 

slightly above that required for normal growth. The toxicity is, however, more 

common in arid and semi arid regions and in these regions the B status of 

irrigation water is particularly important. Boron concentrations in irrigation water 

(which can be used safely) depends on the B adsorption capacity of the soil since  

large amounts of B in irrigation water are adsorbed by soil (Keren and Bingham 

1985).  
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Figure 4.  Internal B requirement at 95% relative paddy yield  

Sorption isotherm describes the relation between the amount of B that is 

adsorbed by the solid phase of the soil and its equilibrium amount in soil solution. 

Sorption is one of the most important chemical processes in soil, which affects the 

fate and mobility of B in the soil. Sorption studies were practical for B and some 

of the other essential elements such as P, K, S, Cu, Zn and Mn (Hunter, 1980). 

These studies are conducted to determine whether any of the applied plant 

nutrients react, fix or make complex with the soil. In the systematic approach of 

evolving fertilizer optima for enhancing crop productivity, understanding the 

nutrient sorption characteristics of the soil of the experimental site is inevitable. 

This approach also envisages the safe level of any one of the nutrients in the soil 

including B because it should be adjusted in the available pool of the soil at a level 

in which it is neither deficient nor toxic to the crops (Hunter, 1980). It is observed, 

in general, that the adsorption of boron increases as the boron in balance is 

increased by added fertilizer.   

4.3.8 B concentration of rice straw       

  Plant analysis information in Pakistan is limited as compared to soil test 
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data. However, systematic nutrient indexing has provided comprehensive 

information about B status of farmer-grown wheat, rice, sorghum, rapeseed-

mustard, peanut (Rashid and Qayyum 1991), and cotton (Rashid and Rafique, 

2002). To add little information, B content of rice crop as influenced by B 

fertilizer application was determined in our laboratory. 

The data on B concentration in rice straw presented in Table 10 indicated 

that B contents in rice straw increased significantly with the increase of B-use. The 

highest B concentration of 2.59 mg kg-1 in rice straw was found with the last 

treatment (T9) where 3.54 kg B ha-1 was added, whereas the minimum B 

concentration of 2.26 mg kg-1 was found in the control treatment. 

These results are in agreement with those  previously reported by Furlani et 

al. (2003) who stated that B concentrations in plant parts increased linearly  

Table-10  Effect of B on its concentration in rice straw 

Treatment 

Adjusted 
soil 

solution 
B level 

B rate B concentration 

mg L-1 kg 
ha-1 mg kg-1 

Control 0 0 2.26e 

1 0.01 0.28 2.33ef 

2 0.03 0.79 2.36ef 

3 0.05 1.27 2.37de 

4 0.07 1.74 2.42cde 

5 0.09 2.21 2.45cd 

6 0.11 2.64 2.47bc 

7 0.13 3.1 2.50abc 

8 0.15 3.32 2.55ab 

9 0.17 3.54 2.59a 
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with the B-added treatments in nutrient solution for all wheat cultivars, and the 

coefficients for the linear regression equations were highly significant.  

Differences among wheat cultivars however were observed for the B 

concentrations in leaves, stalks, spike-straw and grains, indicating differential B 

accumulation among them in relation to the B-added treatments. Johnson et al. 

(2005) observed that soil B fertilization increased B content of the grain of lentil 

(Lens culinaris), chickpea (Cicer arientum), and wheat by a factor of two to five, 

while increasing the yield of chickpea only 

4.3.9  B concentration of rice paddy  

 The effect of B on its concentration in paddy in Table 11 indicates that 

Boron concentration in paddy increased with each incremental dose of B. The  

Table-11 Effect of B on its concentration in rice paddy 

Treatment 

Adjusted 
soil 

solution B 
level 

B 
rate B concentration 

mg L-1 kg 
ha-1 mg kg-1 

Control 0 0 0.91f 

1 0.01 0.28  0.92ef 

2 0.03 0.79    0.93def 

3 0.05 1.27      0.96cdef 

4 0.07 1.74       0.97bcde 

5 0.09 2.21      0.98abcd 

6 0.11 2.64     0.99abc 

7 0.13 3.1    1.00abc 

8 0.15 3.32  1.01ab 

9 0.17 3.54              1.03a 

P=0.05 LSD=0.09396 
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P=0.05 LSD=0.05425 

       

highest B  concentration of 1.03 mg kg-1 in rice paddy was found in the last 

treatment where maximum amount of B (3.54 kg ha-1) was added, whereas the 

lowest B concentration of 0.91 mg B kg-1   was found in the control treatment 

Similar results were achieved by Furlani et al. (2003) who stated that B 

concentrations in plant parts increased linearly with the B-added treatments in 

nutrient solution for all wheat cultivars, with highly significant coefficients for the 

linear regression equations.  Differences among wheat cultivars were observed for 

the B concentrations in leaves, stalks, spike-straw and grains, indicating 

differential B accumulation among them in relation to the B-added treatments. 

Johnson et al. (2005) observed that soil B fertilization increased B content of the 

grain of lentil (Lens culinaris), chickpea (Cicer arientum), and wheat by a factor of 

two to five, while increasing the yield of chickpea only. 

       The critical B concentration for early vegetative growth in small grain 

cereals is reported to be about 1mg B kg-1 DW (Asad et al., 2001). In contrast, the 

grain set failure in these crops has been found to be associated with less than 2–4 

mg B kg-1 DW in the ear (Rerkasem and Lordkaew, 1992) and 3–7 mg B kg-1 in 

the flag leaf at boot stage (Rerkasem and Loneragan, 1994). At these 

concentrations, the flag leaf and ear themselves appeared normal. The leaf and ear 

B concentration are all somewhat imprecise for diagnosis of B deficiency in cereal 

crops, for two reasons. (1). The reproductive organs that are sensitive to B 

deficiency, the anthers and carpel, account for only 10% of B content of the whole 

ear and 4% of its dry weight at anthesis (Rerkasem, 1996). (2) The critical B 

deficiency concentration for the carpel and anthers are 8–10 times the values for 

these vegetative and secondary reproductive tissues such as the lemma, palea and 

rachis (Rerkasem et al., 1997). Although the ear and flag leaf B concentration may 

not always accurately predict B deficiency, they are nevertheless useful as 
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indicators of the lower limit of B sufficiency. For example, wheat plants with >4 

mg B kg_1 in the ear (Rerkasem and Lordkaew, 1992) or >7mg B kg_1 in the flag 

leaf at boot stage are unlikely to be affected by B deficiency (Rerkasem and 

Loneragan, 1994). 

4.3.10  NPK concentration of rice straw 

 The effect of B on NPK concentration in rice straw in Table 12 shows that 

there was no effect of B on NPK concentration in rice straw. These results are in 

line with those previously reported by Cantarella et al. (1997) who stated that the 

P, K, Ca and Mg leaf concentrations of wheat cultivars did not vary significantly 

with the increasing B treatments.  Whereas, Yamagishi & Yamamoto (1994) and 

Furlani et al. (2001) demonstrated that increasing external B concentrations did 

not interfere on the uptake of other nutrients and they observed no interactions  

Table-12 Effect of B on NPK concentration in rice straw 

Treatment 

Adjusted 
soil 

solution 
B level 

B rate 
NPK concentration 

 
(g kg-1) 

mg L-1 kg ha-1 N P K 
Control 0 0 2.4 0.29 14.0 

1 0.01 0.28 2.5 0.32 14.2 

2 0.03 0.79 2.4 0.31 14.0 

3 0.05 1.27 2.5 0.31 13.8 

4 0.07 1.74 2.4 0.35 14.4 

5 0.09 2.21 2.5 0.35 14.0 

6 0.11 2.64 2.4 0.34 14.2 

7 0.13 3.10 2.5 0.37 13.5 

8 0.15 3.32 2.4 0.33 14.2 

9 0.17 3.54 2.5 0.32 14.2 
LSD(P=0.05) NS NS NS 
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  between B contents and K, Ca and Mg contents in plant DM of soybean cultivars 

grown under increasing B concentrations. 

4.3.11  NPK concentration of rice paddy 

The effect of B on NPK concentration in rice paddy in Table 13 show that 

B application did not affect the NPK concentration in rice paddy. These results are 

quite similar to those achieved by Ghatak et al. (2006) and Furlani et al. (2003). 

Ghatak et al. (2006) concluded that application of B had no significant effects on 

N, P and K concentrations and uptake. However, an increasing trend in the 

contents and uptake of N, P and K was recorded.   

Table-13 Effect of B on NPK concentration in rice paddy 

 

 

 

 

 

 

 

 

Treatments 

Adjusted 
soil 

solution 
B level 

B rate 

NPK concentration 
 

(g kg-1) 

mg L-1 kg ha-

1 N P K 

Control 0 0 12.1 5.2 20.4 

1 0.01 0.28 12.2 4.7 20.4 

2 0.03 0.79 12.1 4.7 20.2 

3 0.05 1.27 12.0 5.0 21.1 

4 0.07 1.74 12.0 5.2 20.6 

5 0.09 2.21 12.1 5.3 20.2 

6 0.11 2.64 12.0 5.4 20.9 

7 0.13 3.10 12.1 5.0 20.4 

8 0.15 3.32 12.2 5.4 20.4 

9 0.17 3.54 12.1 4.8 20.6 
LSD(P=0.05) NS NS NS 
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4.4  Field Experiment-2 Response of wheat crop to model based 

applied B  

 In this field plot experiment the effect of model based applied B levels  

were evaluated on wheat (Var. Inqulab-91) crop. Different yield parameters i.e. 

plant height, tillering, total biomass, number of grains spike-1, 1000-grain weight 

and grain yield were measured in each plot. Plant samples were analyzed for NPK 

and total B contents. In the Freundlich isotherm, the log of B equilibrium 

concentration was plotted against log of adsorbed B, and a highly significant linear 

relationship was obtained (Fig. 5). It might be due to the fact that Freundlich 

model assumes unlimited sorption sites of heterogeneous medium thus giving 

better correlation in soils that have mixed mineralogy.  
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Fig.5  Freundlich adsorption isotherm of the soil for wheat 

 

Langmuir model, on the other hand, assumed homogeneity of sorption sites 

with complete monolayer adsorption of solutes and therefore, could not fit well to 

the B sorption data of the soil under study (Fig. 6). 
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The higher value of coefficient of determination (R2=0.99**) indicated that 

Freundlich equation gave a better fit of B sorption data as was evident from the 

comparison of the adsorption equations (Table 14).  
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Fig. 6  Langmuir adsorption isotherm of the soil 

Table 14 Comparison of coefficients of determination (R2) for the fit of 
the Freundlich and Langmuir equations to the sorption data of the soil under 
study 

 
Using Freundlich adsorption isotherm different B levels in soil solution 

were theoretically calculated and they ranged from 0 to 0.17 mg B L-1. To adjust 

the same B levels in soil solution in the field, equivalent fertilizer B rates were 

also calculated and they varied from 0 to 3.31 kg ha-1 (Table 15). B was applied 

one month after sowing the wheat crop. Other researchers also used similar 

procedure to find out fertilizer rate to adjust specific soil solution level in order to 

get maximum yield (Krishnasamy et al, 2005). 

E q u a t i o n s R 2  
Freundlich Y = 0.5057x + 0.3788 0.99 

Langmuir Y = 0.0906x + 0.2632ns 0.75 
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Table 15  Freundlich model based B rates applied to wheat crop  

Treatment 

 Adjusted soil   
solution B level  

(mg L-1) 
B rates 

mg kg-1 kg ha-1 
Control 0 0 0 

T1 0.01 0.235 0.47 

T2 0.03 0.405 0.81 

T3 0.05 0.71 1.42 

T4 0.07 0.785 1.57 

T5 0.09 0.975 1.95 

T6 0.11 1.175 2.35 

T7 0.13 1.33 2.66 

T8 0.15 1.55 3.1 

T9 0.17 1.65 3.3 

  

4.4.1 Effect of fertilizer boron on different yield components of wheat crop 

Different yield components of wheat crop contribute to its yield. Plant 

height, tillers m-2, total biomass, and 1000-grain weight are the essence of growth 

parameters that are used to describe the performance of a given crop (Taiz and 

Zeiger, 2006). 

4.4.1.1  Plant height (cm) 

Plant height is a genetic factor but to achieve its potential, balanced 

nutrition is needed. It shows the growth behavior of a crop and may also affect the 

grain yield. Plant height plays an important role in determining light interception 

and, therefore, height may become a primary determinant of individual plant’s 

success in dense plant stands resulting in higher yields (Weiner and Fishman 

1994). In present study the plant height of wheat crop ranged from 67.7 cm (T8) to 

72.7 cm with T4 where 1.57 kg B ha-1 was applied (Table 16) for which the soil 

solution B level was 0.07 mg L-1 but the differences were not statistically 
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significant. Actually the major role of B in plant is pollen tube & pollen grain 

formation and fertilization and not the enhancement of vegetative growth.    

Table-16 Effect of fertilizer B on plant height, tillers m-2 & total biomass of wheat  

Treatment 

B 
rate 

Plant 
height No. of tillers 

m-2 
 

Total biomass 

kg 
ha-1 (cm) Mg ha-1 

Control 0 71.3 308 5.8 

1 0.47 71.3 300 5.8 

2 0.81 70.3 320 6.0 

3 1.42 69.3 320 6.0 

4 1.57 72.7 316 6.1 

5 1.95 69.3 303 6.1 

6 2.35 69.0 320 5.9 

7 2.66 68.7 304 6.0 

8 3.1 67.7 316 5.9 

9 3.3 68.0 300 5.9 

LSD(P=0.05) NS 

 

Similar results were obtained by Furlani et al. (2003) who reported that plant 

height of wheat crop did not vary much on increasing B concentrations, but there 

were differences among wheat cultivars for this trait, which may be considered a 

genetic attribute of the plant. 
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4.4.1.2  Tillers m-2 

The data in Table 16 show that B application did not increase tillering in 

wheat The Maximum number of tillers m-2 (320) was noticed with T2 but it was 

statistically at par with other treatments.   

 Hussain et al. (2005) achieved the same results and suggested non-

significant difference in, number of plants m-2, total number of tillers per plant and 

number of fertile tillers per plant in response to applied fertilizer B, whereas, a 

significant improvement in number of grains per spike and 1000-grain weight was 

found when the B fertilizer was sprayed on wheat foliage at three growth stages 

i.e. at tillering, booting and milking. 

4.4.1.3  Total biomass 

 Data regarding total biomass of wheat crop (Table 16) show that there was 

slight increase in total biomass due to B application but this increase was 

statistically non-significant. Treatment number 4 (1.57 kg B ha-1) gave the 

maximum total biomass (6.1 Mg ha-1) of wheat crop, but it was statistically at par 

with other treatments. 

 These results are similar to those of Hussain et al. (2005) who indicated 

non-significant differences in, number of plants m-2, total number of tillers per 

plant and number of fertile tillers per plant in response to applied fertilizer B, 

whereas, a significant improvement in number of grains per spike and 1000-grain 

weight was found when the fertilizer B was sprayed on wheat foliage at three 

growth stages i.e. at tillering, booting and milking.  

While, reviewing the main physiological responses to B deficiency at the 

whole plant and organ level, Dell & Huang (1997) stated that deficiency of B 

inhibits root elongation through limiting cell enlargement and cell division in the 

growing zone of root tips.  In the case of severe B deficiency, the root cap 

disappears and root growth ceases, leading to the death of root tips. This implies 
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that an increase in the shoot: root ratio, may enhance the susceptibility of plants to 

nutrient and water stresses.  

4.4.1.4  Number of grains spike- 1 

The data in Table 17 indicate that there was  slight increase in number of 

grains with 0.47 kg B ha-1 as compared to the control treatment. The number of 

grains   spike-1, in general, increased significantly with increase in soil solution B 

level. The highest number of grains spike-1 (48) was recorded with treatment four 

where adjusted soil solution B level was 0.07 mg L-1 with the application of 1.57 

kg B ha-1. The higher rates than 1.57 kg B ha-1 caused a decrease in number of 

grains. Less number of grains were produced with the highest rates which might 

be due to the toxic effect of B. The minimum number of grains   spike-1 (33) were 

from the last treatment where adjusted soil solution B level was 0.17 mg L-1 with 

the application of 3.3 kg B ha-1. The number of grains increased due to low 

available B in soil before planting. Farmers generally do not use B fertilizer but 

depend on natural soil B and irrigation water source. B is an essential fertilizer 

element which becomes a plant food nutrient needed to efficiently convert 

sunlight, water, and air into high yields and quality food and fiber. It is evident 

from the present study, that there was a progressive increase in number of grains   

spike-1 with each incremental level of added B up to 1.57 kg ha-1. The actual B 

availability, therefore, can be assessed to a greater degree by the B concentration 

of the soil solution. However, it is possible only after B saturation of the B–

selective binding sites through fertilizer B application. Rates of B fertilizer can be 

determined by Freundlich model and in this way the required B concentration of 

the soil solution can be maintained well over the whole crop growth period 

(Goldberg, 1993). 

           Our data is in harmony with that of Jana et al. (2005) and Soylu et al. 

(2004) who concluded that grain yields in all genotypes of wheat crop were 

increased significantly by B applications as compared to control. Application of 1 
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and 3 kg B ha-1 increased yield on an average of 11 and 9%, respectively, while 9 

kg B ha-1 resulted in lower overall yield increase (7%).They also reported that the   

genotypes they studied had shown significant variations with respect to 

Table-17  Effect of fertilizer B on grains spike-1 of wheat 

  

 

 

their responses to additional B. The varieties Kunduru-1149 and Cakmak-79 gave 

the highest grain yield (4080 and 4315 kg ha-1, respectively) at 1 kg B ha-1, 

whereas Kzltan-91 and Yalmaz-98 yielded best (4475 and 5010 kg ha-1, 

respectively)  at 3 kg B ha-1. 

Treatments 

Adjusted 
soil 

solution 
B level 

B rate No. of grains 
spike-1 

mg L-1 kg ha-1 
Control 0 0 41.0bc 

1 0.01 0.47 42.0bc 

2 0.03 0.81 44.3ab 

3 0.05 1.42 46.7a 

4 0.07 1.57 48.0a 

5 0.09 1.95 41.0bc 

6 0.11 2.35 40.3cd 

7 0.13 2.66 36.7de 

8 0.15 3.1 35.3e 

9 0.17 3.3 33.3e 

P=0.05    LSD=3.851 
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4.4.1.5  1000-grain weight 

 Among various parameters contributing to maximum economic yield of 

rice and wheat crops, the 1000-grain weight is of prime importance. The 1000 - 

grain weight data of wheat in table-18 showed that there was a slight increase in 

1000-grain weight with 0.47 kg B ha-1 as compared to control treatment. It 

increased significantly with an increase in B level in soil solution. The maximum 

1000-grain weight (43.9g) was observed in treatment four where adjusted soil 

solution B level was 0.07 mg B L-1 with the application of 1.57 kg B ha-1. B rates 

higher than 1.57 kg B ha-1 caused a decrease in grain weight. Lighter grains were 

produced with the highest rate of 3.31 kg B ha-1 which might be due to toxic effect 

of B. The increase in grain weight was obviously due to low available B in soil 

before planting. Farmers generally do not use B fertilizer but depend on natural 

soil B and irrigation water source. Crops require B to perform many key metabolic 

functions i.e.,: (a) sugar transport ; (b) cell wall synthesis ;(c) lignification; (d) cell 

wall structure formation; (e) carbohydrate metabolism; (f) RNA metabolism; (g) 

respiration ;(h) indole acetic acid (IAA); metabolism; (i) phenol metabolism; (j) 

membranes formation (Parr and Loughman, 1983) and full utilization of applied N 

and P fertilizers (Mengel and Kirkby, 1987). It is evident from the present study, 

that there was a progressive increase in grain weight   with each incremental level 

of added B up to 1.57 kg ha-1. The actual B availability can be assessed mostly by 

the B concentration in the soil solution and it is possible only after B saturation of 

the B–selective binding sites through fertilizer B application. The B rates are 

determined by  Freundlich model and in this way the required B concentration of 

the soil solution can be maintained well over the whole crop growth period 

(Goldberg, 1993).   
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Table-18 Effect of fertilizer B on 1000-grain weight of wheat  
 

               

 

 

 

 

 

 

 

 

 

 

 

 Jana et al. (2005) and Soylu et al. (2004) also concluded the same in 

their experiments that grain yields in all genotypes of wheat crop were increased 

significantly by B applications as compared to control. Application of 1 and 3 kg 

B ha-1 increased yield on an average of 11 and 9%, respectively, while 9kg B ha-1 

resulted in lower overall yield increase (7%).They reported that genotypes they 

studied had shown significant variations with respect to their responses to 

additional B. The varieties  Kunduru-1149 and Cakmak-79 gave the highest grain 

yield (4080 and 4315 kg ha-1, respectively) at 1 kg B ha-1, but Kzltan-91 and 

Yalmaz-98 also yielded the best (4475 and 5010 kg ha-1, respectively) at 3 kg B 

ha-1. 

Treatments 

Adjusted 
soil 

solution 
B level 

B rate 1000-grain weight 
(g) 

mg L-1 kg ha-1 
Control 0 0 40.2abcd 

1 0.01 0.47 41.2abcd 

2 0.03 0.81 42.3abc 

3 0.05 1.42 43.1ab 

4 0.07 1.57 43.9a 

5 0.09 1.95 40.3abcd 

6 0.11 2.35 39.4bcde 

7 0.13 2.66 38.8cde 

8 0.15 3.1 37.8de 

9 0.17 3.3 36.1e 
P=0.05    LSD=3.735 



 xciv

4.4.1.6  Grain yield 

 The data in Table-19 showed that grain yield increased slightly with the 

application of 0.47 kg B ha-1 as compared to control treatment. The yield increased 

significantly with an increase in B level in soil solution. The maximum yield of 

3.15 Mg ha-1 was recorded with T4 where soil solution B level of 0.07 mg B L-1 

was adjusted with the application of 1.57 kg B ha-1. The rates higher than 1.57 kg 

B ha-1 caused a decrease in grain yield per hectare. The minimum yield of 2.4 Mg 

ha-1 was noted with the last treatment where adjusted soil solution B level was 

0.17 mg B L-1 with the application of 3.31 kg B ha-1 .This lower yield  might be 

due to the toxicity effect of fertilizer B. The yield increase was obviously due to 

low available B in soil before planting. Farmers generally do not use B fertilizer 

but depend on native B and B in irrigation water. Crops require B to perform many 

key metabolic functions i.e.,: (a) sugar transport ; (b) cell wall synthesis ;(c) 

lignification; (d) cell wall structure formation; (e) carbohydrate metabolism; (f) 

RNA metabolism; (g) respiration ;(h) indole acetic acid (IAA) metabolism; (i) 

phenol metabolism; (j) membranes formation (Parr and Loughman, 1983) and full 

utilization of applied N and P fertilizers (Mengel and Kirkby, 1987). It is evident 

from the present study, that there was a progressive increase in wheat grain yield 

with each incremental level of added B up to 1.57 kg ha-1. The actual B 

availability, therefore, may be assessed to a greater degree by the B concentration 

of the soil solution and it is possible only after B saturation of the B–selective 

binding sites through fertilizer B application. The B rates are determined by 

Freundlich model and in this way the required B concentration of the soil solution 

can be maintained well over the whole crop growth period (Goldberg, 1993). 

   These results coincide with those of Jana et al. (2005) and Soylu et 

al. (2004) who concluded the that grain yields in all genotypes of wheat crop were 

increased significantly by the application of fertilizer B  as compared to control. 

Application of 1 and 3 kg B ha-1 increased yield on an average of 11 and 9%, 
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respectively, while 9kg B ha-1 resulted in lower overall yield increase (7%).They 

reported that genotypes they studied had shown significant variations with respect 

to their responses to additional B. Varieties Kunduru-1149 and Cakmak-79 gave 

the highest grain yield (4080 and 4315 kg ha-1, respectively) at 1 kg B ha-1, 

whereas Kzltan-91 and Yalmaz-98 yielded the best  (4475 and 5010 kg ha-1, 

respectively) at 3kg B ha-1.      

                    Table-19  Effect of fertilizer B on grain yield of wheat 

Treatment 

Adjusted 
soil 

solution 
B level 

B rate Grain yield 

mg L-1 kg ha-1 Mg ha-1 
Control 0 0 2.99a 

1 0.01 0.47 3.02a 

2 0.03 0.81 3.06a 

3 0.05 1.42 3.11a 

4 0.07 1.57 3.15a 

5 0.09 1.95 3.04a 

6 0.11 2.35 2.76b 

7 0.13 2.66 2.73b 

8 0.15 3.1 2.66b 

9 0.17 3.3 2.39c 
P=0.05    LSD=0.1956 

 

4.4.1.7  External and internal B requirements at 95% relative yield level of wheat  

External B requirement of a crop refers to the B level of soil that is associated 

with maximum relative yield usually expressed at 95% level using regression 

equation. In current research the external B requirement for wheat grain yield was 
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0.07 mg L-1 in soil solution and fertilizer B requirement for the same was1.57 kg 

ha-1(Figure7). 

 

 

 

 

 

 

 

Fig. 7 External B requirement at 95% relative yield of wheat crop  

         The term “internal B requirement” is defined as the 

concentration of B in the diagnostic plant part that is associated with 

near maximum relative (95 %) yield. In our study the internal B 

requirement of wheat (Fig. 8)  was 1.01 mg kg-1. These results are in line with 

those previously reported by Tsadilas et al. (2005). Taking into account the 

importance of internal & external B requirements there is only a narrow range in 

critical level of B concentration in   
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Fig. 8 Internal B requirement at 95% relative yield of wheat crop  

 

tissue between B deficiency and toxicity (Blamey et al. 1997). B is toxic to many 

plant species at levels only slightly above that required for normal growth. The 

toxicity is, however, more usually associated with arid and semi arid regions. The 

B level of irrigation water is particularly important in these regions. Boron 

concentrations in irrigation water which can be used safely depend on the B 

adsorption capacity of the soil since large amounts of B in irrigation water are 

adsorbed by soil (Keren and Bingham 1985). 

A sorption isotherm takes into the account intensity, quantity and capacity 

factors, which are important to predict the amount of soil B required for maximum 

plant growth. It can also predict how the B level of a soil will change upon 

cropping. If the critical B level in soil solution for plant growth can be identified, 

then B-sorption isotherm can be used to estimate the fertilizer B needed to adjust 

the B in soil solution which will be optimum for maximum yield. As the amount 

of B fertilizer applied in a soil is affected by the type of clay minerals, CEC, 

amount of organic matter, soil texture, amount of CaCO3 and other properties. 

Therefore, these properties are measured to determine B requirements of crops. 

However, if sorption isotherm of B is used then these properties need not to be 

measured in order to determine soil requirements B. The other important benefit of 

B sorption isotherm is that  little time and laboratory work is needed to produce a 

sorption curve for basic site-specific fertilizer recommendation (Solis and Torrent, 

1989). Therefore, knowledge of the B sorption capacity of soils provides an 

accurate estimate of B requirements of soils. 

   4.4.1.8 B concentration in wheat straw  
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Plant analysis information on B in Pakistan is limited as compared to soil 

test data. However, systemic nutrient indexing has provided comprehensive 

information about B level of farmer-grown wheat, rice, sorghum, rapeseed-

mustard, peanut (Rashid and Qayyum 1991), and cotton (Rashid and Rafique, 

2002). In our research the B content of wheat as influenced by B application was 

determined in the laboratory. 

B concentration in wheat straw increased significantly with an increase in 

B-use (Table. 20). But this increase was statistically non-significant. The highest B 

concentration of 1.23 mg B kg-1 in wheat straw was found in the last treatment 

where maximum amount of B (3.31 kg ha-1) was added, whereas minimum B  

 Table-20    Effect of B on its concentration in wheat straw 

Treatment 

Adjusted soil 
solution B 

level 
B rate B 

concentration

mg L-1 kg ha-1 mg kg-1 
Control 0 0  1.15g 

1 0.01 0.47 1.17f 

2 0.03 0.81   1.18ef 

3 0.05 1.42   1.18ef 

4 0.07 1.57    1.19de 

5 0.09 1.95     1.20cde 

6 0.11 2.35     1.21bcd 

7 0.13 2.66     1.21abc 

8 0.15 3.1   1.22ab 

9 0.17 3.3 1.23a 
P=0.05    LSD=0.01715 

 

concentration of 1.15 mg kg-1 was found in control treatment. 
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These results are in agreement with those reported by Furlani et al. (2003) 

who stated that B concentrations in plant parts increased linearly with the B-added 

treatments in nutrient solution for all wheat cultivars. The coefficients for the 

linear regression equations were highly significant.  Differences among wheat 

cultivars were also observed for the B concentrations in leaves, stalks, spike-straw 

and grains, indicating differential B accumulation among them in relation to the B-

added treatments. Johnson et al. (2005) observed that soil B fertilization increased 

B content of the grain of lentil (Lens culinaris), chickpea (Cicer arientum), and 

wheat by a factor of two to five, while increasing the yield of chickpea only.            

4.4.1.9  B concentration in wheat grains  

Table 21 shows that B concentration in wheat grains increased with each 

increment of B fertilizer, but the increase was statistically non-significant. The 

highest B concentration (1.06 mg kg-1) in wheat grains resulted from the last 

treatment where maximum amount (3.31 kg B ha-1) of B was applied. The lowest 

B concentration (0.98 mg kg-1), on the other hand, was in wheat grains from the 

control treatment.  

The critical B concentration in early vegetative growth in wheat is reported 

to be about 1mg B kg-1 DW (Asad et al., 2001). In contrast, the grain set failure in 

wheat has been found to be associated with less than 2–4 mg B kg-1 DW in the ear 

(Rerkasem and Lordkaew, 1992) and 3–7 mg B kg-1 in the flag leaf at boot stage 

(Rerkasem and Loneragan, 1994). In spite of these lower concentrations, the flag 

leaf and ear themselves appeared normal. However, the leaf and ear B 

concentrations are somewhat imprecise of diagnosis of B deficiency in cereal 

crops, for two reasons. (1)The reproductive organs (the anthers and carpel) that are 

sensitive to B deficiency, account for only 10% of B content of the whole ear and 

4% of its dry weight at anthesis (Rerkasem, 1996). (2) The critical B deficiency 

concentrations for the carpel and anthers are 8–10 times higher than the values for 



 c

secondary reproductive tissues such as the lemma, palea and rachis (Rerkasem et 

al., 1997). 

 

 



 ci

Table-21   Effect of B on its concentration in wheat grains 

 

                                      

 

 

 

 

 

 

 

 

 

 

 Although the B concentration in ear and flag leaf may not always 

accurately predict B deficiency, they are nevertheless useful as indicators of the 

lower limit of B sufficiency. Wheat plants with >4 mg B kg_1 in the ear (Rerkasem 

and Lordkaew, 1992) or >7mg B kg_1 in the flag leaf at boot stage will unlikely be 

affected by B deficiency (Rerkasem and Loneragan, 1994). 

Similar results were achieved by Furlani et al. (2003) who stated that B 

concentrations in plant parts increased linearly with the B-added treatments in 

nutrient solution for all wheat cultivars. The correlation coefficients for the linear 

regression equations were highly significant.  Differences among wheat cultivars 

were observed for the B concentrations in leaves, stalks, spike-straw and grains, 

indicating differential B accumulation among them in relation to the B-added 

treatments. Johnson et al. (2005) observed that soil B fertilization increased B 

Treatment 

Adjusted soil 
solution B 

level 
B rate B 

concentration

mg L-1 kg ha-1 mg kg-1 
Control 0 0 0.98 

1 0.01 0.47 1.00 

2 0.03 0.81 1.00 

3 0.05 1.42 1.01 

4 0.07 1.57 1.03 

5 0.09 1.95 1.03 

6 0.11 2.35 1.04 

7 0.13 2.66 1.04 

8 0.15 3.1 1.05 

9 0.17 3.3 1.06 
LSD(P=0.05) NS 
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content of the grain of lentil (Lens culinaris), chickpea (Cicer arientum), and 

wheat by a factor of two to five, while increasing the yield of chickpea only. 

4.4.1.1 0 NPK concentration of wheat straw 

 The effect of B on NPK concentration in wheat straw is shown in Table 22.  

The data show that there was no significant effect of B on NPK concentration in 

wheat. The concentrations of P, Ca, K and Mg in leaves (average sample of all 

shoot leaves) were within adequate limits based on standards that were reported in 

literature for the flag leaf of plants grown in the field.  The P, K, Ca and Mg  

concentrations in leaves of wheat cultivars studied in this project did not vary 

significantly with the increasing B treatments. Yamagishi & Yamamoto (1994)                        

Table-22 Effect of B on NPK concentration in wheat straw  

 
Treatment 

Adjusted 
soil 

solution   
B level 

B 
rate 

NPK concentration 
(g kg-1) 

 

mg L-1 kg ha-1 N P K 
Control 0 0 6.1 0.37 24.4 

1 0.01 0.28 6.5 0.40 24.7 

2 0.03 0.79 6.5 0.34 24.4 

3 0.05 1.27 6.1 0.38 24.0 

4 0.07 1.74 6.1 0.34 24.4 

5 0.09 2.21 6.1 0.35 24.4 

6 0.11 2.64 6.1 0.33 24.7 

7 0.13 3.1 6.1 0.35 24.7 

8 0.15 3.32 6.2 0.34 24.0 

9 0.17 3.54 6.3 0.34 24.4 

LSD(P=0.05) NS NS NS 
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and Furlani et al. (2003) demonstrated that increasing external B 

concentrations did not interfere with the uptake of other nutrients. They 

observed no interactions between B contents and K, Ca and Mg contents in 

plant DM of soybean cultivars grown under increasing B concentrations. 

4.4.1.11 NPK concentration in wheat grains 
 Table 23 shows the effect of B on NPK concentration in wheat 

grains. It is evident from the data that B application did not affect the NPK 

concentration in wheat grains. The concentrations of these nutrients were 

found to be within adequate limits based on data found in literature.   

 Table 23.   Effect of B on NPK concentration in wheat grains 

Treatment 

Adjusted 
soil 

solution 
B level 

B 
rate 

NPK concentration 
(g kg-1) 

mg L-1 
kg ha-

1 N P K 
Control 0 0 18.2 6.7 9.3 

1 0.01 0.28 17.7 6.7 10.7 

2 0.03 0.79 17.7 6.3 10.0 

3 0.05 1.27 17.9 6.6 10.7 

4 0.07 1.74 17.2 6.5 9.3 

5 0.09 2.21 17.4 6.7 10.0 

6 0.11 2.64 17.7 6.6 9.3 

7 0.13 3.10 17.3 6.5 10.7 

8 0.15 3.32 18.0 6.9 10.7 

9 0.17 3.54 17.7 6.5 10.7 
LSD(P=0.05) NS NS NS 

                These results are quite similar to those achieved by Ghataket al. 

(2006) and Furlani et al. (2003). Ghatak et al. (2006) concluded that application of 

B had no significant effects on N, P and K concentrations and uptake. However, 
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an increasing trend in the contents and uptake of N, P and K as a result of 

incremental B application was recorded. Yamagishi & Yamamoto (1994) and 

Furlani et al. (2001) reported that increasing external B concentrations did not 

interfere with the uptake of other nutrients and they observed no interactions 

between B contents and K, Ca and Mg contents in plant DM of soybean cultivars 

grown under increasing B concentrations. On the contrary Hosseini et al. (2005) 

found out that soil B application increased B, Cu, P and K concentrations, but 

reduced the concentrations of Fe. Jana et al. (2005) also observed that the 

application of B increased NPK contents and uptake in grain. 
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 4.5 Field experiment-3   Response of wheat crop to residual 

boron 

 In order to see the residual effect of boron on growth of wheat after rice 

harvest on the same layout, wheat (Var. Inqulab-91) was planted. Table 24 shows 

that the available soil B after rice harvest increased. Soil applied B leaves a 

beneficial residual effect on succeeding crop(s) grown in the same field. This is 

because first crop removes only a small fraction of the applied B dose (Rashid et 

al. 2006). Because of irreversible B losses due to soil adsorption/ precipitation 

and/or leaching, all the residual B can not remain available for the subsequent 

crop(s).  

Table-24 Available B status of soil after the harvest of rice crop 

Treatment 
Adjusted soil 

solution B level B rate Available 
B 

mg L-1 kg ha-1 mg kg-1 
Control 0 0 0.45 

1 0.01 0.28 0.47 

2 0.03 0.79 0.46 

3 0.05 1.27 0.47 

4 0.07 1.74 0.48 

5 0.09 2.21 0.50 

6 0.11 2.64 0.49 

7 0.13 3.1 0.50 

8 0.15 3.32 0.50 

9 0.17 3.54 0.51 
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However, the enhanced soil labile B definitely benefits succeeding crop(s) in the 

rotation.  

4.5.1 Effect of  residual B on growth parameters of wheat crop 

In this experiment the effect of residual B on yield components of wheat 

was evaluated. Plant height, tillers m-2, total biomass, and 1000-grain weight are 

the essence of growth analysis used to describe the performance of a given crop 

(Taiz and Zeiger, 2006). 
4.5.1.1    Plant height (cm)  

               The effect of residual B on the height of wheat crop was statistically non-

significant (Table 25). The maximum height of 92.40cm was observed in soil 

where available B level was 0.46 mg kg-1 but it was statistically at par with other 

Table 25.  Residual effect of B on plant height, tillers m-2 & total biomass of 

wheat  

Treatment 

Available 
B 

Plant 
height 
(cm) 

No. of 
tillers 

m-2 

Total 
biomass  

mg kg-1 (Mg ha-1) 

Control 0.45 81.03 312.0 8.30 

1 0.47 86.47 312.0 9.17 

2 0.46 92.40 320.0 9.58 

3 0.47 92.13 326.7 9.74 

4 0.48 89.40 320.0 9.75 

5 0.50 82.47 328.0 9.80 

6 0.49 87.30 313.3 10.40 

7 0.50 81.63 304.0 10.80 

8 0.50 81.13 316.0 10.00 

9 0.51 80.67 308.0 9.90 
LSD(P=0.05) NS 
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 treatments. The minimum height was in soil where available B status of soil was 

found to be 0.51mg kg-1. Plant height is a genetic factor but some improvement in 

its potential is possible through balanced nutrition. It shows the growth behavior 

of a crop and may also affect the grain yield.   

These results are in harmony with those achieved by Furlani et al. (2003) 

who reported that plant height did not vary much in relation to increasing B 

concentrations, but there were differences among various wheat cultivars for this 

trait, which may be considered a genetic attribute of the plant. 

4.5.1.2  Tillers m-2 

Residual B did not increase significantly  the tillering of wheat crop as is 

evident from Table 25.The maximum numbers of tillers m-2 (328) were counted in 

soil where residual B concentration was 0.5mg kg-1
 but it was statistically at par 

with other treatments.  

 These results are in line with those of Hussain et al. (2005) who suggested 

non-significant difference in number of plants m-2, total number of tillers per plant 

and number of fertile tillers per plant in response to fertilizer B, whereas, a 

significant improvement in number of grains per spike and 1000-grain weight was 

found when the fertilizer B was sprayed on wheat foliage at three growth stages 

i.e. at tillering, booting and milking.  

4.5.1.3  Total biomass (Mg ha-1) 

 Data regarding total biomass of wheat crop (Table 25) show that there was 

some increase in total biomass in response to residual B, but this increase was 

statistically non-significant. The increase in total biomass of wheat crop was, 

however, almost linear with the increase in concentration of residual B. The 

maximum biomass of 10.80 Mg ha-1 was observed in soil where residual B 
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concentration was 0.5mg kg-1
. The minimum biomass of 8.30 Mg ha-1, on the 

other hand, was observed in control plot. 

   These results are similar to those of Hussain et al. (2005) who 

reported non-significant difference in number of plants m-2, total number of tillers 

per plant and number of fertile tillers per plant in response to fertilizer B, whereas, 

a significant improvement in number of grains per spike and 1000-grain weight 

was found when the fertilizer B was sprayed on wheat foliage at three growth 

stages i.e. at tillering, booting and milking.  

4.5.1.4   Number of grains spike-1  

The data on number of grains spike-1 in wheat (Table 26) show that the 

number of grains spike-1 in response to residual B were increased linearly with the 

increasing concentration of available B. The highest number (46) of grains spike-1 

were in soil where available B concentration was 0.51mg B kg-1, whereas the least 

number (36) of grains spike-1 were counted in the control treatment. 

Rashid et al. (2006) also concluded that the residual effect of B (applied to 

rice) on the successive wheat crop was highly appreciable. A dose of 1.0 kg B ha-1, 

applied to the previous rice crop, resulted in 21% increased wheat grain yield. It is 

interesting to note that wheat grain yield increase with the cumulative effect of 1.0 

kg B ha-1, applied both to rice and wheat crops, was of the same magnitude. 

Jana et al. (2005) and Soylu et al. (2004) also reported that grain yields in 

all genotypes of wheat crop were significantly increased by B applications as 

compared to the control. Application of 1 and 3 kg B ha-1 increased yield an 

average of 11 and 9%, respectively, while 9kg B ha-1 resulted in lower overall 

yield increase (7%).  
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  Table-26       Residual effect of B on number of grains spike-1  

 

 

 

 

 

 

 

 

 

 

 

4.5.1.5 1000-grain weight (g) 

        The data in Table 27 indicate that 1000 - grain weight  of wheat in 

response to residual B increased linearly with increase in B concentration in soil.  

The maximum 1000-grain weight (44.2g) was observed when available B 

concentration was 0.49mg kg-1, but it was statistically at par with several other 

treatments. The minimum grain weight of 37.63g, however, was recorded in 

control treatment. 

          Our results support the findings of Rashid et al. (2006) who 

concluded that residual B from rice to wheat crop was highly appreciable. A dose 

of 1.0 kg B ha-1, applied to the previous rice crop, resulted in 21% increased wheat 

grain yield. Interestingly, wheat grain yield increase with the cumulative effect of 

1.0 kg B ha-1, applied both to rice and wheat crops, was of the same magnitude. 

Treatment 
Available 

B No. of grains spike-1 
mg kg-1 

Control 0.45 36.00c 

1 0.47 37.00c 

2 0.46 40.00bc 

3 0.47 44.00ab 

4 0.48 44.00ab 

5 0.50 45.00ab 

6 0.49 46.00a 

7 0.50 45.00ab 

8 0.50 46.00a 

9 0.51 46.00a 
P=0.05 LSD=5.516 
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Table-27 Residual effect of B on 1000-grain weight of wheat crop 

Treatment 
Available 

B 1000-grain weight (g) 
mg kg-1 

Control 0.45 37.63c 

1 0.47 40.23bc 

2 0.46 41.13ab 

3 0.47 41.87ab 

4 0.48 42.73ab 

5 0.50 43.61ab 

6 0.49 44.20a 

7 0.50 42.30ab 

8 0.50 41.40ab 

9 0.51 41.00abc 
P=0.05 LSD=3.445 

 Jana et al. (2005) and Soylu et al. (2004) reported that the grain yields in all 

genotypes of wheat crop they studied were increased significantly by B 

applications as compared to the control. Application of 1 and 3 kg B ha-1 increased 

yield on an average of 11 and 9%, respectively, while 9 kg B ha-1 resulted in lower 

overall yield increase (7%).  

4.5.1.6  Grain yield (Mg ha-1) 

  The data in Table 28 show that wheat grain yield increased with the 

increasing concentration of available B in soil. Maximum grain yield  (3.10 Mg 

ha-1) in response to residual B was recorded with T6 where residual B 

concentration was 0.49 mg kg-1. The minimum grain yield of 2.10 Mg ha-1 was 

found in the control treatment. 

These results support Rashid et al. (2006) who concluded that residual 

effect of B, applied to rice, on the successive wheat crop was highly appreciable. 
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A dose of 1.0 kg B ha-1, applied to the previous rice crop, resulted in 21% increase 

in wheat grain yield. Interestingly, the wheat grain yield increase as a result of the 

cumulative effect of 1.0 kg B ha-1, applied both to rice and wheat crops, was of the 

same magnitude. Jana et al. (2005) and Soylu et al. (2004) also observed that the 

grain yields in all genotypes of wheat crop  increased significantly by B 

applications as compared to the control. Application of 1 and 3 kg B ha-1 increased 

yield an average of 11 and 9%, respectively, while 9 kg B ha-1 resulted in lower 

overall yield increase (7%).  

Table-28 Residual effect of B on grain yield of wheat crop 

Treatment 
Available B 

Grain yield (Mg ha-1) mg kg-1 
Control 0.45 2.44b 

1 0.47 2.52ab 

2 0.46 2.57ab 

3 0.47 2.66ab 

4 0.48 2.66ab 

5 0.5 2.71ab 

6 0.49 3.10a 

7 0.5 3.10a 

8 0.5 3.05a 

9 0.51 3.00a 

P=0.05 LSD=0.8280 
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4.5.1.7  External and internal B requirements of wheat crop receiving 

residual B 

 External B requirement of a crop refers to the B level of soil associated 

with maximum relative yield usually expressed at 95%  using regression equation. 

External B requirement at 95% relative yield for grain yield in this study (Figure 

9), corresponding to residual B status, was 0.47 mg B L-1.  

  The term “internal B requirement” is defined as the concentration of 

B in the diagnostic plant part associated with near maximum relative (95 

%) yield. Internal B requirement at 95 % relative yield (Fig. 9) for wheat 

crop, corresponding to residual B level, was 0.71 mg B kg-1. 

 

Figure 9   External & internal  B requirement of wheat crop (Residual B status) 
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4.5.1.8  B concentration of wheat straw receiving residual B 

 B concentration in wheat straw (Table 29) increased with the increase in 

concentration of residual B level of soil. The highest B concentration of 1.25 mg B 

kg-1 in wheat straw resulting from  residual B was found in soils where  residual B 

content was 0.51 mg kg-1. Minimum B concentration of 1.17mg B kg-1 in wheat 

straw, on the other hand, was found in the control treatment. Furlani et al. (2003) 

also concluded that B concentrations in plant parts increased linearly with the B-

added treatments in nutrient solution for all wheat cultivars, and there was highly 

significant correlation coefficients for their linear regression equations.  

Differences among wheat cultivars, however, were observed for the B 

concentrations in leaves, stalks, spike-straw and grains, indicating differential B 

accumulation among them in relation to the B-added treatments. 

Table-29 Residual effect of B on its concentration in wheat straw 

 

 

Treatment 
Available B in 

soil B conc. in wheat straw 
mg kg-1 mg kg-1 

Control 0.45 1.170f 

1 0.47 1.200e 

2 0.46 1.200e 

3 0.47 1.200de 

4 0.48 1.210cde 

5 0.50 1.210cde 

6 0.49 1.220cd 

7 0.50 1.230bc 

8 0.50 1.230ab 

9 0.51 1.250a 
P=0.05 LSD=0.01715 
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4.5.1.9       B concentration of wheat grain receiving residual B 

             The residual effect of B in soil on its concentration in wheat grains is 

shown in Table 30. Boron concentration in grains increased with an increase in 

concentration of residual B. The highest B concentration of 0.81 mg kg-1 in wheat 

grains was in soils where residual B content was 0.51 mg kg-1. The minimum B 

concentration (0.66 mg kg-1) was in soils of control plot. 

These results are in agreement with those reported by Furlani et al. (2003) 

who stated that B concentrations in plant parts increased linearly with the B-added 

treatments in nutrient solution for all wheat cultivars. Their correlation coefficients 

for the linear regression equations were highly significant. Differences among 

wheat cultivars, however, were observed for the B concentrations in leaves, stalks, 

spike-straw and grains, indicating differential B accumulation among them in 

relation to the B-added treatments. 

   Table-30 Residual effect of B on its concentration in wheat grain 

 Treatment
Available B B concentration 

mg kg-1 mg kg-1 
Control 0.45 0.661c 

1 0.47 0.670c 

2 0.46 0.670c 

3 0.47 0.708bc 

4 0.48 0.708bc 

5 0.50 0.717bc 

6 0.49 0.727bc 

7 0.50 0.755ab 

8 0.50 0.783ab 

9 0.51 0.812a 
P=0.05 LSD=0.07671 
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 Johnson et al. (2005) also observed that soil B fertilization increased B 

content of the grains of lentil (Lens culinaris), chickpea (Cicer arientum), and 

wheat by a factor of two to five, while increasing the yield of chickpea only. 

4.5.1.10 NPK concentration of wheat straw receiving residual B  

The data  on the effect of residual B on NPK concentration in wheat straw 

is shown in Table 31. It shows that residual B had no effect of on NPK 

concentration in wheat straw.  

Table-31 Residual effect of B on NPK concentration in wheat straw 

Treatment 
Available B N P  K 

mg kg-1 g kg-1 
Control 0.45 6.27 0.3 22.7 

1 0.47 6.47 0.4 22.7 

2 0.46 6.43 0.3 22.2 

3 0.47 6.27 0.3 22.7 

4 0.48 6.37 0.3 22.9 

5 0.50 6.30 0.3 22.4 

6 0.49 6.27 0.3 22.9 

7 0.50 6.33 0.3 22.7 

8 0.50 6.40 0.3 22.7 

9 0.51 6.37 0.3 22.0 
LSD(P=0.05) NS NS NS 

 

These results are in agreement with those of reported by Cantarella et al. 

(1997) who stated that leaf concentrations of P, Ca, K and Mg (average sample of 

all shoot leaves) did not change as a result of residual B. They were considered to 

be within adequate limits when compared with data found in the literature for the 

flag leaf of plants grown in the field. In addition, the P, K, Ca and Mg 

concentrations in leaves of wheat cultivars did not vary significantly with the 
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increasing B treatments.  Yamagishi & Yamamoto (1994) and Furlani et al. (2001) 

demonstrated that increasing external B concentrations did not interfere with the 

uptake of other nutrients and they observed no interactions between B contents 

and K, Ca and Mg contents in plant DM of soybean cultivars grown under 

increasing B concentrations in soil. 

4.5.1.11   NPK concentration of wheat grains receiving residual B  

The data on residual effect of B on NPK concentration in wheat grains in 

Table 32 show that residual B did not affect the NPK concentration in wheat 

grains.  

These results are in agreement with those  achieved by Ghatak et al. (2006) 

and Furlani et al. (2003). Ghatak et al. (2006) concluded that application of B had 

no significant effects on N, P and K concentrations and uptake. However,  

Table-32 Residual effect of B on NPK concentration in wheat grains 

 Treatment Available B N P  K 

mg kg-1 g kg-1 
Control 0.45 17.4 6.3 11.1 

1 0.47 17.8 6.1 10.7 

2 0.46 18.3 6.1 11.1 

3 0.47 18.0 6.4 10.9 

4 0.48 17.5 6.3 10.9 

5 0.50 17.4 6.2 11.1 

6 0.49 18.2 6.3 10.9 

7 0.50 17.8 6.3 11.1 

8 0.50 18.2 6.6 10.9 

9 0.51 17.5 6.1 11.1 
LSD(P=0.05) NS NS NS 
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an increasing trend in the contents and uptake of N, P and K was recorded. 

Yamagishi & Yamamoto (1994) and Furlani et al. (2003) demonstrated that 

increasing external B concentrations did not interfere with the uptake of other 

nutrients and they observed no interactions between B contents and K, Ca and Mg 

contents in plant DM of soybean cultivars grown under increasing B 

concentrations. 

4.6 Available B level of soil after crop harvest 

 Figure 10 shows the available B status of soil after crops harvest. After rice 

harvest there was almost a linear increase in the B level of soil. After wheat 

harvest the residual B level also showed similar trend, however, the available B 

level was lower as compared to that achieved after rice harvest. The upper line in 

the figure indicates that there was gradual increase in B level in soil with each 

incremental dose of fertilizer B just as was observed after rice crop. 

 

 

 

 

 

 
 

Fig. 10 Available B status of soil after the harvest of crops 

These results are also supported by Li et al., 1978 and Rerkasem & 

Loneragan, 1994 who stated that available soil B levels associated with B 

deficiency in wheat ranged from about 0.1 mg HWS B kg-1 soil in Thailand  to 

0.3–0.4 mg HWS B kg-1 soil in China. 
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                  CHAPTER.5 

SUMMARY 

In Pakistan nitrogen (N) and phosphorus (P) fertilizers are predominantly 

used. Potassium (K) use is confined to a few high-K requiring crops such as 

tobacco, potato, banana and sugarcane. Boron (B) use is, on the other hand, 

negligible. In addition, many newly introduced crop varieties are more susceptible 

to B deficiency than landraces. Hence, negligible use of B and new varieties have 

created the incidence of B deficiency in soil and plants. Furthermore, the range 

between toxic and deficient B levels for crop growth is quite narrow; therefore, 

indiscriminate use of this essential micronutrient must be avoided.  

Boron can be applied both as soil application as well as foliar feeding. 

Foliar applied B is believed to retain significant amount of B through phloem 

mobility to flowering meristems from either senescing leaves and/or bark. Thus, 

foliar sprays of B provide not only a means to apply B at a particular growth stage, 

but it also permits a rapidly-acting remedial action soon after the deficiency 

diagnosis. The soil application, on the other hand,  produces greater yields for the 

same boron application rate. 

B fertilization methods and rates should be carefully defined because of the 

small amounts needed for correction of deficiency while avoiding over-application 

and possible toxicity. Broadcasted B should be incorporated to the full cultivation 

depth before seedbed preparation. Top dressing (surface broadcast application) on 

hay crops is an effective application technique. 

Adsorption isotherm technique 

Sorption is one of the most important chemical processes in soil, which 

affects the fate and mobility of nutrients in the soil. Sorption isotherm describes 

the relationship between the amount of substance adsorbed by the solid phase of 
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the soil and its equilibrium amount in soil solution. Sorption studies are practical 

for some of the essential elements such as P, K, S, Cu, Zn, Mn, and B. They are 

conducted to determine whether any of the applied plant nutrients react, fix or 

make complex with the soil. In the systematic approach of determining the 

fertilizer optima for enhancing crop productivity, understanding the nutrient 

sorption characteristics of the soil of the experimental site is important. This 

approach envisages the safe level of any one of the nutrients in the soil because it 

should be adjusted in the available pool of the soil at a level in which it is neither 

deficient nor toxic to the crops. It is observed, in general, that the adsorption of 

boron increases as the boron in balance is increased by added fertilizer. 

Laboratory study (Adsorption pattern of B in soil) 
 Boron adsorption on five different textured calcareous soils was assessed in 

the laboratory at the Institute of Soil and Environmental Sciences University of 

Agriculture Faisalabad. Pakistan and the data obtained were fitted to modified 

Freundlich equation to see the adsorption behavior on these soils and also compute 

B doses for rice-wheat cropping system.  

For the construction of boron adsorption isotherm 2.50 g soil was 

equilibrated with B concentration levels of 0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0, 

and 15.0 mg L-1 in 25 ml 0.01 M CaCl2 solution at 25±1 oC. Soil samples were 

shaken for 24 hours to achieve steady state condition. The amount of B adsorbed 

was determined by using the formula: 

 ∆B = (CBi - CBf)/ (V/W) 

Where ∆B is the change of B in soil solution. Positive ∆B values indicate 

adsorption by the soil solid phase whereas negative values indicate desorption by 

the soil. CBi and CBf are the initial (B concentration added) and final equilibrium 

concentrations of B in solution. V and W are the solution volume and soil mass, 

respectively.  
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Freundlich model: 

 The modified Freundlich model used to describe B adsorption in 

these soils is as follows: 

 x/m = a Cb (Pal et al., 1999) 

If we take Log of both sides, we will get 

 log (x/m) = log a + b log C 

Where x/m is the mass of B adsorbed per unit mass of soil (mg B kg-1), C is the 

equilibrium solution B concentration (mg L-1), a and b are constants. The values of 

‘a’ and ‘b’ are obtained from the intercept and slope, respectively. 

Langmuir model:  

C/(x/m) = 1/kb+C/b 

Where, x/m = Amount of B adsorbed per unit of soil (mg kg-1) 

       C = Equilibrium B concentration in soil solution (mg L-1) 

    k = It is a constant related to the bonding energy of B to the soil. 

       b = It is the maximum adsorption capacity of soil.   

Field Experiments 

Field studies were carried out to determine the site-specific and crop-

specific fertilizer B requirements of rice and wheat crops and its residual effect on 

wheat crop at a selected site in rice-wheat cropping tract under farmer’s field 

conditions. The selected soil was normal (EC = 2.30 dS m-1), alkaline (pH. = 8), 

low in organic matter (4.7g kg-1), deficient in available B (0.46 mg kg-1), 

calcareous (CaCO3 = 74 g kg-1) and sandy loam in texture. By developing 

adsorption isotherm in the laboratory, different levels of soil solution B (0, 0.01, 

0.03, 0.05, 0.07, 0.09, 0.11, 0.13, 0.15 and 0.17mg L-1) were calculated 

theoretically by using Freundlich model and against these levels fertilizer B doses 
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were determined. Field studies were carried out according to randomized complete 

block design (RCBD) with three replications and 10 treatments. 

Field experiment-I (Response of rice to model based applied fertilizer B)  

Model based B rates of 0, 0.28, 0.79, 1.27, 1.74, 2.21, 2.64, 3.1, 3.32 and 

3.54 kg ha-1 as Na-tetraborate were applied to rice crop (Shaheen Basmati Var.). 

Fertilizers NPK =110, 90, 60 kg ha-1 as urea, triple super phosphate (TSP) and 

sulphate of potash (SOP) respectively, were applied. Growth & yield parameters 

as plant height (cm), no of tillers m-2, total biomass (Mg ha-1),grains panicle-1, 

1000-grain (paddy) weight, paddy yield (Mg ha-1) were recorded  

Field experiment-II (Response of wheat to model based applied fertilizer B) 

In this experiment the effect of model based B rates of 0, 0.47, 0.81, 1.42, 

1.57, 1.95, 2.35. 2.66, 3.1 and 3.31 kg ha-1 were applied to wheat crop (cultivar. 

Inqulab-91). Basal doses remained the same as for rice crop. Plant samples were 

analyzed for NPK and total B contents. Growth & yield parameters as plant height 

(cm), no of tillers m-2, total biomass (Mg ha-1), grains spike-1, 1000-grain weight, 

grain yield (Mg ha-1) were monitored. 

Field experiment-III (Wheat response to residual B) 

 After the harvest of rice crop, wheat (Var. Inqulab-91) crop was planted on 

the same layout to see the residual effect of boron. The recommended doses of 

NPK were applied and yield parameters i.e. plant height, number of tillers meter-2, 

total biomass, 1000-grain weight, grain yield, and no of grains per spike were 

examined. 

  Soil samples were taken after the harvest of each crop to monitor the 

status of available boron in soil. External and internal boron requirements of both 

rice and wheat crops were also computed. All chemical analysis of the soils were 

performed by using the standard methods. 

The results obtained from these studies are summarized as follows: 
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Laboratory study 

• Adsorption of B increased with an increase of its application rate. The 

proportion of adsorbed B showed a declining trend in more concentrated 

solution i.e. % adsorption of B at the lowest added level of B was more 

than that at the highest level in all the soils under study. 

• The maximum adsorption of B was 64.6 mg kg-1 on clay loam and the 

minimum was 31.80 mg kg-1 on sandy loam when 2.5 g soil was 

equilibrated with 15 mg B L-1. 

• Adsorption of B  was positively correlated with CaCO3 , organic matter , 

cation exchange capacity (CEC) , pH  and clay  content and the 

corresponding r2 values were 0.78, 0.49, 0.63, 0.31and 0.51. 

• The Freundlich model was better fitted to boron sorption data of the soils 

than the Langmuir model. The R2 values with Freundlich model were 0.95, 

0.99, 0.99, 0.99, and 0.97 and with Langmuir model were 0.92, 0.88, 0.95, 

0.96, 0.79 for loamy sand, sandy loam, sandy clay loam, loam and clay 

loam soils respectively. 
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Field Experiments 

• There was no effect of applied B on the vegetative growth i.e. plant height, 

tillering and total biomass of rice and both the wheat crops. 

I) Rice Crop 

• There was a positive effect of fertilizer B (from 0 to 1.74 kg B ha-1) on 

grains panicle-1.The highest number of grains panicle-1 (165) was recorded 

with the application of 1.74 kg B ha-1. The number of grains panicle-1 

decreased with increase in B rates (beyond 1.74 kg B ha-1) and the least 

number of grains panicle-1 (134) was counted where 3.32 kg B ha-1 was 

applied. The decrease in number of grains at higher rates was due to toxic 

effect of B. 

• Heavier grains were produced with B application and the maximum 1000-

grain weight of 21.07g was recorded with the application of 1.74kg B ha-1. 

The rates higher than 1.74 kg B ha-1 caused a decrease in grain weight and 

the minimum grain weight was obtained with the highest rate of 3.54 kg B 

ha-1. This was due to the toxic effect of B.  

• The paddy yield increased with B application (from 0 to 1.74 kg B ha-1) and 

the maximum paddy yield of 3.2 Mg ha-1 was recorded with the application 

of 1.74kg B ha-1.The yield began tapering with rates higher than 1.74 kg B 

ha-1 and the minimum yield of 2.22 Mg ha-1 was observed with the 

application of 3.54 kg B ha-1. The decrease in yield might be due to the 

toxic effect of higher rates of B. 

• The external B requirement at 95% relative  paddy yield was 0.06 mg L-1 

soil solution 

• The internal B requirement at 95% relative paddy yield  was 0.97 mg kg-1. 
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• Boron concentration in rice straw increased with an increase in B rate and 

the highest B concentration of 2.59 mg kg-1 in rice straw was found with the 

highest rate of 3.54 kg B ha-1, whereas, the lowest B concentration of 2.26 

mg kg-1 was found in straw harvested from the control plots. 

• The highest rate of B (3.54 kg ha-1) resulted in boron concentration of 1.03 

mg kg-1 of paddy. Whereas the lowest B concentration of 0.91 mg kg-1 of 

paddy was in control plot.   

• There was no significant effect of B on NPK concentration in rice grains 

and straw. 

II) Wheat Crop 

The application of 1.57 kg B ha-1 resulted in the highest number of grains 

spike-1 (48). The rates higher than1.57 kg B ha-1  caused a decrease in 

number of grains, and the minimum number of grains   spike-1 (33) was 

obtained when the application rate was 3.31 kg B ha-1.  

• 1000-grain weight also increased with B application and the maximum 

1000-grain weight of 43.9g was observed when the application rate was 

1.57 kg B ha-1. The B rates higher than 1.57 kg B ha-1 caused a decrease in 

grain weight and the minimum weight of 36.1g was obtained with 3.31 kg 

B ha-1. 

• The grain yield increased to maximum of 3.15 Mg ha-1 when the application 

rate was 1.57 kg B ha-1. The rates higher 1.57 kg B ha-1 caused a decrease 

in grain yield. The minimum yield of 2.4 Mg ha-1 was obtained with the 

application of 3.31 kg B ha-1. 

• The external B requirement at 95% relative grain yield was 0.07 mg L-1 soil 

solution. 

• The internal B requirement at 95% relative grain yield was 1.01 mg kg-1 
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• Boron concentration in wheat straw increased with the increase in B rates 

and the maximum B concentration of 1.23 mg kg-1 in wheat straw resulted 

from the highest rate of 3.31 kg B ha-1. The minimum B concentration (1.15 

mg  kg-1) in wheat straw was in the control plot.  

• The highest rate of B (3.31 kg ha-1) resulted in boron concentration of 1.06 

mg kg-1 in wheat grains. The lowest B concentration of 0.98 mg kg-1 was 

found in grains  from the control plots.   

III) Wheat crop  receiving residual boron 

• The number of grains spike-1 increased with an increase in residual B level 

in soil  and the maximum number (46) of grains spike-1 was observed under 

residual B level of  0.51mg kg-1 soil. The least number (36) of grains spike-1 

were in the control plot. 

• The 1000  grain weight increased with an increase in B concentration and 

the maximum grain weight of 44.2g  was obtained where residual B 

concentration was 0.49 mg kg-1. The increase, however, was statistically 

non-significant. The minimum grain weight (37.63g) was recorded in 

control plots. 

• Grain yield of wheat increased in response to residual B and the maximum 

grain yield of 3.10 Mg ha-1 was recorded where residual B concentration 

was 0.49 mg kg-1 and the minimum grain yield of 2.10 Mg ha-1 was found 

with that from the control plots. 

• The external B requirement at 95% relative grain yield corresponding to 

residual B status was 0.47 mg L-1. 

•  Internal B requirement at 95% relative grain yield corresponding to 

residual B status was 0.71 mg kg-1. 
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• The maximum B concentration in wheat straw(1.25 mg kg-1 )corresponding 

to residual B effect was from the last treatment where residual B content 

was 0.51 mg L-1. The minimum B concentration (1.17 mg kg-1), on the 

other hand, was in the control plot.   

• The highest B concentration (0.81 mg kg-1) in wheat grains was  in the last 

treatment where residual B content was 0.51 mg L-1. The minimum B 

concentration (0.66 mg kg-1) was in the control plot. 

• There was no significant effect of applied or residual B on NPK 

concentration in wheat grain and straw.  

• Available level of applied B in soil after the harvest of each crop increased 

with the each incremental dose of fertilizer B. 

Conclusions: 

 The following conclusions are drawn. 

• Adsorption of B increases with increase of added B but the marginal 

adsorption of B decreases. 

• There is a positive correlation between adsorbed B and CaCO3, clay 

content, soil pH, organic matter and cation exchange capacity (CEC) of the 

soils of Pakistan. 

• Freundlich model proved better than the Langmuir model for the 

construction of B adsorption isotherm and computation of fertilizer doses. 

• Application of B fertilizer on the basis of soil solution level of B for various 

crops and soils may be used and tested in Pakistan. 

• Residual B may prove to be the source of B for 2-3 crops. 

• More research is needed to assess site specific and crop specific B needs to 

enhance productivity.  
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