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ABSTRACT 

Wheat (Triticum aestivum L.) is the world’s leading cereal crop and is unanimously 

consumed as staple food product of almost hundred percent Pakistani nationals as well as 

about 1/3rd population of the world. Cotton (Gossypium hirsutum L.) is an important cash 

crop of Pakistan but the yields of wheat and cotton in Pakistan have been stagnated 

throughout the preceding decade due to improper fertilizer management and non-

exploitation of micronutrients specially boron. Boron (B) is extraordinary amongst the 

microelements in that an extremely diminutive amount is required for ordinary growth 

and maturity of plants, and simply somewhat greater B concentrations are toxic. A three-

year (2005-2008) study was initiated to determine the boron status of soils under wheat-

cotton system and also to assess the relationship between soil B and physico-chemical 

properties of soils. B content present in canal and tubewell waters being used by wheat-

cotton, were also assessed. The responses of cotton and wheat crops to foliar and soil 

applied B were also studied under field conditions. Almost all the soils were calcareous 

in nature (92 % area), alkaline in reaction (83 % area had pH > 8) and 100 % area had 

OM < 1 %. In case of soil B content, 82 % soils were deficient in B (0.10 to 0.45 µg g-1), 

15 % were adequate (0.46 to 0.55 µg g-1) and only three samples were sufficient (0.56-

0.91 µg g-1). More B was observed in the fine textured soils (28 % area). Low B 

concentrations were observed in wheat and cotton plants. The average B concentrations 

during 2006 and 2007 in wheat leaves were 8.86 and 4.41 mg kg-1, and in cotton 37.78 

and 15.83 mg kg-1. Mean B content in canal water was more during monsoon season 

(0.14±0.10 mg L-1) as compared to that during winter season (20±0.13 mg L-1), 

respectively. Whereas, B concentration was more in tubewell waters as compared to that 

in canal waters. B fractionation study revealed that the highest mean plant available B 

(0.32±0.12 mg kg-1) was obtained by hot water extraction followed by 0.05M HCl 

(0.31±0.12 mg kg-1), and 1:2 water extraction whereas the lowest B concentration was 

extracted by 0.005M DTPA. Total soil B content of all the soils varied from 15.61 to 

152.80 mg kg-1 and it was further fractionated by using 0.05 M HCl (readily soluble B), 

0.05 M KH2PO4 (exchangeable B), 0.02 M HNO3-H2O2 (extractable B), 0.25 M NH4-

oxalate extractable B and the residual B. The highest mean B fraction was the residual 

fraction (70.50 mg kg-1) whereas the lowest was the water soluble B (0.33 mg kg-1). Field 
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experiments were conducted at three different textured soils (loam, sandy clay loam and 

silt loam). Ten B treatments were applied to soil (0.00, 0.25, 0.50, 0.75, 1.00, 1.25, 1.50, 

1.75, 2.00 and 3.00 kg B ha-1 at sowing along with recommended NPK fertilizers for 

cotton and wheat. Whereas five B levels (0.00, 0.25, 0.50, 0.75 and 1.00 kg ha
-1) were 

used for foliar application  in three replications in RCBD, while all other recommended 

nutrients for cotton and wheat were applied. Foliar sprays were performed on cotton 

before flowering, at flowering and at boll formation stages while on wheat before 

tillering, at booting and at milking stages. B application as soil and foliar sprays 

significantly increased the number of bolls, boll weight, lint, seed cotton, dry matter 

yield, lint percent, leaf B concentration and total B uptake. Foliar use of B (0.50 kg B ha-

1) increased the seed cotton yield by 25.60 % over control on loamy soil followed by that 

on silt loam soil (23.80 %), however during the next year (2007), seed cotton yield mildly 

decreased compared to first year at the same B application level of 0.50 kg B ha-1 but it 

remained significantly higher than control by 8 and 21.50 % at loam and silt loam soil 

(23.80 %), respectively. Likewise, wheat crop significantly responded to B application 

both as soil and foliar in terms of grain and straw yields, number of grains spike-1, 1000-

grain weight, plant height, plant B concentration and total B uptake while it had non-

significant effects on tillering and protein content. B application improved the grain yield 

by around 6, 9.60 and 6 % at B application levels of 0.50, 0.75 and 1 kg ha-1, 

respectively. Finally, the residual or carry-over study revealed significant responses of 

wheat crop to residual B applied to previous cotton crop. Residual B significantly 

improved the grain and straw yields, number of grains spike-1, 1000-grain weight, plant 

height, plant B concentration and total B uptake and protein content of wheat. The 

highest and the lowest protein content of 14.54 and 11.17 % were obtained with residual 

B levels of 1.50 and 3 kg ha-1, respectively. 
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INTRODUCTION 

  

The soils of Pakistan are mostly developed from calcareous, alluvial and loessial 

deposits of late pleistocene age located somewhat on old river terrace and relatively on 

the channel-levee-remnants, thus most of micronutrients originated from weathering of 

rocky parent materials. Moreover, their deficiencies are prevalent because of intensive 

cultivation and more nutrient uptake than addition. Moderately high soil pH (≥ 7.5) and 

low organic matter (OM) content (< 1.0 %) of calcareous soils are major causes of low B 

availability to plants. The majority of farmers indiscriminately use only macronutrients 

(N, P and rarely K) as fertilizer for irrigated wheat, cotton, sugarcane and rice crops. In 

Pakistan, wheat and cotton crops are grown on an area of 8.50 and 3.08 million hectares, 

respectively (MINFAL, 2007). Total annual (2006-07) wheat and cotton crop production 

were approximately 23.50 and 2.21 million tonnes, while per hectare yields of wheat and 

cotton were 2769 and 712 kg ha-1, respectively (FAO, 2006; Ahmad and Rashid, 2003). 

In several plant functions, B is implicated directly and indirectly as it involves in 

growth of cells in newly emerging shoot and root while in some plants it is crucial for 

boll formation, flowering, pollination, seed development and sugar transport synthesized 

by the different plant components (Takano et al., 2008; 2007; Takano, 2006; Miwa et al., 

2008; Dordas et al., 2007; Marschner, 1995; Wallace, 2006; Anon., 1996; Clement and 

Audran, 1995; Clement et al., 1996; Hu and Brown, 1994; Anon. 1977; Dennis and 

Dennis, 1941; 1943). Boron plays supportive role in cell wall synthesis and lignification 
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(Loomis and Durst, 1992), cell wall structure (Fleischer et al., 1998; Blevins and 

Lukaszewski, 1998; Loomis and Durst, 1991), carbohydrate and RNA metabolism 

(Shelp, 1993), respiration, indole acetic acid and phenol metabolism as well as membrane 

transportation (Barr et al., 1993). It is also revealed that reproductive growth (Raven, 

1980), fruit development, seed setting and grain yield is significantly responsive to B 

deficiency than vegetative growth (Clement et al., 1996; Zhang et al., 1994). 

Furthermore, low soil B status stimulates male sterility in wheat plants as well 

(Rerkasem, 1996b; Rerkasem et al., 1997a; 1997b; Chhipa and Lal, 1989; Saifuzzaman, 

1995). Of the entire identified deficiencies of plant micronutrients, that of B is most 

prevalent (Gupta, 1993). B has been universally documented as the leading amongst all 

essential micronutrients (Shorrocks, 1997; 1995; 1992; Chang et al., 1992; Bingham, 

1973). B deficiency in plants and optimistic B response to application has been reported 

in above eighty countries and for 132 crops (Shorrocks, 1997). In Pakistan, by 2002, 

micronutrient boron was not acknowledged as a yield or growth restraining element for 

cotton and wheat production, and no suggestive commendation for B fertilization of both 

crops were accessible to growers. In 2002, B deficiency of cotton was initially detected in 

various districts in central and southern Punjab and Sindh provinces (Niaz et al., 2002; 

Sillanpae, 1982; Rashid, 1997) and has been noticed each year since, making it the most 

prevalent nutrient deficiency of cotton and wheat reported in Pakistan. 

According to a worldwide study on micronutrients, in Pakistan almost 49 % area 

of Punjab was B deficient (Sillanpaa, 1982; Shorrocks, 1997; Rashid, 2005). The B 

availability to plants is also influenced by dynamic soil properties including organic 

matter, texture, cultivation, drought, and microbial activity (Mengel and Kirkby, 2001). 

In our soils climatic conditions are very harsh i.e. high temperature and low rainfall in 

arid and semi-arid areas of wheat-cotton cropping system, so a little amount of soil B is 

progressively complexed with organic matter (Niaz et al., 2007; Niaz et al., 2002; 

Ibrahim et al., 2007a; 2007b; 2007c; Rashid, 2005; Yermiyaho et al., 1995; 1988; Gu and 

Lowe, 1990) and also adsorbed on clay surfaces (Bingham 1971; Keren et al., 1972; 

Keren and Ben-Hur, 2003). Further, it has also been revealed that somewhat boron is 

precipitated with CaCO3 and is quite unavailable for plant growth (Gupta, 1977; 

Goldberg, 1997; Shorrocks, 1997). 
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B moves in all directions in the soil by mass flow of water. Soil reaction called 

pH has a substantial influence on B availibilty to flora. Adsorption of B on sand silt or 

clay particles enhances with pH (particularly at pH 5-9) (ALBION, 2003). Boron 

availability decreased with increasing pH and most of the total soil B is unavailable to 

plants (ALBION, 2003; Borax, 1998; Peterson and Newman, 1976). In diverse soils, a 

small quantity of B is gradually complexed within organic matter (Yermiyaho et al., 

1995; 1988; Gu and Lowe, 1990), adsorbed on clays (Bingham 1971; Keren et al., 1972; 

Hingston, 1964; Frederickson and Reynolds, 1959; Keren and Ben-Hur, 2003) and to 

some extent it is precipitated with CaCO3 and is quite unavailable for plant growth 

(Shorrocks, 1997; 1989; 1995). The CaCO3 content of calcareous soils varied from few 

perent up to 95% and above 30 % of the earth crust contained calcareous soils 

(Marschner, 1995). Soil pH affects B availability more by sorption reactions than by 

formation of less soluble compounds (Peterson and Newman, 1976). Mortvedt et al., 

(1999) reported that at pH range of 5.50 – 7.50, the activeness or avalibilty of B is the 

highest. Boron is sorbed to Fe and Al oxides in soils and its availability is lowest at pH 

range 6-9. Some studies showed that there were relationships amongst B availability and 

the existence of Ca ions. High levels of Ca at high pH reduce the B uptake in plants 

(Goldberg, 1997; Gupta and MacLeod, 1977; Mortvedt et al., 1999). This is the clear 

reason/fact that high B levels in calcareous soils do not produce B toxicity in crops, 

which might be toxic in other than calcareous conditions. Boron application significantly 

affects the sugar beet and bitter orange in calcareous sandy soils (Hagin and Tucker, 

1982; Ouellette, 1958). 

Cotton and wheat yields in Pakistan have been stagnated throughout the ex-

decade due to improper fertilizer management and non-exploitation of micronutrients 

specially B. Many researchers worked on both of these important crops (cotton and 

wheat) in relation to B application and reported that B application significantly increased 

the yield of cotton (Shelby, 1996; Cassman, 1993; Stewart, 1986) and wheat (Juliano et 

al., 2005; Rerkasem et al., 1997a; Rerkasem and Jamjod, 2001; Huang et al., 2000). In 

U.S.A., at low soil pH, soil applied B increased cotton yields even when B deficiency 

was not apparently shown in plants (Extension Plant and Soil Science, U.S.A., 2000). 

Cotton plants exhibited excellent response to B application at early growth phases, 
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flowering and boll formation stages (Heathecote and Smithson, 1974; Anderson and 

Boswell, 1968; Stewart, 1986; Shelby, 1993; Joham, 1986; Birnbaum et al., 1974; Eaton, 

1955). B deficiency considerably amplifies fruit (boll and square) abscission and 

diminishes leaf net photosynthetic rate, plant height, leaf area, fruiting sites and dry 

matter accumulation during squaring and fruiting (Zhao and Oosterhuis, 2003). 

Oosterhuis and Zhao (2006) revealed that B deficiency at early growth stage significantly 

boosts chlorophyll content in leaf, minimizes carbohydrate transport from leaf to fruit, 

ultimately leaf photosynthetic rate and stomatal conductance is abated. Dordas (2007; 

2006a; 2006b; 2001) performed a series of experiments on sugar beets, alfalfa, cotton and 

squash crops and from his research he revealed that foliar application of B on cotton 

influences seed and lint yield as well as maintains seed quality. He also reported that B 

application thoroughly reinforce the seed quality and yield in all the crops. Anderson and 

Boswell (1972) reported that B application influenced cotton yield, lint quality and 

earliness of harvest. Dugger and Palmer (1980) reported that in cotton ovules that were 

cultured in vitro, B was crucial for fiber growth and development. Howard et al., (1998) 

observed that three-year average lint yields were increased from 5 to 16 % with the 

foliarly B treated plots as compared to the check. In U.S.A., experimentation across the 

cotton (Gossypium hirsutum L.) growing areas of the country has revealed B and N to be 

indispensable nutrients for beneficial cotton production (Abaye et al., 1998). Wheat 

(Triticum aestivum L.) is the world’s leading cereal crop and is unanimously consumed as 

staple food product of almost hundred percent Pakistani nationals as well as about 1/3rd 

population of the world. It contributes 12 % in country’s value addition in agricultural 

GDP and accounts for 37 % of total cropped area, while share in food grain production 

and consumption are 70 and 80 %, respectively. As primary diet, 50 % of total calories 

and proteins and 8 % fats come from wheat alone (Munir et al., 2002; NFDC, 2007). The 

present wheat requirement of the country is > 20 million tones (Production of wheat 

during 2006-07 was ~23 million tones). 

According to Sutton et al., (2007), both low and toxic soil B concentrations, 

globally, exhibited the familiar limitations to crop production. B deficiency in cold 

temperature transmits sterility problems in wheat and severe yield losses have been 

reported (Subedi et al. 1997b, 1998b; Chhipa and Lal, 1989). Rerkasem and Jamjod 
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(2001) reported that plant response to low B in the soil varied widely among species, and 

among genotypes within a species. Many researchers reported that soils in Taiwan are 

low in available B and crops grown on these soils are liable to suffer from B deficiency 

(Ho, 2001; 1988; Lee, 1995; Chang, 1993; Chang et al., 1983; 1992; Juang, 1991; Yang, 

1960a). There are many studies, which revealed that wheat crop significantly responded 

to B application in low B calcareous soils (Soylu et al., 2005; Jahiruddin et al., 1998). 

Juliano et al., (2005) evaluated that wheat and triticale responded significantly to B and 

highest B absorption occurred in wheat.  

B also exists in a significant amount in drinking and irrigation waters (Aydin and 

Seferoglu, 2000; CDPHE, 1997; Alberta Environment, 1999), whether it is canal or tube 

well, so in the soil, B is added through irrigation water but in Pakistan this nutrient has 

profoundly been overlooked for plant and human health preservation and freedom from 

disease. The predominant form of B in water is boric acid. In natural waters, B exists 

primarily as un-dissociated boric acid with some borate ions (Eaton, 1935; Hem, 1985; 

Bingham and Garber, 1970a). In New Zealand and Australia, there are specific 

declarations or guidelines for aquatic and fresh water qualities (Anzeccm and Armcanz. 

2000; Kelly et al., 2001; Stevens et al., 2003b). As a group, the B-O (Boron-Oxygen 

bond) compounds are sufficiently soluble in water to achieve the levels that have been 

acquired (Sprague, 1972). Natural weathering of B-containing rocks is a major source of 

B compounds in water (Butterwick et al., 1989). Long-term use of irrigation water 

containing more than 0.50 mg B L-1 can decline the yields of bean, onion, garlic, and 

strawberry; 0.70 mg B L-1 can reduce the yields of broccoli, carrot, potato, and lettuce 

and concentrations greater than 2 ppm can reduce yields of cabbage and cauliflower (Rowe 

and Abdel-Magid, 1995; Ayars et al., 1994; Stevens et al., 2003b). 

Scofield (1935) classified irrigation water in terms of their B concentrations in such 

away that waters containing < 0.33 mg B L-1 is "very good" for plants which are sus ceptible 

to B, the range 0.33 - 0.67, 0.67-1 and 1.0-2.0 mg B L-1 is good, usable (for unsus-ceptible 

plants) and inadvisable whilst over 2.0 mg B L-1 is absolutely un-usable (Bingham, 1973). 

Mance et al., (1988) described B as a substantial element of seawater with mean B 

concentration of 4.50 mg kg-1. Indus and five other rivers are prime contributors of Pakistan’s 

canal system. The water travels a long distance by way of abrupt hilly areas and carries many 
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dissolved salts of mineral nutrients including B along with silt, clay and sand particles (Nisar 

et al., 2005). A survey of U.S.A. surface waters detected B in 98 % of 1577 samples at 

concentration ranging from 0.001 to 5 mg L-1. Underground water B concentrations are more 

than surface waters (Reboll et al., 2000). Boron concentrations in drinking and treated waste 

water from the city of Santa Rosa (U.S.A.) is 0.20 and 0.53 mg L-1, respectively (Bain and 

Esmaili, 1976) while in Broadview water District (San Joaquin valley, CA, U.S.A.) in fresh 

canal water, captured drainage water and mixed supply water were 0.19, 2.19 and 1.55 mg B 

L-1, respectively (FAO, 2005; Tanji et al., 1990; Tanji, 1970; 1976; CDPHE, 1997). 

Many soil scientists executed experiments on B fractionation by using selective soil 

extractants and they evolved different fractionation plans to conclude the B distribution in 

soil (Hou et al., 1994, 1996; Jin et al., 1987; 1988). In soil mass, B is distributed in various 

soil components like soil solution, organic matter and clay minerals. Readily available B in 

soil solution is known as plant uptake B, nevertheless this B brand hardly represents < 3% of 

entire soil B (Tsadilas, 1994; Jin et al., 1987). Recent studies also clearly indicated that 

residual B comprised the leading fraction up to 78.75% (Zerrari et al., 1999). Other studies 

revealed various extraction procedures from soil to determine B concentration in soil (Datta, 

1996). B in soils varied from 10 to 300 mg kg-1 (average 30 mg kg-1), depending on the type 

of soil, rainfall and organic matter status of soil (Whetstone et al., 1942). B levels in few 

U.S.A. soils were reported as 26 mg kg-1, with maximum level of 300 mg kg-1 (Eckel and 

Langley, 1988). The world’s two leading B compounds producers and exporters are Turkey 

and U.S.A (USGS, 2004). Plant kingdom (monocots and dicots) vary in their B requirements, 

but the narrow range between B deficiency and toxicity makes it an exceptional nutrient 

(Miwa et al., 2007; Chapman and Vanselow, 1955; Chang, 1993; Chang et al., 1983; 1992; 

Eaton, 1944).  

Both deficient and toxic levels of B in the soil solution can occur during a single 

growing season (Reisenauer et al., 1973). In arid and semi-arid areas, B toxicity results from 

high levels of B in soils (Miwa et al., 2007; Aitken and McCallum, 1988) and from additions 

of B via the irrigation water (Ferreyra et al., 1997; Nable et al., 1997; Stevens et al., 2003b). 

Therefore, scientists also exploit B nutrient as single or multiple foliar application in low 

concentration (Blevins et al., 1996). In recent years, elemental B gain significant place in 

human beings due to its crucial role in bone building and strengthening (as it raise the Ca 
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absorption from food and minimizes its body excretion), assemble mass of muscles, boost 

brain activity (by improving mental performance), influence cholesterol production, sustain 

the immune structure and enhance energy consumption (Nielsen et al., 2007; Nielsen et al., 

2005; Hunt, 2001). Studies also advocated that B shortfall in body easily leads to syndromes 

of arthritis, osteoporosis and other skeleton disorders (Nielsen, 2007; 2004; 1996). Few 

sportspersons and bodybuilders utilize B supplements as a muscle-assembling moderator 

because it has the potential to raise male hormone (testosterone) levels (Nielsen, et al., 1987). 

Fruits (especially banana, dates, almonds, peanuts, pears, apples, peaches, grapes, and 

raisins), vegetables (leafy and beans), honey, drinking (bottled) water, Beer and wine are 

acknowledged as good sources of B while meats, dairy products and cereals are poor sources 

of B for humans (Hunt, 2006; 2001; 1991; Hunt et al., 2005; Anderson et al., 1994b; 

CDPHE, 1997). Boron in soil system occurs in soil solution, from where it has taken up by 

plants through root via mass flow. It has lot of reactions with soil properties like calcium 

carbonates, pH, clay content (texture) and organic matter content. Further, boron in soil 

system can be added through irrigation water (either canal or tubewell waters). Therefore, in 

the soil system boron has particular dyanimics in alkaline calcareous soils specifically when 

we study its availability under wheat-cotton cropping system. So keeping in view the 

importance and significance of boron in crop nutrition especially under wheat-cotton 

cropping system, this research project was initiated- 

� to explore and build up the reliable information about B status of soils as affected by 

different soil properties including alkaline pH, high CaCO3 contents, variable texture 

and low organic matter contents under canal and tube well irrigated areas of Punjab. 

� to quantify the B contents in irrigation water and also determine the additions of B 

contents through canal and tubewell irrigations. 

� to assess the various B fractions present in alkaline calcareous   soils by performing 

fractionation procedures for boron. 

� to assess the responses of cotton and wheat crops to B application as soil and foliar 

applications in high pH calcareous soils of Pakistan and finally 

� to determine the residual or carry-over effects of B (if any) on wheat crop applied to 

previous cotton crop. 
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REVIEW OF LITERATURE 

 

Over the past 40 years, per capita world food production has grown by 25 %, with 

average cereal yields intensifying from 1.20 to 2.52 t ha−1 in developing countries (to 

1.71 t ha−1 on rainfed lands and to 3.82 t ha−1 on irrigated lands), and annual cereal 

production up from 420 to 1176 million tonnes (FAO, 2000). For healthier agricultural 

progress, there are three tactical alternatives if food supply is to be improved. These are 

conservation or expansion of the area under agriculture and intensify per hectare 

production. However, by converting and adapting new lands to agriculture, a 

consequential problem is appeared in the form of losses of ecosystem services from 

forests, grasslands and other areas of important biodiversity. Intellectual potential is 

always an influential means for evolution. Hi-tech advancement and scientific precision 

revolutionize every field of human endeavor as well as food crop production and 

agriculture (Alexandratos, 1995; FAO, 1999). 

Pakistan is one of the largest countries in Asia in terms of land area and 

population. The country covers a large variety of agro-ecological zones ranging from 

coastal areas in the south to the Himalayan Mountains in the north. Hence, it has great 

capacity for producing a wide range of food commodities. Most of Pakistan is classified 

as arid or semi-arid, so the agricultural sector is highly dependent on water supply 

through either irrigation or water harvesting. In 2003, 72 percent of Pakistan’s 

agricultural area was irrigated (FAO, 2006). Pakistan has the largest network of irrigation 

canals in the world, distributing water from the three major basins in Punjab province. 

Lack of water is one of the major constraints to agricultural growth in Pakistan. During 

the drought of 2000–01, for example, the total production of wheat and rice declined by 

10 and 19 percent, respectively (FAO, 2006). Under existing food supply scenario, a 

gigantic food crop production plan is a dire need of the time. To meet the food demand of 

the world population in 2020, annual cereal production needs to increase by 40 %, from 

1773 billion tonnes in 1993 to nearly 2500 billion tonnes in 2020 (Rosegrant and Cai, 

2000; Rosegrant et al., 1999, 2001; Rosegrant and Svendsen, 1993). Of this increase in 
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total cereal demand, 85% will come from the developing countries. Others estimates that 

the total world cereal production must rise to 2.7 billion tons (Dyson, 1999) or to nearly 4 

billion tones (Borlaug and Dowswell, 1993) by 2025 to match food requirements of the 

world population (Rosegrant and Svendsen, 1993). The world’s population is expected to 

grow from 6 billion to around 10 billion by 2050. Andersen et al. (1999) reported that 

beyond 800 million people living in the developing countries are starved by meager 

rations accessibility. The dilemma is predominantly prevalent in Asia; about 70 % of the 

malnourished people globally live in Asia, mostly in India and China. Sub-Saharan Africa 

with about 200 million underfed people is another decisive part of the world distress from 

famine. According to the global study by FAO about Asia, the starved population by 

2010, will diminish to 680 million, while in Africa and Asia food deficit will likely persist 

with growing population exaggerated (FAO, 1996, 1999; Rosegrant and Svendsen, 1993; 

Rosegrant et al., 2001; Rosegrant and Cai, 2000). 

Amongst overall malnourished community, kids below the age of 5 years are 

mostly in danger. Recent world data showed that 30 % of children are under-weighted 

which leads to premature death of babies at birth time (Pinstrup-Andersen and Cohen, 

2000; UNDP, 1999). The core dilemma endure is the constraints in the extension of new 

land resources due to escalating scarceness of water, dynamic environmental issues, over-

population per unit area and urbanization. Some researchers reported that by 2020, the 

worldwide area used for crop production will expand by only around 10 % but the food 

crop production will rise up to 60 % (Evenson, 1999). Conversely, current status denoted 

that the crop production growth rate (based on ton ha-1) declined in the previous decade, 

and the expected rate of increase in global food production in the subsequent decades will 

not be achieved (Mifflin, 2000; Rosegrant et al., 2001; Rosegrant and Svendsen, 1993). 

Modern world currently facing a common problem of low soil productivity which is 

further exaggerated by soil degradation due to depletion of macro and micro nutrients, 

water scarcity, salinisation, water and wind erosion, depletion of organic matter, acidity 

and poor drainage (Rosegrant et al., 2001; Gruhn et al., 2000; Pinstrup-Andersen and 

Cohen. 2000). Nearly 40 % of the agricultural land has been affected by soil degradation, 

particularly in Sub-Saharan Africa and Central America (Scherr, 1999). Enhanced soil 

degradation along with slowdown in cereal production contributes to food insecurity and 
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scarceness of water in developing countries (Rosegrant and Cai, 2000; Rosegrant et al., 

1997; Rosegrant and Svendsen, 1993). To meet the challenge of ‘food security’, 

agricultural production must increase on the existing land, and therefore crop production 

must be intensified per unit of agricultural land. Mineral nutrients are the major 

contributor to enhancing crop production, and in maintaining soil productivity and 

preventing soil de-gradation. Generally, improving the nutritional status of plants by 

applying fertilizers and maintaining soil fertility has been the critical step in the doubling 

of food production both in developed and developing countries since the beginning of 

‘Green Revolution’ (Scherr, 1999; Loneragan, 1997).  

2.1 Natural Physico chemical properties of Boron (B)  

The word boron (famous as Burah in Persian, Buraq in Arabic and Bor in 

Turkish) has been documented for thousands of years. The glazes of borax were utilized 

in China from 300 A.D. whilst B-compounds were employed in Egypt for mummification 

and in Rome for glass manufacturing. In 1824, Sir Jons Jakob Berzelius identified B as 

an element and the first American chemist W. Weintruab in 1909 produced pure boron 

(Angew, 1970; Dunitz, 1971). Two foremost boron substances, branded as boric acid 

(H3BO3) and borax (sodium pentaborate decahydrate) were accessible to the researchers 

and farmers in the 1930’s and all the previous information on B utilization relates to them 

(Shorrocks, 1997; 1991; 1992; 1995; Borax, 2002). 

In nature, boron symbolized as (B) never exists in the elemental nature in 

environment. It survives as amalgamation of the 10B (19.78%) and 11B (80.22%) isotopes 

(Budavari et al., 1989). B chemistry is exceptionally complex and is similar to silicon 

(Cotton and Wilkinson, 1988; Evans and Sparks, 1983; Loomis and Durst, 1992). At 

room temperature (~25oC), elemental B persists as a solid form. The crystalline and 

amorphous structures of B have specific gravities of 2.34 and 2.37, respectively. It is a 

moderately inert metalloid in absence of strong oxidizing associates. Hydrolytically 

unstable sodium perborates of B – O – O bonds react with H2O to formulate H2O2 and 

sodium metaborate (NaBO2·nH2O) (Kask and Rawn, 1993). Very weak acid of boric acid 

(H3BO3; pKa of 9.15) and sodium borates which originate generally as undissociated boric 

acid [B(OH)3] in solution when pH is less than 7 whereas metaborate anion B(OH)4 

species produced in solution at pH >10. The toxicological and chemical properties of 
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borax (Na2B4O7.10H2O), boric acid (H3BO3), borax pentahydrate (Na2B4O7·5H2O) and 

other borates are likely to be identical on a molar B equivalent basis when dissolved in 

water (Wikipedia, 2007; Budavari et al., 1989; USGS, 2004). 

2.2 Prevalent B uses and environmental impacts of B  

Everyday plenteous B products like fiberglass, borosilicate glass, enamels, frits, 

glazes, soaps, detergents, flame-retardants and neutron absorbers for nuclear installations 

are created from boric acid and other borates. Borates, boric acid and perborates are also 

exploit in cosmetics, pharmaceuticals (as pH buffers), mild antiseptics, pesticides, boron 

neutron capture therapy (for cancer treatment) and fertilizers. Furthermore, these days a 

B-containing intrinsic antibiotic branded, as boromycin is also prepared from it and is 

isolated from streptomyces (Wikipedia, 2007; USEPA, 2006). 

Vengosh (1998) revealed that B concentration in household wastewater and 

sewage waters was significantly higher in Riverside (California) and Israel. This elevated 

B in sewage and wastewater was owing to Na-tetraborates used in the bath soaps, 

detergents and washing powders. Further, this extra B in wastewaters could not be easily 

treated by traditional methods. Even though the B content in ideal well waters was 

typically less than 0.05 µg ml-1, pollutant resources of sewage or wastewaters were 

comparatively intensified in B (1 µg ml-1). 

Minoia et al., (1987) reported that a substantial B concentration in the communal 

water supplies was a common problem in several areas of Italy, U.S.A. and USSR. In 

animals, constant low B introduction resulted into an inhibition in male reproductive 

system function and ultimately decreased the growth rate. B contact via drinking water or 

air has rarely affected, but the borate dust at the working vicinities is the real threat. 

Similarly, B was also exposed to humans through soaps, powders, pesticides or cosmetics 

and other laundry products. 

Globally the river waters often contained ≥10 ppb of B as B(OH)3 or B(OH)4
- 

(Waggott, 1969). Naturally, B does not with H2O, however water reacted with complex 

of B (B-trifluoride-ethylether) and formulated diethylether-BF3. This chemical released 

or produced various extremely inflammable and volatile gases. Mussels had 4 to 5 mg kg-

1 B while seaweed contained 8 to 15 mg kg-1. B liquefied in water occurred as B(OH)3
- or 

B(OH)4
-, therefore abundant B-compounds are hydrolyzed in H2O (especially the B-tri-
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iodide) and B salts are typically well water-soluble. The water solubility of H3BO3, borax 

and B-trioxide is 57 and 25.2 and 22 g L-1 while B-trifluoride has the least water 

solubility (2.4 g L-1) whereas B-nitrite is entirely water-insoluble (Lenntech, 2007; 

USEPA, 2006). Similarly, B-halogens are robustly water-insecure as compred to H3BO3. 

B is mobile averagely and is transformed gradually therefore it spread hurriedly via 

water. 

Two g ingestion of B fulfill the body requirements of human beings, but 

consumption above 5 g of B caused abnormalities in the stomach, blood clotting, 

diarrhoea, nausea and vomiting whereas ≥ 20 g B ingestion caused death. On occasions, 

H3BO3 produced irritations on the sensitive eyes or skin while contact with B- trifluoride 

resulted into skin –deterioration (USEPA, 2006). Few studies showed that correlation 

existed between the arthritis disease, the drinking water and soil B. Both borax and 

H3BO3 are utilized in medicines in certain amounts. BNCT (boron neutron capture 

therapy) and neutron absorbing characteristics of B are efficiently used in cancer or brain 

tumour treatments (Lenntech, 2007; WHO, 2003). 

2.3 Role of B in animal and human nutrition 

Nielsen (1997) worked on different roles of elemental B in animal and human 

nutrition. He reported that boron gain significant place in human beings due to its crucial 

role in bone building and strengthening (as it raise the Ca absorption from food and 

minimizes its body excretion), assemble mass of muscles, boost brain activity (by 

improving mental performance), influence cholesterol production, sustain the immune 

structure and enhance energy consumption (Nielsen et al., 2007; Hunt, 2001; Hunt, 2001; 

1991; Nielsen et al., 1987).  

B influences the metabolic processes in human body by affecting numerous substances comprising macrominerals, glucose and 
triglycerides, estrogen and proteins and amino acids, oxygen reactive species. B is also engaged in supportive manner in 
numerous compositional or functional body systems comprised of immune system, skeleton and the brain. Moreover, Nielsen 
(1996) recommended on the basis of its beneficial upshots, that an ingestion of ≥1 mg per day is desirable (≥ 13 mg per day is 
toxic limit). He further reported that those diets, which do not have vegetables, legumes, nuts and fruits, may not supply this 
much quantity of B (Nielsen et al., 1987). 

Studies also advocated that B shortfall in body easily leads to syndromes of 

arthritis, osteoporosis and other skeleton disorders. Few sportspersons and bodybuilders 

utilize B supplements as a muscle-assembling moderator because it has the potential to 

raise male hormone (testosterone) levels. Fruits (especially banana, dates, almonds, 

peanuts, pears, apples, peaches, grapes, and raisins), vegetables (leafy and beans), honey, 



29 
 

drinking (bottled) water, Beer and wine are acknowledged as good sources of B while 

meats, dairy products and cereals are poor sources of B for humans (Hunt et al., 2001; 

1991; Hunt, 2006; Anderson et al., 1994b). Nielsen et al., (2007) studied various roles of 

B in human life and he identified and acknowledged elemental B as a constituent with 

practical, clinical and dietetic importance. His findings signifying that B is required or 

favorable for several life cycles including bone enrichment and growth, embryogenesis, 

psychomotor skills, immune function and cognitive functions (Neilsen, 2004). 

2.4 B in water and food sources 

In standard waters, B exists predominantly as undissociated boric acid with some 

borate ions. As a group, the B–O compounds are sufficiently soluble in water to achieve 

the levels that have been observed (Sprague, 1972). Mance et al., (1988) described B as a 

significant constituent of seawater, with an average B concentration of 4.50 mg kg-1. 

Many soils and sediment residues adsorb merely water-soluble B. The terrific mechanism 

which express the B fate in water are adsorption–desorption reactions (Rai et al., 1986). 

The enormity of B adsorption relies on the B concentration in solution and water pH. The 

maximum adsorption is typically observed at pH of 7.50 – 9 (Keren et al., 1985a; 

Waggott, 1969; Keren and Mezuman, 1981; Keren et al., 1981; C.C.M.E. 1999). 

Geographically occurring B is present in groundwater primarily as a result of 

leaching from various rocks and soils containing borates and borosilicates. The standard 

B content of surface and underground water is characteristically small. In surface waters, 

these contents substantially amplified owing to wastewater releases, as borate compounds 

are ingredients of domestic washing agents (ISO, 1996; USGS, 2004). B Concentrations 

in well water all over the planet fluctuate widely, from < 0.30 to >100 mg L-1. In general, 

concentrations of B in Europe were greatest in southern Europe (Italy, Spain) and least in 

northern Europe (Denmark, France, Germany, Netherlands and United Kingdom) (Fox et 

al., 2002; Neal et al., 1998). The largest fraction of the global B overloaded in the oceans, 

with an average concentration of 4.50 mg L-1 (Weast et al., 1985; ISO, 1996).  

The extent of B in water relies on nearness to oceanic coastal areas, geochemical 

makeup of the drainage area as well as access from municipal wastes and industrial 

effluents (Demirel and Yildirim, 2002; Butterwick et al., 1989; Eaton, 1935; Keren, 

2003; Stevens et al., 2003a). In Spain and Italy, B concentrations in groundwater ranged 
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from 0.50 to 1.50 mg L-1, in the United Kingdom and Netherlands it was almost 0.60 mg 

L-1, whilst in France, Germany and Denmark it was 0.3,0.1 and 0.30 mg L-1, respectively 

(WHO, 2003). Monthly average B values in the Ruhr River (Germany), varied from 0.31 

to 0.37 mg L-1 during 1992–1995 (Haberer, 1996). However, B concentrations in fresh 

surface water varied from <0.001 to 2 and 0.01 to 7 mg L-1 in Europe and Russia, 

Pakistan and Turkey (Anonymous, 2001; 1996; Demirel and Yildirim, 2002; Gemici and 

Tarcan, 2002; Fox et al., 2002; Watson et al., 1994), respectively. B Concentrations in 

Japanese and South-African waters grouped as 0.01-0.30 mg L-1. 

Surface water samples from two South American Rivers (Loa River, Chile and 

Rio Arenales, Argentina) situated in B rich soils had B concentrations between 4-26 mg 

L-1 whilst in other localities, the river Rio Arenales contained ≤ 0.30 mg B L-1 (Tollenaar, 

1970). Dewan et al., (1977; 1978) reported significant amounts of B in drinking and 

irrigation water in Yemen. Irrigation water quality in the B Concentrations in waters from 

B laden deposits of North America (USA and Canada) started from 0.02 and go up to 360 

mg B L-1 (C.C.M.E. 1999; Hem, 1985; Eaton, 1935). B Concentrations ascertain in 

drinking water from the United Kingdom, Germany, USA and Chile varied from 0.01 to 

15.0 mg L-1 with mode value of ≤ 0.40 mg B L-1 (WHO, 2003; 1993; 1998a; 1998b 

USEPA, 2008; Minoia et al., 1987). These values are invariable with averages and ranges 

observed for surface and ground waters because of the B leaching from the contiguous 

environs and wastewater releases. Additionally, it is a reality that B is not alienated from 

drinking water by traditional methods of treatment. 

The common public acquires the utmost quantity of B via food intake. 

Concentrations of B reported or discovered in foodstuff later than 1985 have more 

authenticity because of the utilization of innovative and acceptable analytical techniques. 

The prosperous resources of B are vegetables, nuts, fruits, pulses and legumes. Many 

dairy products as meats and fish as well as the majority of cereal grains are insufficient 

sources of elemental B. Based on the recent analyses of foods and food products; 

estimations of daily intakes of various age/sex groups have been made (WHO, 2003; 

2006).  

UCCC (1974) presented several strategic guidelines or criteria’s for 

interpretations of water quality for irrigation purposes in USA. The ECw and TSS of 



31 
 

water had no significant effect on plant growth when their values were <0.70 dS m-1 and 

<450 mg L-1, respectively.  However, water quality is slight to moderate when ECw and 

TSS values ranged from 0.70-3.00 dS m-1 and 450-2000 mg L-1. ECw >3 dS m-1 and TSS 

>2000 mg L-1 caused harmful effects on the plant growth and classified as severe. 

Similarly, B concentrations of 0.70, 0.70-3.00 and above 3 mg B L-1 were classified as 

normal, moderate and severe waters, respectively (UCCC, 1974). 

Few researchers revealed that the calculated mean, 95th-percentile and median 

daily intakes of B were 0.93, 2.19, 0.75 mg per day, respectively, for all groups, and 0.98, 

2.33 and 0.79 mg per day, respectively, for adult aged. However, the American 

researchers (Iyengar et al., 1988) reported that average daily ingestion of B by adult male 

was 1.52 mg per day whilst Anderson et al., (1994) determined the intake to be 1.21 mg 

per day. United Kingdom National Food Survey reported that the dietary intake of boron 

ranged from 0.80 to 1.90 mg per day (MAFF, 1991). It is famous that improve utilization 

of particular foodstuff with luxurious B content will raise B ingestion considerably; for 

instance, single serving of avocado or wine contributes 1.11 mg and 0.42 mg of B, 

respectively (Anderson et al., 1994; GreenFacts, 2006; EHC-204, 1998; Keren, 2003). In 

India, Jain and Saxena (1970) studied the distribution of B and other dissolved salts in 

soils in association with irrigation water and they reported that B in irrigation water had a 

direct relationship with soluble salts present in water. 

Because boron naturally occurs in the environment, boron residue will likely find 

its way into water bodies. Generally, yet, environmental concentrations found in surface 

water are far slighter than acknowledged as lethal to aquatic organisms. In British 

Columbia, median values for B in many surface water samples are nearly 0.01 mg L-1. In 

a dissimilar study from British Columbia, total boron concentration in groundwater 

fluctuated from 0.014 – 4.05 mg L-1 (Wagner, 1996), whereas B in Canadian coastal 

waters ranged from 3.70- 4.30 mg L-1 (Health Canada, 1990). Similarly, few scientists 

reported that the minimum, the maximum and the median detected B concentrations were 

0.006, 4.15 and 0.020 mg B L-1, respectively (sample size 84). Approximately, 90 % 

water samples had ≤ 0.54 mg L-1 (Wagner, 1996).  

Butterwick, et al., (1989) discovered low B concentrations in surface waters of 

Germany, which ranged from 0.001-2.0 mg L-1. In 1992-93, Carmichael (1995) and 
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Wagner, (1996) conducted a study in which they measured dissolved and total B in 245 

samples. Out of 245 samples, in 92 samples dissolved B did not observed whereas in 180 

samples total B was not noticed. The lowest B concentration was in traces and the highest 

was 0.86 mg B L-1. Around 90 % samples measured total B ≤ 0.12 mg B L-1 (Carmichael, 

1995). 

The essentiality of B for growth and development of higher plants was primarily 

acknowledged in 1923 by Warington and lately by Mengel and Kirkby (2001), Marschner 

(1995), Shelp (1993), Shorrocks (1997) and Mortvedt (1991). In Pakistan few researchers 

worked on this essential micronutrient including and they reported its deficiency and 

significant role of boron in plant growth and yield under high pH and calcareous nature of 

soils of Pakistan (Rashid, 1998); Niaz et al., 2002; Ibrahim et al., 2005).  

In a recent Turkish study, Cengiz (2007) revealed that prominent B content (± 

0.50 µg ml-1) occurred geographically in the groundwater of Great Menderes River basin, 

which significantly created toxicity in the soils irrigated by this water. It was also added 

to the soil from irrigation water, fertilizers and mining. Off all the prospective means, 

irrigation water is the first and the foremost transmitter of elevated soil B levels. 

Moreover, high B levels were closely linked with saline well water and saline soil. These 

water reserves of the basin were contaminated by B via geothermal wastewater or 

thermal springs. The upper side of the basin contained higher B and this was due to 

ground thermal water lake. However, during rainy months, the B content was low than 

that of dry season. B concentration varied spatially and higher in up stream than down 

stream. 

2.5 Worldwide B status of soils 

Warington (1923) proved with acknowledged results for the very first time that B 

was an essential plant nutrient in 1923. She conducted experiments on field bean (Vicia 

faba) and accomplished that plants mostly died due to nonexistence of boron in the 

solution culture. Consequently, she suggested that for the renaissance of these plants, B 

was indispensable element (Anon., 1935; 1936). Prior to the results of Warington, 

Agulhon (1910a, 1910b), and Maze (1915), in France established the beneficial effects of 

B on plant growth. Agulhon (1910a, 1910b), for the very first time, presented the 

acknowledged facts about prevalence of B deficit in field and sand culture trials, by 
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suggesting that B encouraged oilseed rape (Brassica napus var. oleifera), turnip (B. rapa), 

maize (Zea mays), oat (Avena sativa), radish (Raphanus sativus) and wheat (Triticum 

aestivum) growth. In contrast, he did not authenticated that the natural plant growth is 

unattainable in B deficit or absence. The results of Maze (1915) revealed that B (likewise 

aluminium, fluorine and iodine) was needed for the utmost growth of maize in solution 

culture. Then again, he did not certify their essentiality but few ancient studies showed its 

essential roles in crop nutrition (Arnon and Stout, 1939). Afterthat era, few other studies 

showed its importance in many crops (Dregne and Powers, 1942). 

In different Russian states (like Latvia, Belarus, Estonia and Russia), most of the 

soils had lowest B levels. Pieve (1959) quoted water soluble B values (mg kg-1) of (0.08–

0.38) in Podzoluvisols, (0.30–0.90) in Kastanozems and (0.38–1.58) in Chernozems. 

While, Gembarzewski (1987), demonstrated that > 50 % of the central and eastern Poland 

soils in 11 counties were acknowledged as extremely small in B (characteristically 

Podzols). In Latvia, almost 40 % of soils were B deficient and these soils were typically 

Podzoluvisols (Anspoks and Liepins, 1987). Likewise, few researchers reported that the 

majority of southern Finland are prone to hold < 0.50 mg B L-1 {hot water soluble boron 

(HWSB)}, moreover he also investigated that soil B contents were more in soils with 

elevated pH and enhanced base exchange capacity (Kurki, 1982; Kiviniemi, 1946; Wikner, 

1983; Veijalainen, 1983). Sobrinho and Freire (1980) recognized that several B 

responsive soils in the Sao Paulo district of Brazil are recognized as latosols (Ferralsols), 

podzolic soil, Luvisols and Acrisols while water soluble B levels are normally < 0.50 mg 

kg-1. In USA, although B deficit has been reported in above 40 states but in Atlantic and 

Gulf of Mexico, Great Lakes vicinity and the Pacific Northwestern provinces, B deficit is 

more prominent owing to the frequency of Acrisols, Podzols and Andosols  (Anon., 

1977; Berger, 1962; Bingham et al., 1971). 

Sillanpaa (1982) performed an esteemed intercontinental estimation regarding 

micronutrient levels on the basis of soil chemical analysis in nearly 30 countries. 

Afterward, he also worked on boron status in wheat-sown areas of Finland and tropical 

and Mediterranean regions of the world (Sillanpaa and Vlek, 1985; Veijalainen, 1983). 

Eight years after that research, Sillanpaa (1990), conducted field investigation in 14 

participating nations including Pakistan to endorse the demand for micronutrients on the 
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main cereal crops like wheat (Triticum aestivum L.), rice (Oryza sativa) and maize (Zea 

mays L.). He reported that out of 14 countries, the soils and crops of eleven countries 

showed good responses to B application. An underlying and severe B deficit was 

acknowledged in 21 and 10 % research investigations, respectively (Sillanpaa, 1990). 

Sillanpaa (1982) further revealed that B toxicity and deficit was intensely begun 

in Pakistan, Mexico, Iraq and Turkey. This was particularly occurred at irrigated places. 

According to this study low B soils comprised of calcareous material (Rendzinas), 

thoroughly weathered soils (Podzols, Ferralsols, Acrisols), coarse textured soils 

(Arenosols), volcanic ash soils (Andosols) and shallow soils (Lithosols). Categorically, 

coarse textured soils and sturdily weathered soil sequester or seize the inconsequential 

quantity of plant available B fraction.  

Zheng et al.,  (1980, 1982a, 1982b, 1989) reported that cultivated soils in east and 

south China assemble the distinct foremost B scarce area of the planet. Especially south of 

Yangtze and several soils in northeastern China are identified due to the proof of B responses 

and soil analysis. The soil maps of China demonstrate vast areas of soils keeping really 

low hot water soluble B levels (<0.25 mg kg-1). In north of the Yangtze, soils developed 

from calcareous and loess alluvium originated from Yellow river, therefore B deficiency 

is commonly intrinsic (Chang, 1993; Chang et al., 1983). Conversely, the arid regions 

soils of western China are B loaded and typically categorized as Lithic Yermosols and 

Lithic Kastanozems (Zheng et al., 1983). Whereas in India, investigations on soil B status 

and crop responses to B application illustrated that outstanding B deficit observed in 

various states. 

In Egypt and Syria, widespread B deficiencies were reported by many researchers 

(Elseewi and Elmalky, 1979; Elseewi, 1974) and it varied spatially (Ryan et al., 1998). 

Moreover, they measured concentrations of B in waters and soils of Egypt. Some studies 

showed that fly ash had significant consequences on physico-chemical properties of soils 

as well as yield, and concentration in plants (Gutenmann et al., 1979; Elseewi et al., 

1980a; 1980b).  

Will (1971) reported that B deficiency occurred in soils of New Zealand and 

especially this was noted in the forest of pine. Sakal and Singh (1995) identified Bihar, 

Orissa, Meghalaya, Karnataka, West Bengal, Assam and Gujarat as predominantly B 
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deficient areas in India. They further reported that in Maharashtra most of soils rarely 

pointed out B deficiency as these soils were created from the basalts of the Deccan Trap. 

Likewise, other Indian researchers also reported B deficiency in soils of India and 

responses of different crops to B application (Sarkar, 2006; Sarkar et al., 2006; Prasad, 

1978; Singh et al., 1976).  

The prevalence of B deficiency on cotton (Gossypium hirsutum) has been 

acknowledged for many years in African countries like Cameroon, Benin, Chad, Ivory 

Coast and Nigeria (Lombin, 1985; Heathecote and Smithson, 1974; Smithson and 

Heathcote, 1976; Smithson, 1972). Whereas the information about soil B in Nigeria is 

entirely missing. Odunze et al., (1992) established 0.32–0.49 mg B kg-1 in Luvisols in 

savannah whilst Lombin (1985) accounted lowest B levels in Nigeria. In case of Europe, 

Northern Europe and Scandinavia (Sweden, Denmark, Norway) some Cambisols, 

Podzols and Luvisols restrain greatly of the B responsive areas especially in Sweden, 

Finland, Germany, Poland and Denmark (Moller, 1983; Wikner, 1983). The reported data 

from European part of the USSR stated that soil B deficiency also occurred in these areas 

(Zyrin and Zborishchuk, 1975).  

In Finland and Sweden, the soil parent materials are almost exclusively 

metamorphic and acid igneous rocks (Kiviniemi, 1946; Moller, 1983; Wikner, 1983; 

Veijalainen, 1983). In Canada, B deficiency most prevalent especially in the province of 

British Columbia on different soils include Luvisols, Podzols, Kastanozems and Okanagan 

valley (Gupta, 1983, 1984a). Similarly, B adsorption caused by ashed soils from volcanic 

activity in Southern Chile was also reported by some scientists (Schalscha et al., 1973). 

2.6 Factors affecting B availability in soil 

Plants obtained all the essential nutrients from soil medium through their roots, 

consequently all the soil properties are directly associated with the availability of 

influential nutrients particularly B. The availability of B is influenced by dynamic soil 

properties including organic matter, texture, cultivation, drought, and microbial activity 

(Mengel and Kirkby, 2001). Similarly, the results of other researchers revealed that there 

was an appreciable relationship amongst SAR, salinity and B on the rice seedling and 

their germination (Paliwal and Mehta, 1973). B moves in all directions in the soil by 
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mass flow of water. Boron availability decreased with increasing pH and most of the total 

soil B is unavailable to plants (Borax, 1998). 

In diverse soils, a small quantity of B is gradually complexed within organic 

matter (Yermiyaho et al., 1995; Gu and Lowe, 1990) adsorbed on clays (Bingham 1971; 

Keren et al., 1972; Hingston, 1964) and to some extent it is precipitated with CaCO3 and 

is quite unavailable for plant growth (Shorrocks, 1997). Sandy soil (coarse texture) that is 

well drained is most likely to be B deficient because of leaching (Ouellette, 1958; Rashid, 

1995; 1996 b). In Pakistan, a numeral soil provisions and execution of farming practices 

are liable to stimulate boron deficiency, comprising high soil pH, calcareous soils (high 

CaCO3 content), low OM and use of fertilizers poor in boron.  

Fertilizer efficiency is incredibly low in Pakistan because majority of soils are 

alkaline in reaction (high pH) and calcareous in nature (Niaz et al., 2002; Ahmad and 

Rashid, 2003; NFDC, 2006; Gop, 2006). About 50 % of the cotton area and cotton plants 

are thought to suffer from B deficiency (Rashid et al., 1997). Field research in Pakistan 

have demonstrated yield increases to B on several crops, including wheat, rice, maize, 

groundnuts, tobacco, and potato. There was 14 %, 19 % and 20 % yield increases due to 

B in wheat, rice, and maize respectively (Rashid, 2005). A significant amount of B is also 

present in drinking and irrigation waters whether it is canal or tubewell water, so in the 

soil, B is added through irrigation water. According to a worldwide study on 

micronutrients, in Pakistan 49 % area of Punjab was B deficient (Sillanpaa, 1990; Ryan et 

al., 1977). 

2.6.1 Effect of CaCO3 on B availibility 

  Retention of B on calcium carbonate occurs via an adsorption mechanism 

(Ichikuni and Kikuchi, 1972; Scott et al., 1975). The mechanism could be 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; Tanaka, 1967). 

Boron adsorption on reference calcites increased with increasing solution pH from 

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

from pH 10 to 11 (Goldberg and Forster, 1991; Communar et al., 2004). Application of 
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lime increases B fixation by soils because it raises the soil solution pH (Elseewi, 1974, 

Elseewi and Elmalky 1979; Lehto and Malkonen, 1994; Mandal et al., 1993). 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). Magnitude of B adsorption on clay minerals is 

affected by the exchangeable cation (Keren and Gast, 1981, Keren and Mezuman, 1981 

and Keren and O’Connor, 1982; Evans, 1987). 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 adsorption in the presence of 

calcium is the formation and adsorption of the calcium borate ion pair (Mattigod et al., 

1985). Indian literature also showed that some soil factors directly influenced the B 

availability and these also were responsible for B adsorption (Sarkar, 2006; Prasad, 

1978).   

According to some studies, B sorption heightens due to elevated levels of calcite 

in soil and liming diminished the water-soluble B content of soils (Goldberg and Forster, 

1991; Lehto and Malkonen, 1994). In Pakistani soils, some amount of B is adsorbed on 

clays or gradually complexed within organic matter (Rashid, 2005; Yermiyaho et al., 

1995; Gu and Lowe, 1990; Frederickson and Reynolds, 1959) and to some extent it is 

precipitated with CaCO3 and is quite unavailable for plant growth (Shorrocks, 1997; 

Goldberg, 1997). Fertilizer efficiency is incredibly low in Pakistan because majority of 

soils are alkaline in reaction (high pH) and calcareous in nature (GoP, 2006; Rashid, 

2005). CaCO3 also acts as B adsorbing medium in calcareous soils because it raises the 

soil solution pH (Elseewi and Elmalky, 1979). B adsorption was greater on soils having 
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higher CaCO3 (Elrashidi and O’Connor, 1982). This B adsorption is due to the bonding of 

B with CaCO3 which results into precipitation of Ca-borate or substitution of Carbon by 

B in CaCO3 or simple surface adsorption of B on CaCO3 (Goldberg and Forster, 1991; 

Cox and Reid, 1964; Keren and Ben-Hur, 2003). 

2.6.2 Effect of pH on B availability 

Soil pH affects plant growth and nutrient availability, therefore B at high pH is 

less available to plant specially cotton and wheat (Rashid, 2005; 1996; Communar and 

Keren, 2006). Soluble B content in soils was highly significantly correlated with solution 

pH (Elrashidi and O’Connor, 1982). In Pakistan, the pH value of most soils is more than 

7.00 therefore; a widespread B deficiency was noted (Sillanpaa, 1990; Rashid, 2005). 

Some studies showed that pyrophyllitic soils and different ions played a significant role 

in B adsorption in relation to pH (Keren and Sparks, 1994a; Communar and Keren, 

2006). Moreover, B adsorption-desorption kinetics and equilibrium in soil solution in 

association with pyrophyllitic soils has also been discovered by researchers (Keren et al., 

1994b). Similarly Keren et al., (1981) revealed that pH had a specific role in adsorption 

of B in sodium montmorilonitic clay soils. 

 In a most recent study, few researchers revealed that calcite is typically utilized 

to raise pH of soil however it maximized soil B fixation (Chen et al., 2009). They further 

investigated that adsorption of B straightforwardly amplified with elevation in pH and 

soil pH had certain impacts on adsorption and desorption hysteresis of soils. Rodriguez et 

al., (2001) revealed that pH had certain impacts on B removal in de-salination and 

reverse-osmosis reactions or processes. Some researchers revealed that B retention by 

hydroxy Al and Fe was absolutely pH reliant and greatest retention was occurred at 

alkaline pH (Sims and Bingham, 1968a). Moreover, aging considerably decreased B 

retention by these materials (Evans, 1987). It was accomplished that the hydroxyl ions in 

these solutions encouraged hydrolysis of the precipitates of hydroxy-Al and -Fe, 

consequentially B (as borate ions) released from the precipitates. 

Bingham (1985) concludes that enhancement in pH > 7 resulted in abrupt decline in 

B absorption by plants. At pH 6.0, modifications in substrate temperature, addition of 2,4-

DNP and KCN, salt level and composition failed to wield any consequences on B 

absorption. These results clearly signified that B absorption is non-metabolic, physical 
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procedure performing in response to concentration gradient of B and that H3BO3 is favored 

for absorption. Bingham and Page (1970) studied quantities of B adsorbed by the soil from 

a 4.80 mM B solution at pH 6 and 8.5 that included SO4 or PO4 ions in variable 

concentrations up to 0.1M Soil pretreatment by repetitive saturation with 1.42 mM silica 

(Si) solution resulted in an insignificant reduction in the magnitude of B adsorbed 

consequently from the 4.8 mM B solution. 

Several reports showed that pH directly controlled the B availibilty to higher plants 

and B adsorption on primary soil particles (sand, silt or clay) enhances with pH (particularly 

at pH 5 - 9). Necessarily this means that the greater the pH, the more firmly adsorbed the B 

to soil. Consequently, with each unit rise in pH, B turns into gradually more unavailable to 

the plants (ALBION, 2003). 

Soil pH has specific impacts on B availability more in terms of sorption reactions 

than by formation of fewer soluble compounds. Mortvedt et al., (1999) reported that at 

pH range of 5.5 – 7.50, the ability of B is highest. Boron is sorbed to Fe and Al oxides in 

soils and its availability is lowest at pH range 6-9. Numerous studies explained that there 

were relationships amongst the existence of Ca ions and B availability and higher Ca 

levels at elevated pH lessen the B uptake in plants. This is the clear reason/fact that high 

B levels in calcareous soils do not produce B toxicity in crops which might be toxic in 

other than calcareous conditions. Boron application significantly affects the sugar beet 

and bitter orange in calcareous sandy soils (Hagin and Tucker, 1982). 

Boron availability decreased with increasing pH and most of the total soil B is 

unavailable to plants (Borax, 1998; Kubota et al., 1948). In diverse soils, a small quantity of 

B is gradually complexed within organic matter (Yermiyaho et al., 1995; 1988; Gu and 

Lowe, 1990) adsorbed on clays (Bingham 1971; Keren et al., 1972; Frederickson and 

Reynolds, 1959; Hingston, 1964) and to some extent it is precipitated with CaCO3 and is 

quite unavailable for plant growth (Shorrocks, 1997). 

2.6.3 Effect of organic matter (OM) on B availability 

Organic matter is an important soil constituent affecting the availability of B. This 

is considered as the leading source of reserve B because it complexes with B to remove it 

from the soil solution when the levels are high after B fertilization (Borax, 1998). It then 

re-supplies the soil solution to sustain ample levels when B is removed by crops or 
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leaching occurred. Soil organic matter adsorbs more B than mineral soil constituents on a 

weight basis (Gu and Lowe, 1990). Boron adsorption on an organic soil (Mengel and 

Kirkby, 2001) and composted organic matter increased with increasing pH (Yermiyahu et 

al., 1995). Adsorption of B on 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). 

Communar and Keren (2008) studied different impacts of dissolved organic 

matter (DOM) and treated sewage effluents on B adsorption in soil. They revealed that 

concentrations of micro and macro elements with organic matter amplified in treated 

sewage waste-matter via their complexation at pH of 7.70. The influences of humus on 

adsorption of B were more than that of DOM. Moreover, DOM formed various 

complexes with free soil solution-B. Consequently, soil B concentration significantly 

reduced as the total DOM concentration increased.  

Many researchers conducted experiments on organic matter (OM) in relation to 

available B fraction and they concluded that organic matters straightforwardly bestow an 

imperative responsibility in controlling the soil solution B concentration and there was a 

significant role of OM in de-sorption or adsorption of B in soils  (Marzadori et al., 1991). 

Furthermore, OM had a significant outcome on dropping B removal by plants (Yermiyahu, 

2001). Yermiyaho et al., (1988) conducted an experiment on B sorption on composted 

organic matter and their results showed that at pH 8.0, the extent of sorbed B enhanced by 

almost 57 %. They also determined the sorption isotherms of B on organic matter at three 

pH levels of soil 7.0, 7.90, and 8.90. The sorption improved with high pH and growing B 

concentration in solution. The compost restrained 158 g kg–1 and 56 g kg–1 of humic acid 

and fulvic acid, respectively, adding together 21.40 % of the OM. They further concluded 

that at pH 8, the amount of sorbed B increased by about 57 %. The sorption of B nutrient 

enhanced with increasing its concentration in solution and pH.  

Likewise, Yermiyahu (2001) studied the functions of soil OM content on B uptake 

by bell pepper along with soil solution B concentration. He revealed that OM significantly 

affected B uptake by plants. Moreover he reported that uptake of B by plant is relatively 

controlled by soil solution B levels than total soil B content. The OM was primed from the 

solid proportion of alienated straw-containing livestock dung. He categorized it as mature 

compost (COM). On the commencement of the trial, B concentration in the soil solution 
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diminished with improving rates of COM and ultimately growing levels of COM guided to 

smaller amount of B in the leaf tissues. This decline in B concentration was more at 

elevated levels of B application. Similarly, the consequences of COM level on plant B 

concentration were too enormous at highest B application levels. Adjusted soil solution B 

concentration was positively correlated with the leaf B concentration. 

2.6.4 Role of soil texture in adsorption of B  

Few studies showed that adsorption of B by clay-minerals was a two-step 

progression in which B adsorbs primarily onto the particle borders (Couch and Grim, 

1968; Keren et al., 1985b), consequently move about, and integrate compositionally into 

tetra-hedral locations by substituting Al and Si (Fleet, 1965; Harder, 1961). The 

configuration of adsorption of B is supposed as ligand replacement with exterior OH-

groups on the clay particle margins (Keren et al., 1994; Keren and Sparks, 1994; 

Goldberg et al., 1993b; Couch and Grim, 1968; Keren and Talpaz, 1984). 

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 (Communar and Keren, 2006; Biggar and Fireman, 1960; Goldberg and 

Glaubig, 1986a; Nicholaichuk et al., 1988; Singh, 1976).  

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 consists of a fast adsorption reaction and a slow fixation 

reaction. Short-lived, experiments have publicized that B adsorption accomplished 

equilibrium in ≤ 24 hours (or one day). Interminable or longterm assessments showed 

that after six-months of reaction time, B-fixation on soil particles enhanced (Harder, 

1961; Jasmund and Lindner, 1973; Keren et al., 1985b).  

 

2.6.5 Effect of soil moisture on B adsorption 

In an excellent study, Gupta (1968) revealed that adsorption of B was reliant on 

equivalences and symmetries in soil water content ranged from 50-100 % of FC (field 

capacity). Conversely, the findings of Mezuman and Keren, (1981) showed that B 



42 
 

adsorption enhanced with declining moisture content. Further, few scientist also worked 

on wetting and drying cycles in relation to B adsorption and they illustrated that it 

enlarged with boost in wetting and drying rotations (Biggar and Fireman, 1960; Keren 

and Gast, 1981). The impacts of drying turned into distinct with intensifying B additions 

(Biggar and Fireman, 1960; Hobbs and Bertramson, 1949).  

 

2.6.6 Role of temperature in B availability and adsorption 

The consequences of high and low temperatures on B adsorption by clays have 

been reported by many scientists (Keren and Gast, 1981; Singh, 1971; Harder, 1961; 

Jasmund and Lindner, 1973; Couch and Grim, 1968; Goldberg et al., 1993a) and they 

revealed that adsorption mechanism enhanced with rising 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 especially when it varied from 10 to 400 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 400 C (Bingham et al., 1971; Keren and Gast, 1981). 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; Keren and Gast, 1983). Boron 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 is exothermic while the subsequent B fixation 

reaction is endothermic. 
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2.6.7 B adsorption and competing ions  

Many contending ions such as SiO4, PO4, oxalate and sulfate dwindled the extent 

of adsorption of B on certain oxides (Choi and Chen, 1979; Bloesch et al., 1987). Some 

studies revealed that in the case of phosphate (Metwally et al., 1974) and sulfate, B 

adsorption was significant and inconsequential, respectively (Bloesch et al., 1987). The 

results of Metwally et al., (1974) showed that the potential of competing ions to leach 

adsorbed B from some oxides enhanced in the order of: phosphate >sulfate arsenate> 

chloride and considerable SiO4-adsorption created hardly an insignificant decline in 

adsorption of B by Al-oxide revealing that a little B sorption spots exhibit B tendency 

(Goldberg and Glaubig, 1988). 

2.6.8 Effect of oxides on B availability 

B adsorption on Fe and Al oxides increased with increasing pH 6-8 for Al and 7-9 

for Fe oxides (Keren and O'Connor, 1982; Borax, 1998; Goldberg et al., 1993). The 

mechanism of B adsorption on Al and Fe oxide minerals is considered to be ligand 

exchange with reactive surface OH- groups (Goldberg et al., 1993). B is adsorbed via 

ligand exchange as both B(OH)3
0 and B(OH)4

- species on amorphous Al and Fe oxide 

(Borax, 1998).  

2.7 Processes of B-adsorption in soils 

Bingham (1971) developed adsorption characteristics and revealed that Langmuir 

adsorption equation was satisfactorily described the B adsorption. Greater adsorption 

maxima were observed for soils derived from other kinds of parent materials. Rise in 

temperature from 10 to 40oC influence B adsorption to some extent and the highest 

adsorption took place at pH 8 to 9.  

B adsorption by both the Hawaiian and Mexican soils was considerably correlated 

with amorphous Al2O3 and amorphous Al2O3 + SiO2 (Okazaki and Chao, 1968). In 

contrast, elevated correlation coefficients were attained between percent amorphous 

Al 2O3 and B-adsorption, conversely insignificant correlations were found between free 

F2O3 and amorphous SiO2, and B adsorption. Similarly, few other researchers also 

developed B adsorption isotherms by using soil column displacement (Communar et al., 

2004).  
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Perkins (2000) studied the effect of moisture content on soil B adsorption and soil 

solution B concentration. He developed equations of concentration-adsorption-moisture 

(CAM equations) and these CAM equations were applied to evaluate the deviation in B 

concentration as a function of water content for three mine-spoils. Both Langmuir and 

Freundlich equations were determined to the CAM equations against experimentally 

assessed B concentrations of the minespoils at 200 to 1200 L m-3 moisture contents. Both 

isotherm models regarding CAM equations clarify the determined difference in B 

concentration as a function of moisture content to an excellent degree of precision. 

Freundlich isotherm model to the CAM equations for two minespoils exhibit the best fit 

to experimental data whilst Langmuir model was best fit for only one minespoil the to the 

CAM equations.  

Likewise, Sims and Bingham (1971) reported that B retention took place by 

sesquioxides, soil materials and layer silicates. Generally, B-retention by these clays was 

accredited to hydroxy Al and Fe-compounds occurring in the samples as impurities 

(Evans, 1987). They determined different solution B concentrations varying from 0 to 

hundreds mg B kg-1.  

In a similar kind of research, Sims and Bingham (1985) studied B retention by some 

Fe and Al coated layer silicates, sesquioxides, and other soil materials of South African 

vermiculite as a function of pH. Their results showed that kaolinite (coated with hydroxy-

Fe-compounds) primarily declined B retention in contrast to uncoated kaolinite. But, as 

the quantity of Fe2O3-coating was enhanced up to 4.20 %, B retained was somewhat 

higher than that occluded by uncoated kaolinite.  

B retention by uncoated clays was significantly lower than that of iron + aluminum 

coated and alone Al-coated kaolinite montmorillonite. The uppermost positive 

correlations with 1 N KCl extractable Al2O3 and free Fe2O3 content were established with 

B retention. They also revealed that this B retention by soil materials was in mainly due 

to free Fe2O3 and aluminum oxide contents. Sims and Bingham (1968b) revealed that B 

retention by hydroxy Al and Fe was absolutely pH reliant and greatest retention was 

occurred at alkaline pH. Moreover, aging considerably decreased B retention by these 

materials (Evans, 1987). It was accomplished that the hydroxyl ions in these solutions 
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encouraged hydrolysis of the precipitates of hydroxy-Al and -Fe, consequentially B (as 

borate ions) released from the precipitates. 

2.8 Boron fractions present in soils 

Many soil scientists conducted experiments on B fractionation by using selective 

soil extractants and they evolved different fractionation build up to conclude the B 

distribution in soil (Hou et al., 1994, 1996; Jin et al., 1987). Fractionation of soil B 

exhibited an insight into its diverse forms in which B is founded in soil, B dynamics, 

bioavailability (specially B availability to wheat and cotton plants under high pH and 

calcareous soil conditions) and other environment hazardous implications (Scott et al., 

1975). In soil mass, B is distributed in various soil components like soil solution, organic 

matter and clay minerals. Readily available B in soil solution is known as plant uptake B, 

nevertheless this B brand hardly represent < 3% of entire soil B (Tsadilas, 1994; Jin et 

al., 1987; Russell, 1973). Recent studies also clearly indicated that residual B constituted 

the most important fraction at 78.75% (Zerrari et al., 1999). Datta (1996) reported 

various extraction procedures from soil to determine B concentration in soil. Plants vary 

in their B requirement, but the range between deficient and toxic soil solution concentra-

tions for B is lesser than for any other nutrient element. 

Katyal et al., (2004), reported that total average B content in Indian soils differed 

from 3.80-630 mg B kg-1 and this total B content had no any significance to plant 

availability. They analyzed 36825 soil samples, and reported that 33 % were deficient in 

available B. According to them, many crops responded to B application in different agro-

ecological provinces of India (Sarkar, 2006). 

Rahmatullah et al., (1999) conducted field and greenhouse experiments to assess the 

importance of B distribution in calcareous soils as it influenced its bioavailability and 

discharge for plant utilization. Out of nine soils employed in this investigation, 8 soils were 

medium textured and exceptionally low in OM content. Except the Shahdara series (tested 

at 0.30 mg kg-1), hot water soluble B passed its critical boundary of 0.50 mg kg-1 in all 

soils. Total B content ranged from 31-41 mg kg-1 while non-specifically adsorbed B 

(extracted by CaCl2), specifically adsorbed B (extracted by mannitol), B occluded in Mn-

hydroxides (extracted by HCl-NH2OH) and B occluded in non-crystalline Al and Fe oxy-
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hydroxides (extracted by NH2-oxalate) were 1.20 %, 17.40, 55.90 % and 10.50 to 23.80 % 

of total soil B, respectively. 

Hot water soluble boron (HWSB) content was less in ignored soil than finely 

supervised soils. They also revealed that soil OM and HWSB were significantly correlated 

(at P < 0.01) with total B. Elevated soil B quantities were fixed during 8 to 12 weeks than 

after 2 to 4 weeks of incubation periods. An elevated proportion of boron was fixed or 

adsorbed in the sandy clay loam (O’Leary) followed by sandy loam soil (Dunstaffnage) 

with each practice of incubation. Above a twelve-week period, altering the soil moisture 

content from 50 to 100 % of the field capacity had no influence on fixed B. The maximum 

HWSB amounts were witnessed in Caribou silt loam, Acadia silty clay loam and silt loam 

to Interval loam to soil series while it was relatively minimum in Permo-carboniferous 

rocks derived soils (Gupta, 1969; Ho and Houng, 1991). Similarly, he developed an 

important correlation between hot water extractable B and total soil B together with 

fixation of supplemental B. He reported that hot-water soluble and total B content of soils 

respectively fluctuated from 0.38-4.67 and 45-124 mg kg-1. Usually the B content was 

uppermost in heavy textured and slightest in light textured sandy soils. HWSB fraction 

changed from 0.44 to 4.69 % of total soil B, with the negligible proportion in the coarser 

soils and greatest in the finer soils. Likewise, some other researchers also reported HWSB 

content in Taiwanese soils (Ho and Houng. 1991; Lee, 1995; Yang, 1960a).  

In a different study, Gupta and Cutcliffe (1972) conducted green house and field 

experiments on various consequences of B and lime on leaf tissue Ca:B ratios, B 

concentrations and brown-heart of rutabaga. Greenhouse study involved six B levels and 

four lime levels, whilst field trials at two sites implicated five B levels and three levels of 

lime on rutabaga. In B deficiency conditions, brown heart of rutabaga was more stringent at 

elevated pH than at low pH. The outcome of lime on the emergence of B deficiency 

symptoms was a physiological result in the plant than a soil chemical reaction. However, B 

concentrations of leaf tissue declined by lime applications (Hill and Morrill, 1975). 

Under field environments, liming improved the Ca: B ratio of leaf tissue and 

disproportionate liming guided to B deficit in several soils (Naftel, 1937). In most cases Ca: 

B ratios in the leaf tissue were inversely associated with the HWSB content of the soil. B 

concentrations of 2 to 7 mg kg-1 and Ca: B ratios of 3300-8500 in leaf tissue were directly 
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linked with stern brown heart condition. Leaf tissue concentrations ≥ 40 mg kg-1 and Ca: B 

ratios of ≤ 400 mg kg-1, when the roots commenced to expand were directly related to roots 

liberate from brown-heart. Spanish studies also showed various relationships amongst Ca, 

K and B in peanut crop (Hill and Morrill, 1975). 

Gupta and Munro (1969) revealed that B content of rutabaga top tissues varied from 6 

to 20 mg kg-1 and lead to constant brown heart condition while insignificant brown heart 

signs were noticed in tissues having 23 mg kg-1. The B content of rutabaga roots was 

somewhat lesser under field than greenhouse conditions, and ≤ 10 mg kg-1 was linked with 

more harsh brown-heart condition whereas the most favorable B content of established 

rutabaga apex tissue was varied from 38 to 140 mg kg-1. Brown heart signs appeared when 

HWSB varied from 0.40 to 1.30 mg kg-1 and approximately 1.30-1.80 mg kg-1 level of 

HWSB in soil happened to be most favorable. A content of ≥ 3.10 mg kg-1 HWSB in soil 

and above 250 mg kg-1 B in the apex tissue was thought to be toxic to some plants. The B 

content of rutabaga tissue exhibited a significant correlation with the HWSB content of 

soils.  

In soil mass, B is distributed in various soil components like soil solution, organic 

matter and clay minerals (Xu et al., 2001) revealed a detailed study about B-fractions in 

13-chinese soils and concluded that non-specifically and specifically adsorbed B 

comprised <1% of total B while residual B is dominant in all soils.  Readily available B in 

soil solution is known as plant uptake B however; this B form only constitutes <3% of 

total soil B (Tsadilas, 1994; Jin et al., 1987). Fractionation of soil B exhibited an insight 

into its various forms in which B is founded in soil, B dynamics, bioavailability (specially 

B availability to wheat and cotton plants under high pH and calcareous soil conditions) 

and other environment hazardous implications. Many soil scientists conducted 

experiment on B fractionation by using different soil extractants and they evolved / 

developed different fraction-schemes to seed determine the B distribution in different 

fractions in soil (Hou et al., 1994, 1996; Jin et al., 1987). 

 Jin et al., (1987) studied B fractionations in relation to its availability to corn in 

14 soils and reported that only 0.34 to o.23 and 0.05 to 0.30 of the total soil B was in 

water-soluble B form, non-specifically adsorbed exchangeable B and specifically 

adsorbed B, respectively. According to Hou et al., (1994, 1996) findings, specifically 
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adsorbed and readily soluble B accounted for only < 2% of the total soil B while 

organically bound B and oxide bound B contained 8.6% and 2.3 %, respectively. Most 

soil B was found in residual or occluded B forms (Hou et al., 1994; 1996; Jin et al., 

1989). Recent studies also clearly indicated that residual B constituted the most important 

fraction at 78.75% (Zerrari et al., 1999). Datta (1996) reported various extraction 

procedures from soil to determine B concentration in soil. Nutrient management in 

calcareous soils differs from that in non-calcareous soils because of the effect of soil pH 

on soil nutrient availability and chemically reactions that affect the loss or fixation of 

almost all nutrients. Zinc, boron, Fe, Mn and Cu deficiencies are common in soils that 

have high CaCO3 due to reduced solubility at alkaline pH values. 

2.9 Reactions and chemistry of B in soil 

Goldberg, (1997) revealed a comprehensive study regarding B reactions in soils. 

According to her, B is a vital plant microelement. Conversely, the chemistry of other 

macro and microelements, there is an exception about B, for the reason that the deficient 

and toxic B concentration ranges are very narrowed. A large amount of B in soil solution 

directly influence plants growth and merely indirectly to B adsorbed on different soil 

components. A lot of soil factors including texture, moisture, pH, temperature, clay 

mineralogy and organic matter exaggerated plant B availability (ALBION, 2003). 

Diverse B adsorbing surfaces in soils comprised clay minerals, organic matter, Fe and Al-

oxides, calcium carbonate and magnesium hydroxide. She also conducted experiments on 

chemical models such as the triple layer model, constant capacitance model and the Stern 

VSC-VSP model and described B adsorption under varying pH and B concentrations 

environments.  

Different B adsorption reactions were also reported by using the Freundlich, 

Langmuir adsorption isotherm equation and the phenomenological Keren model. B 

desorption rate was illustrated by the use of Elovich reaction, power function and first 

order rate equations. She also proved that B desorption reactions frequently showed 

indication of hysteresis. Likewise, other studies also showed various chemical reactions 

of B in soil (Evans and Sparks, 1983; Harder, 1961; 1970; Hingston, 1986; Keren, 1984). 

Krauskopf (1972) reported that micronutrients especially boron has diverse kind of 
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reactions in soils and the biology and chemistry of B in soil is entirely different than other 

micronutrients (Loomis and Durst, 1992). 

Boron had an imperative relationship with soil salinity and higher salts 

concentrations along with B significantly lowered the plant growth. Yermiyahu et al., 

(2008) revealed that both boron and salinity concomitantly affected plant growth either 

through soil or irrigation water. They tested bell pepper (Capsicum annuum L.) at 

dissimilar salinity and B levels in greenhouse. The results showed that minimized B 

uptake was obtained in the presence of chloride (Cl-) and vice versa. 

2.10 Role of B in plant functions 

Boron is one of the mineral nutrients that is required for normal growth of plants 

and is implicated in numerous plant growth functions indirectly or directly as it is drawn-

in evolution of cells in freshly emerging shoot and root, whilst in several crop plants it is 

vital for flowering, pollination, boll formation, seed development and the transport of 

sugar contained by the plant organs (Hu and Brown, 1994; Blevins and Lukaszewski, 

1998; Martin and Thellier, 1993; Loomis and Durst, 1991; Joham, 1986).  

Boron significantly affects the plant growth as it has specific role in sugar 

transport (Marschner, 1995; Dennis and Dennis, 1941; 1943; Miwa et al., 2008), cell wall 

synthesis and lignification (Loomis and Durst, 1991), cell wall structure (Fleischer et al., 

1998), carbohydrate metabolism (Shelp, 1993), RNA metabolism, respiration, indole 

acetic acid metabolism, phenol metabolism and membrane transport. It has also been 

revealed that reproductive growth (Raven, 1980), especially flowering, fruit and seed set 

and seed yield (Zhang et al., 1994), is more sensitive to B deficiency than vegetative 

growth as well as low B can result in plants being functionally male sterile like in wheat 

(Rerkassam, 1996; Rerkassam et al., 1997a; Chhipa and Lal, 1989; Woods, 1996). 

Recently Takano et al., (2008) revealed that B-toxicity and deficit are equally 

the world’s leading agricultural setbacks. Nonetheless, B is indispensable 

micronutrient but its buildup or excess absorption generated toxicity in plants. They 

further investigated the role of B in proteins of NIP5;1 (H3BO3-channel) and BORI 

(BO4
- or H3BO3 exporter) in Arabidopsis thaliana. In B inadequacy, these proteins 

were essential for normal plant development. Furthermore, protein recognized as 

BOR1 is compulsory for B-toxicity tolerance in plants or yeasts.  
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Takano (2006) discovered the significant innate protein named as NIP5;1. This 

protein contained a genetic material, which is vital for resourceful plant enlargement and 

B-uptake by roots of Arabidopsis thaliana under B deficient conditions. Further, this 

protein (NIP5;1) is confined to plasma membrane and is directly involved in the perfect 

transportation of water along with H3BO3, consequently, this NIP5;1 was responsible 

for the H3BO3-channel in cell membranes of plants in B limilted conditions. Wallace 

and Roberts (2005) reported that these major inbuilt proteins NIP5;1 and  BORI  are 

provided duct for minute non-charged molecules and or water ( Wallace, 2006). 

Marschner (2002) revealed that the responsibility of B in plant nutrition is still the slightest comprehended of all the essential 
nutrients and what is renowned of B requiremnt initiates primarily from research findings of what happens when B is withdrawn 
or re-supplied after deficit. Further, B plays an imperative duty in pollen tube growth and immediately following germination, 
this tube expand by apical growth. They further revealed that in maturing pollen-tubes, deletion of external B guides to bursting 
and irregular swelling in the apex point within 2-3 minutes of B removal. 

Matoh (1997) reported a considerable framework of B in plant cell walls and 

according to his findings, B is a critical nutrient for plants. In higher plants, B occurs as 

both water insoluble and water soluble forms. This review exhibited the function of B in 

cell walls of higher plants and intracellular localisation of B. Their findings showed that the 

water-insoluble-B is tied with rhamnogalacturonan-II (RG-II) and this complex is 

ubiquitous in higher plants. The majority of the water-soluble B (as boric acid) looks like to 

be restricted in the apoplastic vicinity (Matoh et al., 1996). In duckweed, a dissimilar sort 

of B polysaccharide complex has been recognized. In Cucurbitaceae, only half of the cell 

wall B is in this complex whereas in the families of Liliaceae, Apiaceae, Asteraceae, 

Brassicaceae, Amaryllidaceae and Chenopodiaceae whole of the cell wall B is related with 

RG-II. Cakmak and Romheld (1997) studied B deficiency-induced injuries of cellular 

functions in plants and concluded that B essentiality for plant growth and development is 

eminent, but the key B responsibility remain unidentified (Miwa et al., 2008). B has the 

capability to construct complexes with the compounds having cis-diol configurations, 

consequently the foremost functions of B in the developmental growth of plants are based 

on this factor. The configuration of B complexes with the components of plasma 

membranes and cell walls appears to be an influential step affecting the physiological roles 

of B (Loomis and Durst, 1991; Matoh et al., 1996). Plasma membranes are extremely 

permeable and leaky in B deficient plants and eventually mislay their practical integrity. 

Under inadequate B situations, significant transformations in proton pumping activity and 

ion fluxes of the cell membranes were observed. B has critical significance for the 
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preservation of structural validity of plasma membranes and this character of B is primarily 

associated with stabilization of cell membranes. Obliteration in phenol metabolism and 

boost in levels of polyphenoloxidase and phenolics activity are distinctive signals of B 

deficit, predominantly in B deficient sensitive plant genus. 

The B availability to plants is also influenced by dynamic soil properties including 

organic matter, texture, cultivation, drought, and microbial activity (Mengel and Kirkby, 

2001; Communar and Keren, 2005). B moves in all directions in the soil by mass flow of 

water. Boron availability decreased with increasing pH and most of the total soil B is 

unavailable to plants (Borax, 1998; Kubota et al., 1948). In diverse soils, a small quantity 

of B is gradually complexed within organic matter (Yermiyaho et al., 1995; 1988; Gu and 

Lowe, 1990) adsorbed on clays (Bingham 1971; Keren et al., 1972; Frederickson and 

Reynolds, 1959; Hingston, 1964) and to some extent it is precipitated with CaCO3 and is 

quite unavailable for plant growth (Shorrocks, 1997). Fertilizer efficiency is incredibly low 

in Pakistan because majority of soils are alkaline in reaction (high pH) and calcareous in 

nature (Niaz et al., 2002; GoP, 2006). Sandy soil (coarse texture) that is well drained is 

most likely to be B deficient because of leaching (Ouellette, 1958; Rashid, 1995; 1996 b). 

In Pakistan, a numeral soil provisions and execution of farming practices are liable to 

stimulate boron deficiency, comprising high soil pH, calcareous soils (high CaCO3 

content), low OM and use of fertilizers poor in boron. About 50 % of the cotton area and 

cotton plants are thought to suffer from B deficiency (Rashid et al., 1997). Field research in 

Pakistan have demonstrated yield increases to B on several crops, including wheat, rice, 

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

due to B in wheat, rice, and maize respectively (Rashid, 2005). A substantial quantity of B 

is present in drinking or irrigation waters whether it is canal or tubewell water, so in the 

soil, B is added through irrigation water. According to a worldwide study on 

micronutrients, in Pakistan 49 % area of Punjab was B deficient (Sillanpaa, 1990). B 

played an imperative role in cell wall integrity, cell division, plasma membranes, phenol 

metabolic processes, and its requirement for the nitrogen fixation and in the reproductive 

growth of the plants (Dordas and Brown, 2005; Miley et al., 1969). Nevertheless, still it is 

an expedition of exploration to recognize the actuality that whether B is directly or 

indirectly involved in plant physiology (Eaton, 1955). 
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Boron is one of the mineral nutrients that is required for normal growth of plants 

and is implicated in numerous plant growth functions indirectly or directly as it is drawn-

in evolution of cells in freshly emerging shoot and root, whilst in several crop plants it is 

vital for flowering, pollination, boll formation, seed development and the transport of 

sugar contained by the plant organs (Atwell et al., 1999; Hu and Brown, 1994; Eaton, 

1955). Boron significantly affects the plant growth as it has specific role in sugar 

transport (Marschner, 1995), cell wall synthesis and lignification (Loomis and Durst, 

1991; Hu and Brown, 1994; 1996; Matoh et al., 1996, cell wall structure (Fleischer et al., 

1998; Blevins and Lukaszewski, 1998), carbohydrate metabolism (Shelp, 1993), RNA 

metabolism, respiration, indole acetic acid metabolism, phenol metabolism and 

membrane transport. It has also been revealed that reproductive growth (Raven, 1980), 

especially flowering, fruit and seed set and seed yield (Zhang et al., 1994), is more 

sensitive to B deficiency than vegetative growth as well as low B can result in plants 

being functionally male sterile like in wheat (Rerkassam, 1996; Rerkassam et al., 1997a).  

2.11 Role of B in plant cell wall 

This is a fact that > 90 % of the total B is contained in cell walls (Loomis and 

Durst 1991, Martin and Thellier, 1993). Boron is concerned along with (Ca) in cell wall 

structure. Boron is able to outline complexes with quite a few cell wall components such 

as pectins (Hu and Brown, 1994; 1996), polyhydroxyl polymers and polyols (Parr and 

Loughman, 1983; Shelp 1993; Matoh et al., 1996). That is the reason; responsibility of 

boron has been implicated in the synthesis and stability of cell wall (Fleischer et al., 

1998) by forming esters with cis-diol group present in the cell wall (Loomis and Durst, 

1991). This provides rigidity, strength and shape to the cell. It has also been verified that 

the outermost boundary in most of the plant cells is the cell wall, which is composed of 

three main stratums, i.e. primary wall, secondary wall and middle lamella. Primary wall 

is deposited by cells before and during active growth. The primary wall of cultured 

sycamore cells is comprised of pectic polysaccharides (Ca. 30%), cross-linking glycans 

(hemicellulose; Ca 25%), cellulose (15-30%) and protein (Ca. 20%) (Darvill et al., 1980). 

Secondary wall in some cells put down additional layers inside the primary wall. This 

occurs after growth stops or when the cell begins to differentiate. The secondary wall is 

mainly for support and is comprised primarily of cellulose and lignin. Middle lamella, 
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binds adjacent cells, composed of pectic polysaccharides. The actual content of the wall 

components varies with species and age.  

2.12 Role of B in cell division 

Cell division is another important growth involving aspect and B directly plays an 

important role in it because B is decisively active in the budding regions of plants, for 

instance root tips, new leaf and flower growth. According to Raven, 1980 boron as a 

nutrient for plants is especially required in meristematic cells more than in mature tissues. 

Thus, the first effect of boron deficiency appears in meristems, as described long ago by 

Sommers Sorokin (1928). A highly meristematic B requirement occurs because of the 

low phloem moility from shoots to the other parts f the plants, leading to higher 

accumulation of B in leaves (Raven, 1980; Bohnsack and Albert, 1977; Cohen and Albert, 

1974). 

2.13 Effect of B on plasma membranes 

Plasma membrane or cell membrane in most of the plants is covered by a cell 

wall. It is chemically composed of lipids and proteins: 60-80 % is protein, while 20-40% 

is lipid. In addition, there is a small quantity of carbohydrates (Darvill et al., 1980; Barr 

et al., 1993; Dordas and Brown, 2000). Transport of materials is one of the vital roles 

played by plasma membrane. It also offers a barrier between the cell contents and their 

environment, allowing only selective substances to pass through it. Now the question 

raises that how, boron is required for the plasma membranes to perform its functions. 

Following discussion will depict the essentiality of boron for the plasma membranes. 

2.14 B responsibility in ion fluxes 

Boron plays an important role both in structural and functional integrity of plasma 

membranes (Marschner, 1995; Parr and Loughman, 1983). In B-deficient plants, plasma 

membranes are highly leaky and lose their functional integrity (Cakmak and Romheld, 

1997). In many instances, it has been proven now, that occurrence of B deficiency was 

associated with considerable and fleet alterations in ion fluxes, i.e. H+, K+, Rb+, PO4
-3, 

and Ca+2. It is a fact now, that proton efflux by membrane-bound ATPases is a main 

driving force for ion uptake and responsible for a gradient in electrical potential across 

the membranes (Poole, 1978; Serrano, 1989). The stimulated activity of plasma 

membrane NADH oxidase and H+ secretion in cultured carrot cells with boron has also 
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been reported by Barr et al., (1993). Apparently, auxin affects B-induced H+ extrusion 

(Crisp et al., 1976; Hirsch and Torrey, 1980). According to Goldbach et al., (1990) the 

stimulatory effect of B on H+ -ATPase activity requires the presence of auxin, or 

enhancement in proton release by auxin requires the presence of B. In the studies with 

sunflower root cells and dense leaved elodea (Elodea densa) leaf cells, a significant 

depolarization of membranes was found after transfer of cells from B-containing to B-

free solution (Blaser et al., 1989; Crisp et al., 1976). Likewise, Ibrahim et al., (2004) 

conducted many experiments on wheat crop at 13 sites in district Faisalabad and Jhang 

during 2001-2004 and reported that most of soils were boron deficient. He also concluded 

that 4 kg B ha-1 application rate gave good yield over control on day loam and silty clay 

loam soils while 3 kg B ha-1 gave significant increase in grain yield of wheat at sandy 

loam texture. 

Hence, boron nutrition has marked effects on proton secretion and creation of an 

electrical potential gradient across the membranes. Boron supply enhances the activity of 

membrane bound ATPase and subsequently causes hyperploarization of plasma 

membrane by stimulating ion uptake. e.g. K+ uptake). The pumping activity of the 

membranes with subsequent membrane hyperploarization, results in an increased driving 

force for K+ influx (Schon et al., 1990). As far as K+ is concerned, it is involved in the 

opening and closing of the stomata. By affecting K+ efflux, B was also involved in 

enhancing stomatal opening in epidermal strips of dayflower (Commelina communis) 

(Barr et al., 1993; Roth-Bejerano and Itai, 1981).  

A number of researchers have observed the excessive leakage of K+ with the 

deficiency of B, leading to less membrane integrity. Some researchers consider this effect 

of B as a primary effect and others report it, as secondary effect of boron deficiency. In 

faba bean (Vicia faba) B deficiency resulted in a marked reduction in Rb+ uptake, 

particularly in root tips (Robertson and Loughman, 1973). Uptake rate of phosphate was 

also decreased by B deficiency, and the reduction in phosphate uptake was rapidly 

restored by resupply of B to deficient plants for 1 h (Robertson and Loughman, 1974). 

More rapid effects of B on ion influx or efflux were shown by Pollard et al., (1977) in 

Zea mays (maize). They established that a reclaim or re-supply of B to inadequately 

supplied maize for 1 h caused a remarkable re-establishment of phosphate uptake. 
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2.15 Effect of B in phenol metabolism 

 Phenol metabolism also plays a very important role for the plant and it seems to 

be affected by B nutrition (Shelp, et al., 1987). Juan et al., 2002 studied the effects of B 

deficiency on several phenolics and enzyme activities involved in the biosynthesis of 

these compounds in tobacco plant. In the B-deficient plants a higher amount of phenolic 

compounds is accumulated (Cakmak, 1994). This higher amount of the pohenolic is very 

hazardous for the plants. With the increase in the amount of the pohenolic compounds act 

as substrate. Thus, toxic quinines and destructive O2 species are generated (Appel, 1993; 

Jiang and Miles, 1993; ECETOC, 1997). The phenolics after oxidation corroborate 

changes in ion fluxes accompanied by changes in the membrane potential (Glass and 

Dunlop, 1974). It has been suggested that phenolics result in reversible alterations in 

membrane permeability, and this effect of phenolics occurs during their passage through 

the membranes (Glass, 1973, 1974; Dordas and Brown, 2000). In B-deficient plants, not 

only the phenolic compounds increase but also the defense capacity of the cells against 

toxic O2 species is weakened. This weakened capacity is due to the reduced levels of 

ascorbic acid, SH-compounds and H2O2 scavenging enzymes (Pollard et al., 1977). 

Therefore, it can be suggested that B deficiency renders membrane leakiness and 

alteration in ion flux characterized by peroxidative damage and structural alteration in 

plasma membranes (ECETOC, 1997; Robertson and Loughman, 1974). 

2.16 Role of B in N-fixation 

Boron is also implicated in the nitrogen fixation. Loomis and Durst (1992) 

reported that boron is an essential micronutrient required for growth and development of 

vascular plants, diatoms and species of marine algal flagellates, while bacteria, fungi, 

green algae and animals apparently do not require B (Bolanos et al., 1994). Not only the 

leguminous plants but also cyanobacteria necessitate B when reliant on N2 fixation. In 

deprived B conditions, nodule weight and N2 fixation capacity of legumes is usually 

decreased. Bolanos et al., 1994, investigated the effect of boron on symbiotic nitrogen 

fixation in pea (Pisum sativum). The absence of boron in the culture medium resulted in 

decreased number of nodules and nodule development. In the medium, nodules were not 

only found less in number but also the nodule structure was disorganized and not easily 

distinguishable. Examination of boron deficient nodules showed dramatic changes in cell 
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wall and in both peribacteriod and infection thread membranes, suggesting a role of 

boron in the stability of these structures (Yamagishi and Yamamoto, 1994; Darvill et al., 

1980). The formation of ineffective nodules have also been reported by Brenchley and 

Thornton, 1925; Schon et al., 1990. This alteration of nodule development led to an 

inhibition of nitrogenase activity. These results indicated that boron is a requirement for 

normal nodule development and functionality. There is also increasing evidence that, in 

the heterocyst cells of cyanobacteria, B is involved in protection of nitrogenase activity 

against O2 damage (Yamagishi and Yamamoto, 1994).  

2.17 Role of B in plant reproductive growth 

Boron deficiency limits reproductive growth more than vegetative growth. In 

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

(Cheng and Rerkasem, 1993; Cresti and Tiezzi, 1990; Coetzer and Robbertse, 1987; 

Cheung, 1996). In vitro germination tests also showed that B was required for pollen 

germination and tube growth in wheat (Cheng and Rerkasem, 1993; Rerkasem and 

Jamjod, 1989). Seed setting is important for improving yield from any soil particularly 

salt affected soils. Aslam et al., 2002, reported better pollination, seed setting, low spike 

sterility and more grain formation in different cultivars of rice as an effect of boron 

nutrition. Huang et al., 2000 identified critical stages of anther development of wheat 

during which B deficiency caused a significant and irreversible decrease of floret fertility. 

According to Brown and Shelp, 1997, B has limited phloem mobility in crops like wheat, 

so, continuous B supply is required for healthy reproductive growth (anther, pollen and 

ovule development), in order to avoid the sterile impact of B deficiency on florets (Cresti 

and Tiezzi, 1990; Coetzer and Robbertse, 1987; Shelp et al., 1987).  

In wheat, boron deficiency causes anther damage and they have their development 

arrested early resulting in small arrow-shaped structures largely devoid of cells in the 

anther locules. Small stamens have also been observed in B-deficient oil seed rape 

(Zhang et al., 1994). Anatomical investigation of pollen development in a B-sensitive 

(SW41) and a B-insensitive (Sonora) wheat failed to detect any abnormality in pollen 

until after the uninoculate vacuolated stage had been passed (Rerkasem et al., 1997a). 

Kamali and Childers, 1970, reported the abortion of apical meristems leading to the lack 

of flowering and development in peach (Prunus persica) in boron free medium. Some 
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physiologists (Zhang, 1994; Bell et al., 1990 and Reckasem, 1996) have shown the effect 

of boron nutrition on the flowering, stamens, pistil and leaves (Cheung, 1996). 

Generally the concentration of B in flower, stamen, and pistil increased with the 

increase in the boron supply from low to adequate level. This is the indicator of response 

of young reproductive plant parts and leaves to the supply of boron. This response seems 

to ensure more successful seed and fruit setting. Boron deficiency render decrease in the 

cell wall plasticity (Hue and Brown, 1994; 1996; 1997; Darvill et al., 1980) leading to the 

collapse of newly divided cells to enlarge (Dell and Huang, 1997; Chiu and Chang, 

1985). 

Boron plays key functions in cell walls (Matoh et al., 1996; Brett and Waldron, 

1996) and cellular activities (Cakmak and Romhold, 1997; Hue and Brown, 1994; Darvill 

et al., 1980). As for as plasma membrane is concerned, adequate level of B stops the 

accumulation of phenolic and ceases the oxidation of the components of plasma 

membranes. Furthermore, it is also involved in the generation of H+ ATP-ase, which is a 

driving force for the ion uptake. Hence, the integrity and functionality of plasma 

membranes is ensured with the adequate supply of boron (Barr et al., 1993). The nitrogen 

fixation ultimately correlates with the nitrogenase activity. Oxygen sensitivity of 

nitrogenase is well-known and relates to toxicity of O2 species such as O2
- and H2O2 

(Dalton et al., 1986). Therefore, activity of O2
- and H2O2 scavenging enzymes may play 

an essential role in protecting nitrogenase against toxic O2 species. This nitrogenase 

activity is dependent on the development of effective nodules. Any alteration in nodule 

development inhibits the nitrogenase activity. Boron accelerates nitrogenase activity 

through effective nodule development for nitrogen fixation (Yamagishi and Yamamoto, 

1994). Plants reproductive growth is ceased with the deficiency of boron. In brief, the 

formation of B complexes with the constituents of cell walls and plasma membranes as 

well as with the phenolic compounds is the major reasons to affect the physiological 

functions of boron (Hue and Brown, 1994; Darvill et al., 1980). Parr and Loughman 

(1983), reported several impairments as result of B deficiency, such as sugar transport; 

cell wall synthesis; lignifications, cell wall structure; carbohydrate metabolism; RNA 

metabolism; respiration; indole acetic acid (IAA) metabolism; phenol metabolism, and 

membrane integrity (Barr et al., 1993). The above discussion reveals unique 
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physiological role played by boron in the plants. However, despite such numerous effects 

of B, no evidence has yet been presented that B is an enzyme constituent or it has a direct 

role in enzyme activities. It is also unclear whether the above mentioned changes are 

precursor of direct functions of B or the changes are of an indirect nature. Therefore, a lot 

of research activities are required to have an insight into the fact that either the role 

played by boron nutrition is primary or secondary (Bohnsack and Albert, 1977; Chiu and 

Chang, 1985). 

2.18 Boron mobility in plants and its role in plant physiology 

Many scientists worked on B role in plants along with its mechanisms inside the 

plant structures. They also studied in detail about B mobility in plants and reported that 

most plant species had limited mobility (Brown and Shelp, 1997; Shelp et al., 1987; Dennis 

and Dennis, 1941; 1943; Delgado et al., 1994; Hanson, 1991; (Miley et al., 1969). 

Significant quantities of polyols in leaves manufactured within species, B is again intensely 

transferred as a result of the construction of polyol complexes of B. B is therefore, 

inimitable amongst the essential plant elements due to its limited mobility in numerous 

plant species as well as is absolutely mobile in others (Shelp, 1988; Shelp et al., 1996). Not 

a single nutrient is known to fluctuate so significantly in mobility. Nonetheless, B was there 

in phloem and subsequently re-transmitted in phloem, frequently in adequate quantities to 

gratify the demands of growing sink environs that did not readily transpired. The 

retranslocation of B had a deep impact on the appearance of B toxicity and deficiency 

symptoms, and the techniques required to identify and correct B disproportions (ECETOC, 

1997; Chapman and Vanselow, 1955; Eaton, 1944; Hanson, 1991; Muller and McSweeney, 

1976).   

Dell and Huang (1997) studied different physiological effects of low B in a variety 

of plants especially in higher plants at the organ level or whole plant level. Generally, 

plants significantly respond to diminishing supply of B in soil by stopping or at least 

dawdling plant growth. In the sprouting region of root tips, B deficit restrains root 

enlargement via inhibiting cell division and expansion.  

In intensive B deficit, root development lapses by disappearing the protoderm and 

dormant (quiescent) center of root tips. This condition leads to damage or decease of root 

tips. Nevertheless, vascular clumps are ineffectively built-up under B deficient root 
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systems. Moreover, premature consequences of B deficit on their commencement and 

differentiation are incorrectly recognized. Limited leaf extension due to little B ultimately 

declines the plant photosynthetic capability. Prior to time, inhibition of root enlargement, 

compared to growth of shoot, boosts up the shoot: root ratio (Tanaka, 1967). 

Understanding of various mechanisms of transportation of B at the molecular level has 

progressed significantly in the preceding years (Takano et al., 2008). Two dissimilar kinds 

of carriers (NIP5;1 and BOR1) were recognized as B carrying molecules needed for 

impeccable retranslocation of B in B inadequate conditions in A. thaliana crop (Takano et 

al., 2002; 2006). 

Likewise, sexual reproduction is generally much sensitive to lesser amount of B in 

soil than vegetative growth, under field conditions (Dell and Huang, 1997) and noticeable 

seed yield declines can take place with no visible signs on vegetative part of plants. In 

many crops like wheat and rice, low B minimizes fertility of male plants.  Further at 

flowering stages this B deficiency resulted into improper flowers, predominantly by 

weakening of pollen tube enlargement and microsporogenesis (Cai et al., 1997; Cheung, 

1996; Coetzer and Robbertse, 1987; Cresti and Tiezzi, 1990). B deficiency consequences 

comprised imperfection in embryogenesis, consequently resulted in the production of 

shortened or injured embryos or seed abortion and misshapen or deformed fruit. In contrast, 

there is a vast divergence of impacts on reproductive development amongst species owing 

to low B, and into the similar species between time of years and sites. 

2.19 Toxicity in different crops due to boron 

Recently Miwa et al., (2007) and Nable et al., (1997) performed research on toxic 

effect of B on different crops and his findings revealed that B affluent soils are more 

significant because these soils produce B toxicity in the field.  

Miwa et al., (2007) reported that in Australia, about 17 % of the barley yield 

declined owing to B toxicity. They further reported that toxic soil B levels reduced the 

yield outputs in many crops and this toxicicty was an international tragedy in foodstuff 

production. They identified the B-carrier gene (BOR4) by using Arabidopsis as test crop 

and considered it as tolerant to high B levels. This BOR4 function as exporter and it also 

enhanced B efflux from roots. The findings of Miwa et al., (2007) provided the 
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fundamental information regarding crop productivity in soils containing excess B, which 

are distributed in arid areas of the world. 

This B toxicity eventually resulted into crop yield decline in diverse global regions. 

The uppermost naturally happening soil B concentrations are in those originated from 

oceanic argillaceous residues and marine evaporites. Furthermore, diverse anthropogenic 

resources of surplus B may promote soil B to levels detrimental for plants (Venggosh, 

1998). Many sources cause B accumulation in soil like fly ash, surface mining wastes and 

industrial chemicals but the straightforward source is the irrigation water (Cengiz, 2007).  

Further, these scientists reported that reclamation of B loaded soils is tremendously 

problematical. They commonly adopted low B water for leaching purposes for reclaiming 

high B soils (Keren and Miyamoto, 1990). A new amelioration technique comprises the 

sowing of plant species that are tolerant to elevated external B concentrations or the 

utilization of gypsum or lime as soil amendments (Mandal et al., 1993; Prasad and Byrne, 

1975). Peryea (1968) reported several methods and mechanisms of B regeneration. 

Different soils with substantial concentrations of residual, potentially reactive Cl and B 

were reclaimed in columns. Multiple batch removal could not absolutely reclaimed B, 

however Cl was reclaimed 100 %. Cl- regeneration took place in the column systems only 

whereas B regeneration was occurred in both batch and column reclamation methods. 

Bingham et al.,  (1985) developed the Maas-Hoffman salinity tolerance model for 

B toxicity by using barley, wheat and sorghum. These three crops were developed in sand 

having inadequate to adequate B concentrations. The leaf samples were collected at the 

spike appearance time and subsequently analyzed for B concentration. The respective 

threshold concentrations for the grain yields of sorghum, wheat and barley were obtained 

as 7.40, 0.30 and 3.40 mg B kg–1, respectively. He categorized sorghum, barley and wheat 

as very tolerant to B, moderately tolerant and sensitive to B (Keren and Miyamoto, 1990). 

Peryea et al., (1985a) conducted another study about regeneration of water soluble 

B by reclamation of high B soils. In laboratory columns, three B-amended and inherently 

high B soils were reclaimed with the help of four different strategies of leaching and then 

these reclaimed soils were kept for 30 days for re-leaching. During storage, B 

concentrations (as effluents) amplified in all soils and creating potentially phytotoxic 

concentrations in few cases (Peryea et al., 1985b; 1985c) 
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Gupta (1972) studied various interactions of lime and B on barley in greenhouse. 

He reported that B toxicity signs occurred at B levels of 0.50 to 4 mg kg-1 with the 

extremely harsh symptoms at B level and soil pH of 4 mg kg-1 and 5.30, respectively. 

Whereas no detectable symptoms was noted at B level and pH of 0.50 mg kg-1 and 6.30 to 

6.80, respectively. Similarly, at pH 6.80 and B level of 1 mg kg-1, there was no visible 

symptoms occurred. Furthermore, there was a significant soil B × pH relationship. High B 

rates were more toxic to kernel yields at lesser pH than at elevated pH values. The 

uppermost kernel yields were witnessed with B and pH values of 0.25 mg kg–1 and 5.80, 

respectively while an addition of B at rate of 4 ppm at pH 5.30 and 5.80 did not generate 

any kernels. 

Torun et al., (2006) reported that B toxicity significantly reduced the dry matter 

yield of wheat. B-sensitive cultivars of wheat contained typically much lesser B content 

than that of tolerant genotypes. 

2.20 Boron toxicity symptoms 

In plants, excessive B concentration produces many abnormalities in the main 

growth stream (Reid et al., 2004) and this was due to toxic B levels. Boron toxicity 

symptoms depicted the B build up at the last part of the transpiration stream and fictitious 

B distribution in the majority of species. The distinctive apparent sign of B toxicity in 

numerous plant species often initiated as chlorotic patches on older leaf margins and tips 

of leaves, which leads to burning and necrosis (Miwa et al., 2007; Crisp et al., 1976; 

Bennett, 1993; Bergmann, 1992; Cartwright et al., 1986; Eaton, 1944). Some studies 

showed that the necrotic or chlorotic leaf segments have extremely high B contents then 

adjoining leaf tissues and barley exhibited distinctive sketches for various cultivars (Oertli 

and Roth, 1969).  

In contrast, other researchers reported that obvious B toxicity symptoms in roots 

do not emerge to boost even at extremely elevated B levels (Nable, 1988; Cartwright et 

al., 1986), because comparatively low B contents remained in the roots than leaves, 

consequently lethal B concentrations do not happen in root tissues (Oertli and Roth, 

1969; Tanaka, 1967). However, few scientists declared that preliminary outcome of 

evolution of B toxicity in squash plants (Cucurbitapepo) or turnips (Muller and 
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McSweeney, 1976) is reduction in chlorophyll which finally resulted in to growth 

retardation by minimizing leaf area and reduced CO2 fixation (Yokota and Konishi, 

1990). All these processes taking place well ahead of the advancement of observable 

toxicity symptoms (Lovatt and Bates, 1984).  

Whereas, Loomis and Durst, (1992) elucidated that high B levels resulted into an 

inhibition of ureide metabolism in the leaves of nodulated soybean (Glycine max), which 

sooner or later badly affected the other metabolic progressions. Lukaszewski et al., (1992) 

concluded that complexing of ribonucleotides occurred in toxic B concentrations and 

disturbance metabolic processes. 

An other precise evident of B toxicity in some species is leaf cupping which is the 

invention of inhibition in extension of cell wall via upheaval of cell wall cross-links. 

Unlike to the popular observation, leaf burn is not the evident sign of B toxicity in all 

species. In species in which B is phloem mobile (e.g. Prunus, Malus, Pyrus), in which B 

accumulates in developing sinks rather than at the end of the transpiration stream, the 

symptoms of toxicity are fruit disorders (gummy nuts, internal necrosis), bark necrosis 

which appears to be due to death of the cambial tissues, and stem die back (Crisp et al., 

1976; Brown and Hu, 1996). Oertli and Roth (1969) revealed that sugar beet was a 

superlative plant for rich B soils, when various climatic conditions remained constant. For 

sugar beets, the B magnitude in solution cultures relatable for plant tissue development is 

the utmost followed by cotton and the minimum for soybean. According to them, tissue 

analysis showed that necrotic and chlorotic spots on leave contained higher than and 

approximately 1,000 mg B kg-1, respectively. They further revealed that B concentrations 

at which toxicity signs emerged in tissues of all three species were identical, regardless of 

significant diversities in B requisite and tolerance. They suggested that this differentiation 

amongst species were owing to plant development characters and more B uptake, then 

tissue susceptibility. Greenhouse study showed that B concentrations up to 40 mg kg-1 did 

not cause any yield reduction in terms of fresh biomass or beet sugar contents. Their 

findings also recommended that B moved largely or amassed in the transpirational stream 

of leaf, from where water lost to atmosphere via transpiration and toxic B amounts left 

behind. Further, all processes like venation of leaves, B toxicity patterns, sharing and 
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distribution of B and relationship amongst leaf age and B injury in plant also supported 

this hypothesis (Oertli and Roth, 1969; Cartwright et al., 1986). 

2.21 Techniques/methods of B determination in soils and plant 

Many scientists developed various procedures for B determination and their 

implementation to the analysis of soil and plant samples (Sah and Brown, 1997; Keren, 

1996; Parker and Gardner, 1981; Sims and Johnson, 1991; Spouncer et al., 1992; Wolf, 

1971). Currently, B concentration has been evaluated by employing absorption 

spectrometry, flame atomic emission, neutron scattering test via neutron radiography along 

with prompt-activation analysis, potentiometry, ICP-OEC (inductively coupled plasma-

optical emission spectrophotometery, chromatography, MS (mass spectrometry) and 

spectrophotometry. Spectrophotometric procedure implicated a colorimetric reaction of 

azomethine-H with B has been the foremost acceptable B estimation technique for plant, 

soil and water samples (WHO, 2003; ISO, 1996; Bingham, 1982; Wolf, 1971; 1974). 

Colorimetric procedures, ordinarily, go-through from several hindrances and comprises 

reduced perfection and sensitivity. In modern era, the use of ICP–MS and ICP–OES for B 

assessment in soil and plant samples have intensifies terrifically. Other studies also showed 

the colorimetric determinations of boron by using azomethine-H as colour developing 

reagent (Ho et al., 1991; 1986; 1988; Renan and Gupta, 1991, Berger and Truog, 1945; 

Berger, 1949; Vaughan and Howe, 1994). Few researchers investigated various 

concentrations of B within the soil solution by using this colour-developing reagent 

(Jame et al., 1982).  

2.22 Crop responses to boron 

Bell (1997) reported B deficiency in diversity of flora by means of different 

techniques alone or in combinations comprised plant deficiency symptoms, soil and plant 

analysis along with B fertilizer effects on various plant species. Indigenous information of 

crops, soils and other characteristics known to emphasize B deficit bestow imperative 

background for its prognosis and identification. Nevertheless, precise prognosis and 

diagnosis of boron deficit relies on soil and plant analysis calibrated standards. For B 

deficit identification, the plant portion sampled required to expose existing B supply. Plant 

and soil analysis are perhaps more valuable whilst utilize to forecast the probability of B 

insufficiency. Few studies showed that exemption of B from the nutrient culture is 
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pursued by abrupt -ve alterations in membrane transportation and enlargement 

approaches of plant cells (Atwell et al., 1999). The subsequent was depicted as collapse 

of membrane integrity, which eventually ensued the maximum solute leak into the cell 

protoplasm (Cakmak et al. 1995; Mortvedt and Woodruff, 1993; Pfeffer et al., 1998; 

Hanson and Breen 1985; Dordas and Brown, 2005). 

Power and Woods, (1997) reviewed the usage and chemistry of B via its speciation 

in plants. In biological perspective, the chemistry of the exceptional B element is controlled 

by B-oxygen complex. They briefly depicted distribution, chemistry and occurrence of 

these compounds. They elucidated B associations with cell wall membranes, mechanisms, 

sugar transport, enzymes and certain polyols. The magnitude of B indispensability in plants 

has been identified for more than 75 years. Although numerous have been recommended 

yet the interactions amongst its biomolecules and compulsory tasks remained unrevealed. 

Latest explorations on the partial characterization, complexation and isolation of B 

compounds of diols, hydroxyacids and polysaccharides are summarized (Jiang and Miles, 

1993; Dordas and Brown, 2005). 

Hu and Brown (1997) and Bingham et al., (1970b) conducted the study regarding 

different mechanisms of B absorption by plant roots (Tanaka, 1967). Their experimental 

verification advocated that B uptake is the outcome of the passive absorption of undissociated 

H3BO3. This obvious elucidation of B uptake, yet, does not successfully clarify field 

interpretations where amplified deviation in B concentrations is examined between various 

species, even after these species are grown-up in identical ecological conditions. The visible 

negation between field observations and investigational results, advocates, that plant B uptake 

is estimated by dynamic attributes, which are unrevealed so far. Few other scientists reported 

significant effects of B on vegetable crops (Yuh, 1956). 

Ross et al., (2006) recently reported that B deficiency was a serious problem in 

soybean crop in Arkansas, USA. They conducted field experiments on alkaline soils to assess 

the response of soybean growth, yield and tissue B content to B application rate and time. 

They applied B fertilizer at levels of 0, 0.28, 0.56, 1.12, and 2.24 kg B ha-1. Although, B 

application had no considerable impact on yield at one location, however it significantly 

improved yields from 4 to 130 % at other three sites. Leaf and seed B content enhanced with 

B application. The optimum yields produced with B application at 0.28 to 1.12 kg ha-1 levels. 
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2.23 Cotton responses to boron application 

2.23.1 Foliar application 

Gormus (2006) revealed that foliar B application on cotton significantly improved 

the yield of cotton as well as other growth parameters. Foliar B applications of 0.15 L ha-

1 at flowering significantly produced the maximum bolls as well as seed cotton yield and 

followed by B application 1 month after 1st spray. Similarly, they concluded that foliar B 

applications did not affected the ginning turnout, but application at 15 days and 1 month 

after 1st spray, significantly better than the control in terms of yield. Initially some 

researchers reported about B fertilization and techniques of application in different crops 

(Mortvedt and Woodruff, 1993) and later on Woodruff (2006) revealed an excellent 

research regarding foliar B application on cotton. He reported that at initial flowering 

stages, foliar B sprays enhanced cotton yields especially when leaf B concentrations were 

< 40 mg kg-1. The results indicated that mean lint yield boost of 21 lbs per acre was 

achieved through foliar B applications before flower initiation at rate of 0.50 lbs B A-1. 

There was no confirmation of requirement of B as foliar sprays more than levels of 0.50 

lbs B A-1. Nevertheless under conditions where leaf B concentrations go beyond 125 mg 

kg-1, seed cotton yield decline were detected. Likewise, Dordas (2006 b) accomplished 

that foliar B application significantly affects seed and lint yield. He further reported that 

boron application improves quality of seed cotton grown in calcareous soils, which is one 

of the crucial global fiber crops due to its stapple quality, more adaptability and high 

yield. Cotton B necessities were more and repeatedly B is used to correct deficiency.  

Regardless of the reality that B is vital for cotton, the information about foliar B 

applications on seed quality and yield was not effectively assessed. Likewise, Oosterhuis 

and Zhao (2006) conducted an experiment on cotton to see the outcome of B deficiency 

on the carbohydrate metabolism and growth and they revealed that B deficiency at early 

growth stage significantly boost chlorophyll content in leaf, minimize carbohydrate 

transport from the leaf to the fruit, ultimately leaf photosynthetic rate and stomatal 

conductance was abated. Almost 3 weeks after B removal, B deficiency symptoms first 

appeared with dark strips on the petioles from B deficient plants (Oosterhuis and Zhao, 

2001). 
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Oosterhuis and Zhao (2006) also concluded that in B-deficient areas, addition of 

this nutrient would enhance lint yield as well as recuperate other growth problems. This 

research was carried out to evaluates B application as foliar sprays during anthesis stage to 

see its effects on seed set, seed and lint yield, other yield components and seed quality of 

cotton sown in calcareous soils. Four B levels (0, 400, 800 and 1,200 mg B l−1) were 

applied to field that do not show any visible B deficiency symptoms. Rather B application 

boosts the seed and lint yields, bolls per square meter, bolls per plant and boll weight. B 

application improved cotton yield by an average of 40 % over control. Moreover, B 

application amplified the boll mass by an average of 29 %, boll number per plant and the 

boll number per square meter by 29 % over control. There is 17 % and 25 % improvement 

in seed germination and vigor by foliar B application over control treatment (Dordas, 

2006b). The physiology and growth had already been affected considerably. Both dry 

matter accumulation and plant growth were also suppressed due to B deficiency. Due to 

low plant growth dry matter buildup was also declined by B deficiency, eventually excess 

fruit abscission (boll and square) and subsequent to squaring an alteration in dry matter 

partitioning happened (Murphy, 1993; Eaton, 1955; Heitholt, 1994; 1992; Joham, 1986; 

Lancaster et al., 1962).  

Zhao and Oosterhuis (2003) conducted an experiment on cotton growth and 

physiological responses to boron (B) deficiency and reported that B deficiency is common 

in some cotton (Gossypium hirsutum L.) growing areas of the world. Boron deficiency con-

siderably decreased leaf net photosynthetic rate, plant height, leaf area, fruiting sites, and 

dry matter accumulation during squaring and fruiting. Dordas also (2006a and 

2006b) concluded that foliar B application on alfalfa and cotton influenced seed and lint 

yield as well as maintained seed quality. B application improved cotton yield by an average 

of 40 % over control. In addition, B application amplified the boll mass by an average of 29 

%, boll number per plant and the boll number per square meter by 29 % over control. There 

is 17 % and 25 % improvement in seed germination and vigor by foliar B application over 

control treatment.  

In contrary, Anderson and Kenneth (1972) revealed that foliar B application had no 

effect on root development, apex development, plant height, node number and reproductive 

tissue. Treated leaf blades of cotton plants had higher B content than control. B analysis of 
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petiole and young tips also pointed out that there is no visible proof of re-translocation of B 

in the major stem tissues. Some scientists reported that B and lime application influenced 

the cotton yield, lint quality and earliness of harvest by affecting the B uptake (Anderson 

and Boswell, 1972; Hanson, 1991; Scott et al., 1975). Similar kind of research was also 

conducted by other scientists where they revealed that foliar B application increased the 

growth of broccoli plants (Shelp et al., 1996). 

2.23.2 Soil application 

Soil and leaf B content from check plots were higher than those typically 

considered as deficient, suggesting that comparatively higher soil B levels promote 

earliness of harvest and enhanced cotton yield. They further observed that both total yield 

and the fraction of that yield acquired at 1st picking were amplified with no harmful 

impact on lint fineness, length and strength, regardless of the fact that no B deficiency 

symptoms were appeared on the untreated plots. Yield raise were positively correlated 

with pH while negatively correlated with the water-soluble soil B (Anderson and 

Boswell, 1972; Lancaster et al., 1962). 

In an excellent experiment, Dugger and Palmer (1980) reported that in cotton 

ovules cultured in-vitro, B is crucial for fiber growth and development. Total products 

(alkali-soluble plus alkali-insoluble fractions) were also greater in fibers from ovules 

cultured with boron. The portion of B insoluble in acetic-nitric reagent was only a minute 

fraction of the entire glucans; however, there was significantly higher fraction in the B- 

adequate fibers, than in fibers from B-lacking ovule cultures.  

On the contrary, few researchers reported that in limed cotton, B deficiency is 

prone to emerge. Their results showed that B application in nutrient solution significantly 

increased dry matter yield, number of reproductive structures and B content in the tissues 

of cotton cultivars. The level of 21 mmol L-1 of B in the nutrient solution lead to the 

highest cotton yield, corresponding to 16 mg kg-1 of B in the 3rd and 4th leaves of the 

plant during blossom (Rosolem et al., 1999). While the findings of Howard et al., (1998) 

revealed that three-year average lint yields were increased with the foliar treatments by 5 

to 16 % compared with the check. Some of the foliar treatments increased yield more 

than others. Generally, buffering the foliar B and/or K solutions to pH 4 increased lint 

yields when compared with unbuffered solutions. Foliar applications of the B+K solution 
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buffered to pH 4 increased total lint yields 15.90 %; foliar K solutions buffered to pH 4 

increased yields 13.80 %; foliar B solutions buffered to pH 4 increased yields 10.30 %. 

The experimental boric acid compound (HM 9751) increased yields more than the 

unbuffered B solutions. In USA, studies across the cotton (Gossypium hirsutum L.) 

growing areas of the country have shown nitrogen and B to be indispensable nutrients for 

beneficial cotton production. Adding foliar B at 2.0 pounds per acre however decreased 

lint yield over the untreated control. Leaf blade tissue level increased with increasing B 

rates compared with the initial B level or shading (Noppakoonwong et al., 1993). 

Additional research is needed in order to fully understand the benefit of boron in N 

utilization (Abaye et al., 1998). 

Yau and Ryan (2008) revealed that under field conditions B toxicity in many crops 

typically is more eminent following drought. They studied B tolerance and toxicity in 

different crops to find out viable alternatives to soil amelioration. Investigations on the 

complexity of excessive soil B have amplified noticeably in the previous two decades, 

particularly in the dry areas (Mediterranean region and parts of Australia) of the world. 

This study promote perception of the extensive occurrence of B toxicity (BT) in dry 

areas, its importance and the availability of BT-tolerant germplasm and advancement in 

breeding genotypes with BT tolerance. The significance of BT was not effectively 

acknowledged until 1980s, when researchers exposed that BT resulted into considerable 

crop yield decline in South Australia. In the field, BT in crops usually is more prominent 

after drought, indicating that both BT and drought tolerance are needed in crops for dry 

areas having high levels of subsoil B. The reclamation or detoxification of high-B soils 

through agronomic methods is neither practical nor easy in most circumstances. They 

further reported that B had significant interactions with salinity, Zn and N in soil, 

therefore rich-B soils can be reclaimed by using or breeding B tolerant species or crops 

on high B soils (Miwa et al., 2007; Yermyahu, 2003; Cartwright et al., 1987; Chapman 

and Vanselow, 1955). Silva et al., (1979) revealed that cotton crop sown in greenhouse 

was significantly responded to B application. 

2.23.3 Cotton leaf photosynthesis characteristics 

 Many scientists conducted experiments on cotton to determine the effects of B 

deficiency on leaf photosynthesis and monostructural carbohydrate concentrations of 
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cotton plants during early growth stages and they found that leaf net photosynthetic rates 

were not different between +B and -B treatments in the first 3 weeks after removal of B 

(Oosterhuis and Zhao, 2001; Zhao and Oosterhuis, 2005). These results clearly showed 

that –B treated plants of cotton had significantly lower leaf net photosynthetic rate than 

the +B plants (P<0.05). Compared to +B plants, leaf photosynthetic rate of –B-treated 

plants decreased 8 % at 2 weeks and 39 % at 5 weeks after removal of B. Decreased 

photosynthetic rate from B deficiency was closely related to a lower stomatal 

conductance because under severe B deficient conditions leaf photosynthesis, stomatal 

conductance and transpiration rate decreased simultaneously. 

Boron deficiency during the early growth of cotton considerably decreased leaf 

photosynthetic rate and carbohydrate transport from leaves to fruits, and depressed plant 

growth and dry matter accumulation, resulting in increased fruit abscission. Therefore, in B 

deficient areas, soil or foliar application of B is necessary for optimum cotton plant growth, 

physiology and lint yield specially under high pH and calcareous soil that are poor in O.M. 

content and fertility. 

2.24 Responses of wheat to B application 

Based on different responses of wheat (Triticum aestivum L.) crop to B application, 

many states on world map showed B deficit comprised of Pakistan, China, Nepal, 

Thailand, India and Bangladesh in Asia, Tanzania, Zambia and South Africa in Africa, 

USA, Brazil, Madagascar, in North and South America and Finland, Bulgaria, Sweden, 

Yugoslavia and Russian states in Europe (Shorrocks, 1997; Sthapit and Subedi, 1990; 

Schalscha et al., 1973; Zheng et al., 1989). Boron deficiency in wheat has been reported 

by many Indian researchers and they showed significant responses of wheat to applied B 

(Sarkar and Chakraborty, 1980; Mandal, 1994; Mandal and Das, 1988; Dwivedi et al., 

1990; Ganguly, 1979; Singh et al., 1976; Chhipa and Lal, 1989). In Brazile, few scientists 

worked on wheat and they reported that grain setting collapsed owing to low B, and this 

condition is directly coupled with sterility of male (Da-Silva and De-Andrade, 1980). The 

Turkish scientists revealed that in low B calcareous soils, B application considerably 

improved the growth and yield parameters of wheat (Soylu et al., 2004; Soylu et al., 

2005).  
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The diagnostic techniques about B deficit were also established by assenting wheat 

responses to B appliance (Jahiruddin et al., 1998; Jenkin, 1993). This was happened 

when high-potential Indian and Mexican germplasm was introduced in Nepal and 

Bangladesh (Misra et al., 1992). In both of these countries, there was a significant boron 

deficiency in soil, which ultimately caused low wheat yields (Sarkar, 2006; Misra et al., 

1992). In China B deficit in wheat was the accountable characteristic of total crop decline 

in ≥ 40,000 hactares (Li et al., 1978; Zheng et al., 1980; 1982a; 1982b).  

‘‘Wheat sterility’’, is the term interconnected with drained and dismal proportionate of 

spikelets with grain (Rerkasem and Jamjod, 1997b; Tiwari, 1996). It was initially 

reported from various B deficient environs of Nepal where cold stress (low temperature) 

for the duration of entire reproductive phase (Subedi et al., 1993; Sthapit and Subedi, 

1990), warm dry windstorm and little soil N or waterlogging conditions occurred at 

flowering stages (Misra et al., 1992; Rerkasem et al., 1994; Rerkasem and Jamjod, 1997) 

were recommended as probable causes for its deficiency. In Nepal and Bangladesh, B 

deficit was known as the foremost motive of immense sterility in wheat. Some research 

reports revealed that B application improved wheat yield at farmer’s field by almost 8.50 

to 14 % (Sthapit and Subedi, 1990; Sthapit, 1988; Subedi et al., 2001; 1993; 

Saifuzzaman, 1995). The most recent research findings reported by Kataki et al., (2002) 

demonstrated the extensive setback of B deficit in wheat in sub-continental Asia. 

Whereas the documented information about B deficiency in wheat has also been reported 

in Myanmar, China, and Thailand (Rerkasem et al., 1989; Yang, 1992; Rerkasem, 1996; 

Rerkasem et al., 2004; Zheng et al., 1980; 1989). 

Saifuzzaman et al., (2004) reported that fewer radiance intensity accompanied by 

elevated humidity were typically accountable for greater wheat spikelet sterility. Whereas 

both soil type and soil B status did not affected significantly. However, B application was 

directly correlated with leaf B concentration at booting stage. Torun et al., (2006) 

investigated genotypic differences in 70 wheat cultivars to assess B tolerance toxicity in 

wheat. Soil used in this greenhouse experiment had B concentration of 12 mg kg-1 and B 

treatments were 0 and 25 mg kg-1. Plants were harvested one month after sowing and 

analyzed for dry matter yield (DMY) as well as leaf B concentrations. The results 

indicated a great variation amongst genotypes in terms of DMY and B toxicity 
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significantly reduced the DMY in majority of genotypes. Only four genotypes (Sabil-1, 

Stn-OSO, Aconhi-89 and Wadelmez-2) were not affected. Remarkably, there was no 

correlation among relative reductions in DMY and leaf B concentrations. B-sensitive 

cultivars contained typically much lesser B content than that of tolerant genotypes. 

Likewise Bell reported that fusion of techniques comprising plant and soil 

analysis, crop responses to B and deficiency symptoms on vegetative portions of plants 

has been utilized for identification or diagnosis of B deficit (Bell, 1997). Therefore, 

deficiency symptoms on flora were not exceptionally positive in case of wheat because they 

were barely noticed in the field plots. While on the other hand, many researchers revealed 

that the most prevalent B absence symptoms in the field grown wheat were empty or 

blank spikelets and florets of wheat. This happened during anthesis, florets did not closed 

for several days which resulted into male sterility and consequently, collapse occurred in 

grain setting (dasilva and deandrade, 1980; Rerkasem and Loneragan, 1994; Li et al., 

1978; Sthapit, 1988; Rerkasem et al., 1994; Rerkasem et al., 1989; Huang et al., 2000). 

Rerkasem and Jamjod (1997) revealed various varietal differences in plant response 

to low or inadequate B in the soil. They reported that there was a wide variation amongst 

plant species and amongst different cultivars within same species. They also concluded that 

B-efficient cultivars are capable to grow excellent in those soils where other cultivars are 

badly influenced by B deficit. In general, B effectiveness is the solo reason for a disparity 

amongst whole crop failure and mean crop yield. Stern yield losses can be efficiently 

averted by the insertion of B efficacy as an assortment criterion in precision breeding plan 

for areas with low soil B. Additionally, the emergence of B deficit predominantly via male 

infertility (sterility), which is especially common in several species, generates prospects for 

outcrossing in typically self-fertilized species (Huang et al., 2000).  

In another study Subedi et al., (2000; 2001) reported different patterns of seed set in 

B deficient along with cold depressed wheat. They conclude that in presence of cold 

weather (chilling stress), wheat grain setting in potentially productive florets is declined. 

During reproductive development, B deficit plus coldness (low temperature) eventually 

leads failure in grain setting. In cold-stressed and B deficit situations, ear fertility of wheat 

was diminished up to 98 % without changing the pattern of seed setting inside the ear. 
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In cereals like wheat, B deficiency limits plant reproductive growth more strictly 

than vegetative growth. B depletion, removal or absence from the root medium, for 

barely not more than three days, at pollen and anther development or elongation stages 

badly affected the plant structures and finally resulted in to the collapse of pollen viability  

(Huang et al., 2000; Coetzer and Robbertse, 1987; Cheung, 1996; Cohen and Lepper, 

1977). The depressing effects on anther-length of wheat is owing to the B deficit in the 

form of its removal, and this also projected that B positively perform its role in cell walls 

of reproductive structures which is identical to vegetative growth (Huang et al., 2000; 

Hue and Brown, 1994; Darvill et al., 1980). In few Asian countries (like India, China, 

Pakistan, Bangladesh, Nepal and Thailand) wheat sterility is a ubiquitous hindrance in 

rice-wheat farming systems that caused serious grain yield reductions (Rerkasem, 1996a). 

In wheat, B deficiency resulted into the formation of sterile floret of wheat (Rerkasem, 

1996a, b) and this sterility was not only due to B but some other factors may also took 

part in it like heat stress or elevated temperature (Rerkasem and Jamjod, 1997b; Saini and 

Aspinall, 1982), water scarcity (Saini and Aspinall, 1981) and cold temperature (Huang 

et al., 1996; Subedi et al., 1998a; 1998b: Pant 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 et al., 

1994; Rerkasem, 1996b; Rerkasem and Jamjod, 1997; Rerkasem et al., 1989). Some time 

vegetative parts did not exhibit any apparent B deficiency symptoms in leaf or growth 

drop even when the youngest leaves contained < 2 mg B kg-1 dry matter. Lordkaew and 

Dell (1997) revealed that for successful grain setting, 10 mg B kg-1 dry matter is essential 

for wheat anthers (Rerkasem, 1989; Rerkasem and Jamjod, 1997; Lordkaew and Dell, 

1997). The striking difference in the susceptibility to B deficiency between vegetative 

and reproductive growth makes the early detection and prediction of B deficiency 

difficult in the field. Therefore, identification of critical periods of anther and floret 

development would allow timely application of corrective B fertilizer treatments, as foliar 

B sprays, to reverse the effects of B deficiency on floret fertility (Eguchi and Yamada, 

1997; Hanson and Breen, 1985). Boron plays essential roles in the structure and function 

of cell walls and cellular membranes (Cakmak and Roemheld, 1997; Matoh, 1997; Hue 

and Brown, 1994; Darvill et al., 1980). Although the direct roles of B in sporogenesis, 
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pollen germination and pollen tube growth are yet to be confirmed (Dell and Huang, 

1997; Coetzer and Robbertse, 1987; Cheung, 1996), a role for B in pollen cell walls may 

be expected. Borate- rhamnogalacturonan-II complex was detected in the cell walls of 

pollen tubes (Matoh et al., 1998; Cai et al., 1997). Wongmo et al., (2004) investigated 

that B deficiencies caused reduction in grain setting in form of decreased number of grain 

per spike and grains spikelet−1 while in barley, low B significantly lower the number of 

spikelet per spike by 23 to 75 % and also stimulated terminal spikelet deterioration. There 

was a poor correlation amongst flag leaf B and spike. Some times in barley genotypes, 

the low B doses decreased grain setting which eventually delayed the emergence of 

spikes and also lowered the number of spikes per plant however at times it resulted into 

improved tillering and straw weights. B deficiency in wheat guided depressed pollen and 

anther growth and eventually resulted into decline in grain setting and yield (Cheng and 

Rerkasem et al., 1993; Cheung, 1996; Pant et al., 1998), likewise a variety of in-vitro 

investigations illustrated that B performed supportive role in pollen tube growth and 

germination in wheat plants as well (Cheng and Rerkasem, 1993; Cai et al., 1997). In the 

case of wheat, floret sterility induced by B deficit is mainly caused by sterile pollen, 

which ultimately resulted into male sterility (Cheng and Rerkasem, 1993; Rerkasem et 

al., 1997; Pant et al., 1998). Since B has limited phloem mobility in crops like wheat 

(Brown and Shelp, 1997), continuous B supply is required for healthy reproductive 

growth (anther, pollen and ovule development), in order to avoid the sterile impact of B 

deficiency on floret. However, the most sensitive stage of microsporogenesis of wheat in 

relation to B deficiency has yet to be identified. On the basis of studies on other 

environmental factors such as high temperature, light intensity or shade (Noppakoonwong 

et al., 1993; Tanaka, 1966) and water scarcity, Rawson (1996a) suggested that meiosis of 

pollen mother cells would be the critical phase for B supply, but later evidence (Rawson, 

1996b) only indicated a critical period of 1 week between the emergence of the flag leaf 

tip to the early emergence of ears. By contrast, Rerkasem et al. (1997) carried out a soil 

culture experiment with long-term low B supply and found that microsporogenesis 

proceeded normally up to the vacuolated young microspore stage, but pollen maturation 

failed, resulting in malformed pollen at anthesis. In wheat, the B requirement for 

reproductive growth is higher than for vegetative growth (Rerkasem et al., 1997). A 
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fertile floret of wheat requires 48 mg B kg-1 dry matter in anthers and 5 ± 6 mg B kg-1 dry 

matter in carpels (Rerkasem and Lordkaew, 1996; Rerkasem et al., 1997; Pant et al., 

1998). Anthers and carpels account for about 2 % of the ear total dry weight, but hold 

6±7% and 4±5% of the total B in the ear, respectively (Rerkasem and Lordkaew, 1996). 

Therefore, florets are relatively strong sinks for B during their development, compared to 

other floral parts. The B deficiency treatments in the present study may have decreased 

the B supply to the floret, given that the B concentrations in flag leaf blades declined to 

51 mg B kg-1 dry matter. Long periods of B withdrawal (e.g. 17, 25 d) may have also 

affected female fertility of wheat floret, contributing to the low grain set. Wongmo et al., 

(2004) also revealed that several barley and a wheat genotypes (Tatiara) exhibited 

increased tillering at those B levels where B also lower down grain setting. This 

encouraging effect of low B was perceived even when grain setting was absolutely 

depressed. The improved tillering of wheat crop in low B was resulted in to a substantial 

boost in the plant dry matter. Nevertheless, these redundant wheat tillers were mostly 

unfruitful (without grains). The number of spikes plant−1 was actually depressed by B 

deficiency in some of the barley genotypes, by up to 90% (Wongmo et al., 2004). Nable 

(1988), acknowledged that the majority of delicate and susceptible plant species when 

exposed to excess B, they accumulated extra B in shoots and roots than tolerant cultivars 

(Ferreyra et al., 1997). Additionally, the competency of tolerant cultivars to engage with 

maximum B in soil or other medium was not a result of a capability to tolerate excessive 

B concentrations in the plant components (Ferreyra et al., 1997; Nable, 1988; Nable et 

al., 1990). The mechanism of differential B tolerance in wheat is absolutely as a result of 

unpredictability of B in uptake via root. It seems that B susceptibility and tolerance to 

excess B is entailed in divergence in B uptake that guided to differentiations in B 

distribution within the plant components (Cartwright et al., 1987). 

Rerkasem and Jamjod (2004) studied various genotypic variations in plant 

response to low B and implications for breeding purposes. They concluded that plant 

response to low B in the soil varies widely amongst species, and among genotypes within 

a species. Boron efficient genotypes are those that are able to grow well in soils in which 

other genotypes are adversely affected by B deficiency. This review considers the extent 

of variation in B efficiency in plant species and genotypes, the physiological nature of the 
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efficiency mechanisms, what is known of the genetic basis for inheritance, screening 

techniques and the practical implications of the genotypic variations. Frequently, B 

efficiency is the sole reason for a difference between an average yield and complete crop 

failure. Severe yield losses can be effectively prevented by the inclusion of B efficiency 

as a selection criterion in crop breeding and improvement programmes for regions with 

low B soils. In addition, the expression of B deficiency primarily through male sterility, 

which is common in many species, creates opportunities for outcrossing in normally self-

fertilised species. This, in turn, leads to two possibilities. Firstly, self fertilisation, and 

therefore maintenance of pure lines, cannot always be assumed in self pollinated species 

where B efficient and inefficient genotypes are grown side by side on low B soils. 

Secondly, B deficiency, in soil or artificial media, may be used as a fertility selective 

medium in which the male sterile B inefficient genotypes and the male fertile B efficient 

genotypes could hybridise naturally. This would be useful as a simple and economical 

method for creating heterozygous populations in breeding programmes as well as for 

producing hybrid seeds. Now that the roles of B in plant growth and development are 

beginning to be clarified, the efficiency mechanisms as well as the governing genetics 

can be explained. Practical benefits from the genetic diversity of B efficiency will be 

enhanced by a better understanding of B efficiency mechanisms and the molecular bases 

for their genetic control (Miwa, et al., 2008). Subedi et al., (2000) Pattern of grain set in 

boron-decient and cold- stressed wheat (Triticum aestivum L.) When crops of wheat are 

stressed, grain set in potentially fertile orets is reduced. Cold temperatures and boron (B) 

deficiency during reproductive development cause grain set failure in wheat. Patterns of 

grain set in cold-stressed and B-decient wheat ears were studied under cold conditions in 

Nepal and in controlled environments in the UK (Archer and Hodgson, 1987). In both B-

deficient and cold-stressed circumstances, ear fertility was reduced by up to 98% but the 

pattern of grain set within an ear was similar. Under cold-stressed conditions, florets in 

the uppermost one-third of the ear were 41 to 53% less fertile then those located in the 

middle and basal regions. Even in the unstressed crops, the top one-third of the ear was 

less fertile than below by as much as 813%. Similarly, within a spikelet, the distal florets 

always had fewer grains than the proximal ones. Decreased grain set following stress 

markedly reduced yield per ear. We conclude that fertility should be assessed on the 
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entire ear. The determination of competent orets should be based on the presence of well-

developed ovaries, feathery stigmas and the structures of anthers (which can still be seen 

in the sterile orets at maturity) rather than on the length of the lemma or on judgements 

based on visual appearance or other subjective criteria. 

2.25 Sources of boron 

At present, many B sources are easiliy available in the markets and these can be 

used as B fertilizer. These are well-refined and absolutely soluble compounds of boron. 

These include boric acid {H3BO3,17 % B}, Na-tetraborate (21.4%B), solubor (20.8%B), 

borax or sodium tetraborate decahydrate (11.3%B), B-frits (8-10% B), colemanite (6-8 % 

B, variable), ulexite, hydroboracite, ascharite and datolite ores also contained B but in 

variable amounts (Shorrocks, 1997). Many researchers used various B sources for B 

fertilization depending upon the solubility of the material (Sherrell, 1983). H3BO3 and 

borax are easiliy dissolved in soils and are quickly available for plant uptake, but at the 

same time there is a problem of leaching if B is not adsorbed or uptaken. 

2.26 B uptake by different crops 

The research work in Australia on boron uptake by cotton crop revealed that total 

B uptake by from high pH cracking clayey soils were nearly 200 g ha-1 (Constable et al., 

1988). They further investigated that Zn and B uptake continued all through the growing 

span. They also analyzed wooly seed and lint and concluded that 21 g B and 13 g Zn per 

bale of lint (225 kg) were removed at crop maturity or harvest. B uptake by plants of bell 

pepper was influenced by B distribution between solid and liquid segments in soil. There 

was a linear correlation between B content in the soil and B uptake by the plants. They 

also revealed that in the combination of soil plus sand, B content in the plant leaves were 

significantly higher than those plants that were established in the soil system alone at any 

rate of B addition. Further, they also revealed that soil solution B significantly affect B 

uptake by bell pepper plants and adsorbed B had no effect on B uptake (Keren et al., 1967). 

Rochester (2007), conducted an excellent study on uptake and export of different 

plant elements in Australia by using cotton as test crop. He reported that lint yields of 

seven cotton crops varied from 975-2725 kg ha-1. He also estimated uptake of boron and 

other nutrients at initial to delayed boll formation stages. According to his findings cotton 

crops accumulated an average of 340 g B ha-1. Additionally, the cottonseeds (within 
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harvested seed cotton) also removed extra 41 g B ha-1. For crops yielding about 

1800 kg/ha, 12 % of B was removed in the seed or consumed/taken up by cotton crop. 

Similarly many other researchers revealed that the majority of crops removed ≤ 

100 g B ha-1 (Shorrocks, 1997; 1992; Chiu and Chang, 1985; Woodruff et al., 1987). 

They further concluded that many crops like sugar beets, lucerne, cotton and fruits 

usually had more B uptake and at some instances reached up to ≥ 300 g B ha-1. Despite 

the small amounts of B removed by cereals in grain, B deficiencies do occur because of 

the particular B requirement for fertilization and seed set (Wankhade et al., 1997). 

2.27 Carryover or residual influences of boron applied to soil 

The span of each carryover or residual consequences of soil supplied B was 

obviously reliant on several soil physico-chemical properties, predominantly those that had 

significant role in leaching (i.e. soil texture), desorption or adsorption. Thus, it is 

impracticable to explicate length or interval of residual impacts of boron, apart from 

followed by comprehensive localized experimentations. Many researchers reported toxic 

residual affects of B on different crops (Gupta and Cutcliffe, 1982; 1984a). The diverse 

methods of B application, B doses as well as tillage practices (whether they are integrated, 

mixed and incorporated in soil or not had distinct impact on the time taken of residual 

consequence (Wilson et al., 1951). Actually, B deficit in soils are extremely frequent in 

coarse or sandy textured soil. It was well established that boron or borates are easily 

leached from surface soil to lower profiles. Therefore, researchers recommended that B 

applications for only one crop at the rate of 1 to 2 kg ha-1 were very effectual with modest 

residual or carry-over impacts to a second crop or next year (Shorrocks, 1997). Wherever 

in the rotation, B is required by just about a solo crop, this signifies that the each one such 

crop must be provided B. Conversely, the adsorption of B by CaCO3 as well as fine or 

clayey textured soils can resulted in significant residual or carry-over effects (Gupta and 

Cutcliffe, 1982, 1984; Goldberg, 1997; Communar and Keren, 2005; Naftel, 1937). 
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MATERIALS AND METHODS 

 
 
Study 1 
3.1 Boron status of soils under wheat – cotton cropping system as influenced by soil 

pH, organic matter, calcium carbonate (CaCO3) and soil texture 

This study was initiated during 2005-2006 at Institute of Soil and Environmental 

Sciences (ISES), University of Agriculture, Faisalabad (UAF) to accomplish the reliable 

facts and figures regarding boron (B) status of Pakistani soils that are distinguished 

because of their alkaline pH, calcareousness and low fertility status (organic matter 

content <1%). Therefore, a detailed soil survey was performed and soil samples were 

collected from eighty-one sites from different villages of Punjab to assess the boron 

concentration in soils and plants in wheat-cotton growing areas of Punjab, Pakistan. 

3.1.1 Selection of the experimental site 

Soils were selected for B determination in the wheat-cotton belt with the team 

consisted of experts/ researchers from the Department of Agriculture (Punjab) and 

Institute of Soil and Environmental Sciences, University of Agriculture, Faisalabad. After 

selection of sites, soil samples were collected from districts of Faisalabad, Jhang, Toba 

Tek Singh, Vehari and Sahiwal. The climate of the area is arid to semi arid subtropical, 

with a mean annual rainfall of 340 mm (13.6 inches) most of which falls during the 

months of Monsoon (July-August), in the form of high intensity rainstorm and 

downpours. A very low amount (roughly 1/3rd) of the total rainfall is received during 

winter months (December to February) in the form of low intensity spells of rain but of 

prolonged periods (Soil Surevey of Pakistan, 1971). 

3.1.2 Sample collection and preparation 

After the site selection, composite soil samples were collected from farmer’s 

fields with the help of 5 cm diameter auger, properly tagged with location particulars and 

then transferred to the laboratories of Institute of Soil and Environmental Sciences 

(ISES), University of Agriculture, Faisalabad during 2005-2007.  

CH A P TE R  CH A P TE R  CH A P TE R  CH A P TE R  ––––     3333     
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Subsequently each soil sample was methodically mixed, cleaned (from roots/ 

straws), air-dried, sieved (~2 mm mesh size) and subsequently stored in sealed plastic 

jars after labeled for further measurements. Surface soil samples were collected from 0-

15 cm soil depths. All analyses were performed for chemical characteristics of the soils 

by following the methods described by Rashid (1998), Bingham (1996) and Richards 

(1954). 

3.1.3 Preparation of saturated soil paste 

Soil weighing 250 g was taken in a plastic beaker and saturated soil paste was 

prepared by adding distilled water. After ten minutes, this saturated soil paste was kept at 

room temperature for further analysis (Bigham, 1996; Richards, 1954). 

3.1.4 pH of saturated soil paste 

pH meter branded as Corning with glass and calomel electrodes was utilized to 

evaluate the pHs of soil samples (saturated soil pastes). First of all, pH meter was 

standardized with buffer solutions of pH 7.00 and 9.20. Soil pHs of all soil samples were 

measured by following the methods of McLean (1982). 

3.1.5 Electrical conductivity (ECe) of saturation extract 

After taking the reading of pHs, the saturated soil paste was put in an extractor to 

get the extract from the saturated soil paste. An EC meter (Corning) was used to 

determine the electrical conductivities (ECe) from the saturated extracts by following the 

methods of Rhoades (1982). 

3.1.6 Soluble calcium + magnesium 

Calcium and magnesium were estimated by titrating the saturated extract with 

EDTA (ethylenediamine tetra-acetate disodium salt) (versenate) by using buffers and 

indicator (EBT i.e. Eriochrome black-T) to end point when solution turned into bluish 

green or greenish blue (Bingham, 1996; Richards, 1954). 

3.1.7 Soluble potassium 

An aliquot from the saturated extract was used for potassium determination by   

using flame photometer model PFP.7 Jenway (Bingham, 1996; Richards, 1954). 

3.1.8 CaCO3 or lime  

Lime was determined by the Calcimeter method by following the methods of   

Moodie et al. (1959) and Page et al.  (1982) by using 6 N HCl solutions. For this purpose, 
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2.50 g soil sample was taken in a beaker and then it was treated with HCl in 1:1 ratio. 

The magnitude of CO2 released from the soil samples were collected and calculated. This 

CO2 obtained, represented the occurrence of CaCO3 in the soil samples  

         CaCO3 (%) = CO2 released (ml) × (0.00399) / weight of soil sample taken (g) 

3.1.9 Particle size analysis 

Particle size analysis was performed by following the methods described by Gee 

and Bauder (1986). To 60 g of soil added 60 ml of 1 % sodium hexa-metaphosphate 

solution and kept over night. This material was shifted to dispersion cup and plunged 

with the help of stirrer and afterward reading was noted by Bouyoucos hydrometer 

(Moodie et al., 1959). Soil texture was determined using triangle of International Society 

of Soil Science. 

3.1.10 Available phosphorus 

Soil available P was extracted by taking 2.50 g soil and added 0.50 M NaHCO3 

solution that was adjusted to pH 8.5 (with the help of 50 % w/w NaOH) by following the 

methods of Watanabe and Olsen (1965) and Page et al.  (1982).  

3.1.11 Organic matter  

Procedure used was the same as illustrated by Nelson and Sommers (1982) and 

Walkley and Black (1934). About 0.50 g of soil was mixed well with 5 mL of 1 N 

potassium dichromate solution in a 50 mL conical flask. 10 mL H2SO4 (commercial 

grade) was mixed and reserved for almost 35±5 minutes, slowly added 100 mL water and 

diluted the contents and subsequently added indicator (0.50 mL of diphenylamine) and 

titrated against FeSO4.7H2O (1 N) up to end point when solution turned in to purplish or 

bluish in colour. 

3.1.12 Soil Extraction By 0.05 M HCl for B Determination 

Analysis of boron required extraordinary and exceptional attentions (special 

treatment) because it needs very sensitive instrumensts and apparatuses. Further, ordinary 

glasswear should not be used during its analysis because this glass contained borosilicates 

(silica glass). This glass-wear sometimes created problems with the B concentration in 

minor ranges. So, for this purposes we use special boron free glass-wear and 

polyproplen-wear like beakers, funnels, volumetric and conical flasks.  
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Soil B was measured after shaking and extraction it with 0.05M HCl 

(Ponnamperuma et al., 1981; Rashid, 1998; Keren, 1996) and colour was developed by 

azomethine-H by using spectrophotometer (Genesis-5 Spectronic) at 420 nm wavelength 

by following the methods of Malekani and Cresser (1998). 

3.1.13 Technique for soil B estimation 

5 gm soil was weighed in Polypropylene tubes and 10 ml 0.05 M HCl was added 

and kept for few minutes and then samples were filtered through Whatman No.1 filter 

paper. B in the samples collected was examined on the Spectrophotometer, after 

developing colour by azomethine-H reagent (Rashid, 1997; Bingham, 1982; Parker and 

Gardner, 1981; Mazaheri, 1976; Sims and Johnson, 1991; Wolf, 1971; 1974). 

3.1.14 Total N (%) 

Total N (%) was determined in the soil after digestion and distillation process by 

following the methods of Tecator (1981). Nitrogen was determined by Gunning and 

Hibbard’s method of H2SO4 digestion. 0.5g of oven dried plant sample was taken in 

Kjeldahl flask and 30ml concentrated H2SO4 plus 10g digestion mixture {K2SO4: FeSO4: 

CuSO4 at ratios of 10:1.0: 0.5} was added and the material was digested on gas heater. It 

was cooled and made the volume 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 titrated against standard (0.10 N) H2SO4  (Jackson, 1962). 

3.1.15 Plant Analysis 

Plant tissue samples were collected from wheat-cotton growing areas of Punjab to 

assess the accurate B status in plants especially in alkaline pH and calcareous nature of 

soil.  Plant samples at pre-flowering stage of cotton and pre-booting stage (at tillering) of 

wheat were collected. After washing with well-distilled and de-ionized water, these plant 

samples were oven dried at 70oC in an air forced oven for 48-72 hours and subsequently 

ground with plant grinding willey mill. Following apparatus, equipment and reagents 

were applied in dry ashing procedure and B determination. B concentrations in wheat and 

cotton plants were determined by following the method of Mills and Jones (1996); 

Bingham (1982) and Ho et al.  (1986). 

3.1.15.1 Apparatus 

1. Muffle Furnace 
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2. Hot Plate 

3. Spectronic Spectrophotometer (Genesis-5). 

3.1.15.2 Reagents  

Following reagents were used for the determination of B in soil and plant samples 

collected from cotton belt of Punjab, Pakistan. 

3.1.15.3 Buffer- masking reagent 

Dissolved 250 g NH4OAC (Ammonium acetate), 15 g ethylene-diamine-tetra 

acetic acid (di-Sodium salt of EDTA) in 400 ml distilled water. Then gradually but 

slowly added 125 ml of glacial acetic acid. During this whole procedure, samples were 

thoroughly agitated or stirred and afterward heated to liquefied or dissolved the contents 

and filtered through whatman # 1 filter paper to eliminated any suspended or un-

dissolved remains/residues. 

3.1.15.4 Azomethine-H reagent 

Dissolved 0.90 g Azomethine-H (Pierce Chemical Co.) and 3 g of ascorbic acid in 

water with gentle heating and diluted up to 100 ml volum. The samples were reheated to 

remove turbidity of solution. These reagents were prepared freshly for every analysis (but 

under few circumstances these were stored/reserved for 7-10 days in brown bottle in 

refrigerater) (Bingham, 1982). 

3.1.15.5 Working solution 

Working solutions were prepared by add 80 ml Azomethine-H reagent to 320 ml 

buffer-masking reagent for approximately 48 samples included standards. This solution 

was prepared newly each day. 

3.1.15.6 Stock solution of B 

100 mg kg-1 (or 100 ppm B): Dissolved 0.57 g boric-acid in water and diluted it to 

1 L. This was 100 mg B kg-1 (or100 ppm B) stock solutions. 

3.1.15.7 B standards  

Boron standards were made as follows in 100 ml volumetric flask. 

3.1.15.8 Dilute H2SO4 (0.36 N) 

Diluted 10 ml concentrated H2SO4 (sulfuric acid) to 1 L with deionized water. This 
was 0.36 N H2SO4 and it was stored in a separate bottle for about 15 days.
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Table 3.2.2.1 Boron standards prepared by 0.36 N H2SO4 

 

3.1.15.9 Sample preparation 

Weigh 1 g samples in to 30 ml high-form porcelain crucible in muffle furnace for 

1-3 hrs at 450-600oC and than cool the sample. Note that there should be no any black 

particles in the ash sample. The sample colour was greyish or white. Then ashed samples 

were wetted with 8-10 drops of deionized water and subsequently took 10 ml 0.36 N 

H2SO4 with the help of a pipette into the crucible. Samples were then kept or reaction at 

room temperature for just about 50 to 60 minutes. Sporadically samples were stirred with 

the help of plastic or boron free glass rod to break up ash Exciting. Then these samples 

were filtered through whatman # 1 filter paper. This filtrate was used for B determination. 

3.1.15.10 Colour development 

 Colour was developed by pipetted 4 ml sample filtrate into test tube and added to 

it 4 ml of buffer-masking reagent and 1 ml azomethine-H reagent. Sampled were mixed- 

up meticulously and thoroughly. Then samples were allowed to developed colour for 50-

60 minutes. After colour development these samples were measured for their   

absorbance at 420 nm using a Spectronic GenesisTM Spectrophotometer. Boron 

concentrations of sample were determined from the standard curve constructed by 

plotting absorbance versus concentration of standards in µg B ml-1. 

3.1.15.11 Calculations: 
 B (µg B ml-1) in sample = µg B ml-1 x   10ml final volume 
                     Sample weight (g) 

3.1.15.12 Statistical analysis 

All the data regarding soil physico-chemical properties (pH, OM, CaCO3, texture 

and boron concentration were subjected to statistical analysis including mean, median, 

mode, standard deviation, maximum, minimum, range, skewness and kurtosis values. 

Further, simple correlation analysis was done to estimate correlation coefficients between 

Concentration 
(µg B ml-1) 

‘B’ Stock solution 
(ml) 

0.36 N H2SO4 

(ml) 
Final volume 

(ml) 
1.0 1.0 99 100 
2.0 2.0 98 100 
3.0 3.0 97 100 
4.0 4.0 96 100 
5.0 5.0 95 100 
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different soil properties and B concentration in soil. In addition, the regression analysis 

was also performed to conclude better linear relationship between soil properties and B 

content of soils (regression equations and R2 values) (Steel and Torrie, 1980; Wilkinson, 

1990; SAS, 1988; Bailey, 2008; Kirk, 1995; Hinkelmann and Oscar, 2008a). 

Study 2:  
3.2 Boron content in canal and ground water samples collected from wheat- cotton 

growing areas of Punjab 

Boron is a prospective microelement which is predominantly present in soil 

parent material but also added to soil through irrigation water (either canal or tubewell 

water) but in Pakistan this nutrient has profoundly been disregarded for plant health 

perspective. 

3.2.1 Collection of canal water samples 

Water samples were collected from different canals and their distributaries during winter 

months of Dec.-Jan., 2005-2006 and summer months of Jul. – Aug., 2006-07. 

Subsequently, these water samples were analyzed for pH, electrical conductivity (EC), total 

soluble salts (TSS) and boron concentration by following the methods given by Richards 

(1954), Bingham (1982), Borax (2002) and ISO (1996). 

3.2.2 Collection of ground water (tubewell water) samples 

Ground water samples were also collected from tubewells installed at farmers 

field sited in different villages in districts of Jhang, Toba-tek-singh, Faisalabad, Multan 

and Vehari during 2005-2006 and 2006-2007 and afterward analyzed for pH, electrical 

conductivity (EC), total soluble salts (TSS) and boron concentration by following the 

methods given by Richards (1954), Bingham (1982) and Borax (2002). 

3.2.3 Statistical analysis 

All the data regarding water characteristics (pH, EC, B concentration, and TSS) 

were subjected to statistical analysis including mean, median, mode, standard deviation, 

maximum, minimum, range, skewness and kurtosis values. Further, simple correlation 

analysis was done to estimate correlation coefficients between different soil properties 

and B concentration in soil. In addition, the regression analysis was also performed to 

conclude better linear relationship between soil properties and B content of soils 

(regression equations and R2 values) (Steel and Torrie, 1980; Hinkelmann and Oscar, 
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2008b; Hinkelmann and Oscar. 2005; Box et al., 2005; Wilkinson, 1990; SAS, 1988; 

Bailey, 2008; Kirk, 1995; Hinkelmann and Oscar, 2008a). 

3.3 FIELD STUDIES:  

3.3.1 Effect of B fertilizer on growth and yield of cotton and wheat in calcareous 

soils of Pakistan 

3.3.1.1 Cotton (Gossypium hirsutum L.) 

This two-year study was started at the Institute of Soil and Environmental 

Sciences, UAF, to determine the responses of cotton to various levels of boron under 

wheat-cotton cropping system of Pakistan. The soils were generally built-up in 

calcareous, sandy, silty, loamy and clayey material of alluvial and loessial deposits. 

According to the U.S. taxonomical classification, the sub groups of these soils were Typic 

Torripsamments, Typic Camborthids and TypicHalorthids Ustochrepts. The major 

irrigation systems depends upon river Indus and its associates like Jhelum and Chenab, 

while few soils were also irrigated with under ground water by tubewells. The soil series 

of the experimental sites were Jhang series (S1), Sultanpur series (S2) and Sindhelianwali 

series (S3). The experimental sites were situated between longitudes 720 0/ and 730 45/ 

east and latitudes 300 30/ and 320 0/ north and the soils have formed in a river terrace 

(Sandal Bar) and in the alluvial deposits of River Chenab and River Ravi with few loess 

deposits of silty materials. The parent material of the area was ranged in age from Late 

Pleistocene to Late Holocene. Three different districts of Punjab (Vehari, Jhang and 

T.T.Singh) were selected where cotton is planted commonly (cotton belt area) to 

ascertain the significance of preplant soil application of B fertilizer on cotton growth and 

lint yield. Ten B treatments were applied included; a check plot or zero 0 B (T1), 0.25 

(T2), 0.50 (T3), 0.75 (T4), 1.00 (T5), 1.25 (T6), 1.50 (T7), 1.75 (T8), 2.00 (T9) and 3.00 

(T10) kg B ha-1 at sowing. Recommended NPK fertilizers for cotton (NPK @ 115, 60 and 

60 kg ha-1) were broadcasted. All P, K, B and 1/3 N were applied at sowing while 1/3 N at 

1st irrigation and remaining 1/3 was applied at flowering. Cotton (Gossypium hirsutum L.) 

cultivar CIM 443 (known as resistant against leaf curl virus) was obtained from Cotton 

Institute, Multan and were planted at all the sites (S1, S2 and S3) between May 20 and 25. 

The seed was delinted (by treating it with 1L commercial H2SO4 for 8-10 kg wooly/fuzzy 

seed) and fumigated with fungicides or other pesticides before sowing.  
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The experiment was layed out according to RCBD (statistical design) with three 

replications. Plant growth measurements were done to determine flower development, 

boll retention, boll shedding and the boll weight. Crop management practices were 

carried out to control the weeds and pests by using weedicides and pesticides throughout 

the growth period. The data were collected and statistically analyzed for determining the 

significance of this micronutrient. Cotton petiole and leaf blade samples were taken at 

flowering and square formation stages and were analyzed for B concentration in leaves. 

The crop was harvested in last week of December up to 15 January. Following growth 

and yield parameters were recorded; number of bolls plant-1, boll weight (g), seed cotton 

yield (kg ha-1), dry matter yield (kg ha-1) and lint yields (kg ha-1) and the data recorded 

were statistically analyzed. 

3.3.1.2 Wheat (Triticum aestivum L.) 
Wheat seed (Triticum aestivum cultivar Chenab-2000) recommended by Wheat 

Research Institute, Faisalabad, Agriculture Department, Government of Punjab, Pakistan) 

was obtained from the respective institute and was sown after treated it with appropriate 

systemic fungicide (benlate @ 100 g/ 50 kg seed) at seed rate of 120 ± 15 kg ha-1 in the 

beginning of last week of November 2005-2006. Ten B treatments were applied included; 

a check plot or zero 0 B (T1), 0.25 (T2), 0.50 (T3), 0.75 (T4), 1.00 (T5), 1.25 (T6), 1.50 

(T7), 1.75 (T8), 2.00 (T9) and 3.00 (T10) kg B ha-1 at sowing. Recommended NPK 

fertilizers for wheat (NPK @ 120, 80 and 50 kg ha-1) were broadcasted. All P, K, B and ½ 

N were applied at sowing while ½ N at 1st irrigation. The experiment was layed out in 

design of RCBD (statistical design) with three replications. The crop was harvested at 

grain ripeness or maturity. Grain and biomass yield data were recorded by reaped the 

entire plot and afterward straw was separated from grains via Kuobota harvester and 

weighed. Following growth parameters were measured at wheat growth period including 

plant height (cm), number of tillers m-2, total biomass (kg ha-1), grains spike-1, 1000-grain 

weight (g), spike length (cm) and grain and straw yields (kg ha-1). Grain moisture was 

determined without delay subsequent to weighing and sub-samples were dried in an oven 

at 70°C for 2 to 3 days to acquired 12 % moisture level in grain and straw samples.  
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3.3.2 Foliar B application on cotton and wheat crops grown in alkaline calcareous 
soils 

Boron is very sensitive element as its range of essentiality and toxicity is 

exceptionally narrow, so low concentrations of foliar B were incorporated in this study. 

For determining the effect of B fertilizer on cotton and wheat, foliar sprays were applied 

at different growth stages. Five B levels were applied @ Control, 0.25, 0.50, 0.75 and 

1.00 kg ha
-1

 in three replications in RCBD, while all other recommended nutrients for 

cotton (Gossypium hirsutum cult-CIM 443) (NPK @ 115, 60 and 60 kg ha-1) and wheat 

(Triticum aestivum cult-Chenab-2000) (NPK @ 120, 80 and 50 kg ha-1) were applied. 

Sprays were performed on cotton before flowering, at flowering and at boll formation 

stages while on wheat before tillering, at booting and at milking stages. Boron was 

applied foliarly as borax (sodium tetraborate) with a power sprayer machine. Foliar B 

applications started at the bloom of first flower (initiation) and were repeated as the next 

growth phase appeared (as mentioned above). The check treatment received only water 

sprays. Plant leaf samples were obtained for B analysis. Leaf samples were obtained by 

removing 20 leaves from each plot from the upper most fully expanded main stem leaves. 

The cotton crop was harvested in first week of January and following growth and yield 

parameters were recorded including number of bolls plant-1, boll weight (g), seed cotton 

yield (kg ha-1), dry matter yield (kg ha-1) and lint yields (kg ha-1). The wheat crop was 

harvested in last week of April and following growth and yield parameters were recorded 

including plant height (cm), number of tillers m-2, total biomass (kg ha-1), grains spike-1, 

1000-grain weight (g), spike length (cm) and grain and straw yields (kg ha-1).  

3.3.3 Residual effect of B applied to previous cotton on wheat  

In Pakistan, nearly 50% of wheat crop is planted after cotton, 30% after fallow 

and 20% after rice with an average cropping intensity of 130% (Chaudhry et al., 1999). 

Prior to wheat sowing, composite soil samples (0-15 cm) were collected from the B 

treatment plots after harvesting of cotton and subsequently analyzed for determining the 

physico-chemical properties of soil. These plots were previously under the experiment in 

which B was applied to cotton. Wheat (Triticum aestivum cultivar Chenab-2000) was 

sown in the same fields after harvest of cotton but without B application on wheat. All 

other nutrients were applied to wheat (NPK @ 120, 80 and 50 kg ha-1) as recommended 

by Agriculture department. The wheat crop was harvested on the 2nd of May and 
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following growth and yield parameters were recorded plant height (cm), number of tillers 

m-2, total biomass (kg ha-1), grains spike-1, 1000-grain weight (g), spike length (cm) and 

grain and straw yields (kg ha-1). Post harvest soil sampling was also done immediately 

after harvest of wheat crop for the determination of residual B. 

3.3.4 Plant analysis 

Plant tissue samples were collected from each treatment plots of wheat and cotton 

to assess the B concentration in plants. Plant samples at pre-flowering stage and maturity 

(cotton seeds) of cotton and pre-booting stage (at tillering) and maturity of wheat were 

collected. After washing with well-distilled and de-ionized water, these plant samples 

were oven dried at 70oC in an air forced oven for 48-72 hours and subsequently ground 

with plant grinding willey mill. Following apparatus, equipment and reagents were 

applied in dry ashing procedure and B determination. B concentrations in wheat and 

cotton plants were determined by following the method of Bingham (1982). Further, 

grain and straw samples were ground, passed through 0.50 mm sieve and preserved for 

analysis to calculate the B uptake by the formula 

Total B uptake (g ha-1) = Grain B uptake + straw B uptake 

B uptake (g ha-1) = B concentration (mg kg-1) × yield (t ha-1) ×1000 / 1000 

3.3.5 Dry ashing 

Dry ashing is simple, non-hazardous and less expensive, compared with 

wet digestion (Chapman and Pratt, 1961). For dry ashing 0.50-1.0g of the ground 

plant material (at maturity) was taken in porcelain crucibles and were placed in a 

typical muffle furnace, and the temperature was increased from 400 to 550◦C and 

this ashing process was continued for 4.5 to 5 hours after attaining 550◦C. After 5 

hours, the furnace was shut-off (Mills and Jones, 1996). When the material was 

cooled, these samples were extracted by 0.36 N H2SO4, filtered through filter 

paper (Whattman # 1) and color was developed by Azomethine-H reagent and 

absorbance of the coloured material was noted at 420 nm on spectrophotometer 

(Bingham, 1982; Malekani and Cresser, 1998; Ho et al., 1986). 
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3.3.6 Statistical analysis 

Data were subjected to analysis of variance for a completely randomized design and 

significant differences determined using Duncan’s Multiple Range Test (Duncan, 1955) 

as outlined by (Steel and Torrie, 1980; Hinkelmann and Oscar, 2008b; Hinkelmann and 

Oscar. 2005; Box et al., 2005; Wilkinson, 1990; SAS, 1988; Bailey, 2008; Kirk, 1995; 

Hinkelmann and Oscar, 2008a). All the data recorded were statistically analyzed by using 

M-Stat-C Programme (Russel et al., 1986). 

3.4 Laboratory study  

Fractionation of soil boron under wheat cotton cropping system 

3.4.1 Procedural scheme for B fractionation 

Basic soil analysis was performed before starting the B fractionation experiments 

and keeping in view the alkaline pH and calcareous nature of soil, AB-DTPA solution 

was added for soil extraction procedure for Fe and Mn analysis by following Soltanpur 

and Workman (1979). 

3.4.1.1 Boron extraction from soil 

Twenty soil samples were collected from different soil series and then extracted for boron 

by using ten different extractants given in (Table 3.4.1.1). After shaking, B in the aliquote 

was determined by using Azomethine-H (as colour developing reagent) and B was 

measured on Spectronic GenesisTM Spectrophotometer. All the extractant were used by 

following the methods of Rashid (1997), Ponnamperuma et al., (1985); Goldberg (1997); 

Bingham (1982); Miller and Vaughan (1999); Shiffler et al., (2005); Hou et al., (1996); 

Jin et al., (1987) and Datta et al.,(2002). 

3.4.1.2 0.05 MHCl extractable or water soluble B (B0): 

2.5 gm soil was weighed in Polypropylene tubes and 5 ml 0.05 M HCl was added 

and kept for 16 hr shaking (Hou et al., 1996) at 25oC. Then samples were centrifuged at 

about 12000 rpm for 35 min. and then supernatant was collected in polypropylene tubes or 

plastic bottles after passing it through Whatman No.1 filter paper. B in the samples 

collected was determined by using azomethine-H reagent on the spectrophotometer. We 

use 0.05 M HCl extractant because it was significantly correlated (r = 0.99**  at P<0.01) 

with hot water soluble B and did not use 0.018 M CaCl2 as extractant because correlation 

coefficient value (r = 0.86*) is much lower than for 0.05 M HCl under our conditions. 
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Moreover, 0.05 M HCl solution does not obstruct with this spectrophotometeric 

determination as revealed by other researchers also (Rashid, 1997; Ponnamperuma et al., 

1985). 

Table 3.4.1.1 Different extractants used in B fractionation along with their code 

Code Actual Extractants 

E1 Hot water 

E2 0.05 M HCl 

E3 0.018 M CaCl2 (cold) 

E4 1 M NH4OAc 

E5 0.25 M sorbitol-DTPA 

E6 0.25 M NH4-oxalate 

E7 1:1 water  

E8 1:2 water 

E9 0.018 M CaCl2 (hot) + 0.05 M mannitol 

E10 0.005 M DTPA 
 

3.4.1.3 (B1) Exchangeable B fraction 

After extraction by 0.05 M HCl the residual soil sample was mixed with 5 ml (KH2PO4 

(0.05 M) (Hou et al., 1996) and shaked for 50 minutes at 25oC. The aliquote was 

analyzed after centrifugation and filteration described in B0 extraction. 

3.4.1.4 (B2) 0.02 M HNO3-H2O2 extractable B fraction 

This B fraction is also coated as organically bound B by many researchers (Hou et 

al., 1996; Jin et al., 1987; Datta et al., 2002). For estimation of this B fraction in the soil, 

the residual sample from above determination was used and added 2.50 ml of H2O2 (30% 

at pH2) plus 1.5 ml of 0.02 M HNO3 and heated at 90oC in a water bath for about one and 

half hr. Another increment of 1.50 ml of H2O2 was added and heated for 2 hrs and then 

cooled aliquot was mixed with 2.50 ml of 3.20 M NH4-oAc in 20% HNO3 and diluted to 

10 ml with water. The material was shaked on mechanical shaker for 25 min. and then 

centrifuged for separation. B was measured on spectrophotometer by developing colour 

with carmine. 
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3.4.1.5 (B3) NH4-Oxalate extractable B fraction 

This B fraction is also known as oxide bound B (Hou et al., 1996; Jin et al., 

1987). A 5 ml of acidic 0.25 M NH4–oxalate (pH 3.25) was mixed to the residue from 

previous determination and shaked for 3 to 4 hrs followed by separation and filteration of 

solution material. B was determined by using carmine reagent on spectrophotometer. 

3.4.1.6 (B4) Residual fraction 

For residual B fraction in the soil samples, the residual material from the previous   

determination was used and it was transferred into a Teflon beaker. In this residual 

material, 5-10 ml of 40% HF (Lim and Jackson, 1982). This beaker was heated at 140 to 

150oC by using a hot plate and the digested material was evaporated upto 0.75 to 1.75 ml. 

It should be useful to note that very high temperature caused B losses during digestion 

procedure (Zarcinas and Cartiright, 1987). Again, this procedure was repeated by using 

both acids (HF and HCl) as mentioned above. The suspension was cooled down, 

transferred it to 25 ml polypropylene volumetric flask, and finally made up the volume. B 

was determined Spectrophotometrically in the aliquote after filtration with carmine 

colouring reagent. 

3.4.1.7 Data Analysis 

B fractionation data was subjected to simple correlation analysis to estimate 

correlation coefficients between different soil properties and B fraction in soil, and also 

between different extractants used for B estimation. The regression analysis was also 

performed to conclude better extractant for B in calcareous and alkaline soils (Steel and 

Torrie, 1980; Hinkelmann and Oscar, 2008b; Hinkelmann and Oscar. 2005; Box et al., 

2005). 

3.5.1 Index for determination of B responses: 

For the categorization of soil and plant samples into low, medium and high 

as well as extremely deficient, moderately deficient and sufficient classes, 

respectively, the authentic critical limits given in Table 3.5.1 were used. Nutrient 

index value of soil was calculated by the formula used by Biswas and Mukherjee 

(1989): 

Nutrient index =  Ni+2Nm+3Nh 
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       Ni+Nm+Nh 
Where Ni, Nm and Nh is the number of samples in the low, medium and high 

categories, respectively, of available nutrient. The nutrient index classes were categorized 

into low, medium and high by comparing the calculated value of nutrient index (NI) with 

the recommended levels (Table 3.5.1). 

 
Table 3.5.1 Authentic critical limits of soils used to classify the analytical values in   
different categories  

Soil Analysis Plant Analysis 
Nutrient Low Medium High Reference Crop Low Medium High Reference 
Organic 
carbon 
(%) 

<0.50 0.5-0.75 >0.75 

Muhr et 
al., 1965 

Cotton <20 20-60 >60 

Jones et 
al., 1991; 
Rashid, 
2005. 

Boron 0.40 0.5-1.20 >1.20 

Borax, 
2002; 
Rashid, 
2005. 

Wheat <6 6-10 >10 

Jones et 
al., 1991; 
Rashid, 
2005. 

Nutrient 
index 
value 

<1.33 
1.33-
2.66 

>2.66 
Biswas and Mukherjee, 1989. 
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RESULTS AND DISCUSSION 

 

STUDY 1 

4.1    Boron status of soils under wheat – cotton cropping system as 
influenced by soil pH, organic matter, calcium carbonate (CaCO3) and 
soil texture 

This exploratory study was initiated during 2005-2006 at the Institute of Soil and 

Environmental Sciences, University of Agriculture, Faisalabad to reveal the phenomenal 

information about boron status of soils and plant in wheat-cotton growing areas of 

Punjab, Pakistan. As a preliminary research, soil samples were collected from eighty one 

sites of wheat cotton growing districts of Punjab and were analyzed for soil physico-

chemical properties like pHs, texture, ECe, CaCO3, organic matter (OM) and 0.05M HCl 

extractable soil B. The soils of surveyed area have developed on calcareous, sandy, silty, 

loamy and clayey material of late pleistocene age (>1000 years) alluvium and loess. The 

details of soil classification are presented in Table 4.1.1. In general, a hard stratum or 

plough pan occurred immediately beneath the customary plough layer and was generally 

3-5 inches deep. All soils are deeply developed and have fragile and weak or moderate 

grade of sub-angular blocky structure in the B-horizons (Soil survey of Pakistan, 1980-

2000). In some soils, weak granular structure is also present in the surface soil. A zone of 

lime accumulation (Kankar horizon) was established at ≅ 3 ± 0.50 feet depth in 

Hafizabad series and at ≥ 2.5 ± 0.25 feet depth in Bhalwal series. The soils are developed 

partially on the old river terrace, and to a certain extent on the channel-levee-remnant. 

The results showed that almost all the soils were normal regarding salinity or sodicity but 

all the soil samples were low in organic matter content and soil extractable B.  

4.1.1 Soil analysis (2005-2006) 

The results revealed that the coefficient of skewness and kurtosis accentuates the 

shape of the sample distribution (Table 4.1.2). A positive skew indicates asymmetry and 

irregularity in the distribution, with the elevated data values tailing to the right, and a 

negative skew represents inferior values tailing to the left. The results exhibited that soil  
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Table 4.1.1 Soil classification of the surveyed area. 

Sub-group  Family Soil Series 

Typic Camborthids Fine silty, calcareous, mixed hyperthermic Awaghat  

Typic Camborthids Fine loamy, calcareous, mixed hyperthermic Pindorian 

Typic Camborthids Fine silty, calcareous, mixed hyperthermic Lyallpur 

Typic Ustochrepts Fine loamy, calcareous, mixed hyperthermic and 

slowly permeable. 

Hafizabad 

Typic Camborthids Coarse loamy, calcareous, mixed hyperthermic, 

moderately rapidly permeable. 

Rasulpur 

Typic Ustochrepts Fine clayey, Illitic, calcareous, mixed and 

Hyperthermic silty clay 

Miranpur 

B concentration had a positive skew (1.64), with the mean greater than the median. Soil 

pH, OM and CaCO3 demonstrated slight but calculable negative skews. Kurtosis 

describes the relative size of the distribution’s tails. A positive coefficient of kurtosis 

specifies that the distribution is peaked, and a negative value point-out a relatively flat 

distribution. A relatively diminutive degree of kurtosis was revealed by all the soil 

properties, with the superlative effect perceived in soil B content (4.86) and pH (2.55), 

whereas soil OM and CaCO3 had negative kurtosis values. The summary statistics of data 

during 2005-06 showed that soil pH of the wheat-cotton zone was more than 8, OM 

content was very low, calcium carbonate (CaCO3) content was fairly high and water-

soluble B concentration was well below the critical value of 0.50 mg kg-1 (Table 4.1.2). 

Total N (%), available P and extractable K in all the soils were given in Annexure 9. The 

data showed that almost all the soils were low in available P and total N while about 50% 

soils were low in extractable K. 

4.1.2 Soil analysis (2006-2007) 

During next year (2006-07), soil samples were again collected from southern 

Punjab zone (wheat-cotton growing areas) and were analyzed for physico-chemical 

characteristics. The results showed that soil B concentration exhibited a positive skew, 

with the mean greater than the median (Table 4.1.3). Soil pH, OM, CaCO3 and soil 

extractable B showed a slight but quantifiable skewness. The results depicted in table 3 

exhibited that a small level of kurtosis was rendered by all properties, with an utmost 
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outcome in soil B concentration (3.43) followed by CaCO3 content (0.88) and then pH 

(0.22). A very small degree of positive kurtosis was exposed by soil B and CaCO3 

whereas OM showed negative kurtosis (-0.40). A negative kurtosis value in OM revealed 

a relatively flat distribution in the whole data while positive kurtosis values of CaCO3, 

soil pH and soil B concentration indicated that the distribution is well peaked. The 

elevated values of both soil characteristics (i.e. pH and CaCO3) indicated that the 

surveyed area was strongly alkaline in reaction along with greater calcareousness. When 

OM data was observed, a remarkable depiction of low fertility was clear-cut. The results 

showed that approximately hundred percent area was low in fertility and contained very 

low OM (i.e. < 1 %). 

Table 4.1.2 Summary statistics of the data regarding physico-chemical properties of 
surveyed area (2005-2006) (n = 81). 

Statistical Parameters B (mg kg-1) OM (%) CaCO3 (%) pH s 

Mean 0.32 0.62 6.29 8.07 

Standard Error 0.02 0.02 0.23 0.02 

Median 0.31 0.61 6.47 8.10 

Mode 0.23 0.46 6.28 8.10 

Standard Deviation 0.14 0.20 2.09 0.17 

Kurtosis 4.86 -0.61 -0.90 2.55 

Skewness 1.64 -0.04 -0.32 -0.99 

Minimum 0.11 0.15 2.14 7.45 

Maximum 1.07 0.99 9.72 8.55 

Table 4.1.3 Summary statistics of soil physico-chemical properties of surveyed area 
from Punjab, during 2006-07 (n=81). 

Statistical Parameters 
 

Soil B 
(mg kg-1) 

OM 
(%) 

CaCO3 

(%) 
pH 
 

Mean 0.37 0.54 9.33 8.16 
Standard Error 0.02 0.03 0.23 0.02 
Median 0.27 0.48 8.96 8.15 
Mode 0.25 0.44 8.96 8.00 
Standard Deviation 0.24 0.25 2.24 0.16 
Kurtosis 3.43 -0.40 0.88 0.22 
Skewness 1.77 0.70 0.43 0.16 
Minimum 0.11 0.23 4.22 7.65 
Maximum 1.37 1.28 15.57 8.55 
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4.1.3 HCl (0.05 M) extractable soil B (mg kg-1)  

The data revealed severe B deficiency in the surveyed soils during both the years. 

The results exhibited that out of 81 samples, 66 sites (82 % area) had B content in the 

range of 0.10 to 0.45 µg g-1 during 2005-06. These samples were in the deficient range 

because B concentration was well below the critical level of 0.50 mg kg-1 (Shorrocks, 

1997; Rashid, 2005, Niaz et al., 2002), while 12 sites (15 %) having B content in the 

range of 0.46 to 0.55 µg g-1 and only 3 samples (3 %) had B range of 0.56-0.1.07 µg g-1. 

The results represent graphically in Figure 4.1.1 demonstrated that the highest B 

concentration (1.07 mg kg-1) was observed only in one sample where soil was saline as 

ECe of soil was high (4.76 dS m-1), whilst the least B content (0.11 mg kg-1) was obtained 

from coarse textured soils that might be due to the leaching of B from sandy soils. The 

mean B content was 0.32 mg kg-1 with S.D. (0.14) and this low B was due to the high pH 

of soils and CaCO3 contents (Table 4.1.2). 

During 2007, the statistics regarding soil B portrayed that soil B deficiency was 

observed yet again. Soil extractable B content in next year varied from 0.11 to 1.37 mg 

kg-1 with a mean, median, and mode values of 0.37, 0.27 and 0.25 mg kg-1, respectively.  

Figure 4.1.1 Distribution of soil extractable B from the surveyed area (wheat-cotton 
cropping system of Pakistan) (n=81). 

0.46-0.55
15%

0.66-1.07
1% 0.10-0.15

4%

0.56-0.65
2%

0.16-0.25
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9%
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The greater standard deviation value (0.24) depicted that there was more variation in soil 

B concentration amongst all the samples. It was also noted that most of samples had 0.05 

M HCl extractable B concentration below the critical level. The maximum and the 

minimum B concentration values were 1.37 and 0.11 mg kg-1, respectively (Table 4.1.3). 

Contrasting to first year samples, mean soil B content was more during 2006-07. These 

results are solely in agreement with the findings of other researchers in which they 

revealed that water-soluble B is considered as plant available boron fraction and its 

content oftenly lie amongst 0.10-3.0 mg kg–1 (FAO, 1983; Shorrocks, 1997; Keren, 1984; 

Rashid, 2005; Niaz et al., 2002; Kausar et al., 1990; Kubota et al., 1948). These results 

are in accordance with the findings of many researchers in which they reported that 

coarse textured, low OM, calcareous and alkaline soils were considered as B deficient 

soils (Katyal and Randhawa, 1983; Shorrocks, 1997; Sillanpae, 1982, Borax, 2002; 

Rashid, 2005; Spouncer et al., 1992; Wang et al., 1997). Other researchers also reported 

B deficiency in Pakistan and their findings are fully in conformity with these results 

(Niaz et al., 2002; Rashid et al., 1997). However, few reasearchers used 1M HCl for the 

soil B extraction (Wrobel, 2004) because of variation in soil properties.  

Literature showed that B in soil solution exists principally as boric acid and the 

borate anion B (OH4)
- some of which could be complexed through cis-diol linkages to 

small soluble organic molecules (Gu and Lowe, 1990; Lehto, 1995) and occasionally B 

may be complexed to other cations (Goldberg and Glaubig, 1986a). The quantity of B 

present as borate anion and its relevance to plant nutrition is likely to be minimal 

(Goldberg, 1993). Further, these results are in accordance with the findings of Niaz et al., 

(2002); Rashid, (2005; 1995; 1996 b) and Rashid and Rafique, (1997). The worldwide 

study on micronutrients status regarding Pakistan also reported that 49 % area of Punjab 

was B deficient (Sillaanpae 1982). The low B availability to plants is also influenced by 

dynamic soil characteristics including organic matter, texture, cultivation, drought, and 

microbial activity (Goldberg, 1993; Wear and Patterson, 1962). Moreover, the findings of 

Goldberg and Forster (1991) also supported these results. They revealed that B sorption 

increased due to high calcite in soil and liming reduce the water-soluble B content of 

soils and also stimulated several injuries, which they categorized due to B inadequacy. 

Similarly, the findings of Katayal and Randhawa (1983), Niaz et al., (2002) and Borax 
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(2002) are in agreement with our results in which they accomplished that coarse textured 

sandy soils, low in OM along with calcareousness are inevitably low in available B. 

Further, these soils were also considered as B deficient due to their high pH (Bingham, 

1985). The results reported by Keren et al., (1972) revealed that B concentration in soil is 

lowered when clay content of soil is increased (Keren et al., 1985b). These results are 

also in accordance with the findings of Zheng et al., (1980) in which they revealed that 

most of Chinese soils were deficient in B (Zheng et al., 1982a; 1982b). 

4.1.4 Soil pHs 

Soil pH is a measurement of the alkalinity or acidity and is the most significant 

characteristics for plant growth dynamics as it determines the availability of various plant 

nutrients. The data indicated that majority of the surveyed area was alkaline in reaction 

(pH ≥ 7.50) (Figure 4.1.2). It was noted from results that out of 81 samples, only two soil 

samples had pHs values of 7.45 and 8.55 (comprised 1 % each), 28 samples had pH range 

of 7.50-8.00 (35 %) while remaining 51 samples had pH values of 8.0-8.50 (63 %). In 

general statistics of data pointed out that ≈ 99 % samples had pH > 7.50. Average pHs 

(8.07; SD = 0.17) was remarkably agreed with mode and median values (Table 4.1.2), 

whilst minimum, maximum and range pHs values were 7.45, 8.55 and 1.10, respectively. 

These results also exhibited that soils with low pH values (i.e. < 8.00), had greater B 

concentrations and vice versa. 

Simple correlation between soil pH and other characteristics was performed and 

the results depicted in Table 4.1.4 shows the negative correlation between soil B and pH, 

which indicated that as the pH of soil increased, the availability of B decreased. The 

correlation value of pH with B is (r = -0.35 at P < 0.05, n=81) and pH with OM is (r = -

0.60 at P < 0.05, n=81), while pH is positively correlated with CaCO3 (r = 0.33 at P 

<0.05, n=81). The regression analysis showed the regression equation (Table 4.1.5) and 

negative relationship (R2 –13) between soil pH and soil B concentration (Figure 4.1.3) 

and it clearly indicated that every unit increase in soil pH, resulted into 0.28 mg B kg-1 

decrease in soil B concentration. 
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Figure 4.1.2 Distribution of soil pHs in the surveyed area (n=81). 

During 2007, soil pH and CaCO3 content was also very high and data showed that 

pH and CaCO3 varied from 7.65 to 8.55 and 4.22 to 15.57 % with an average of 8.16 and 

9.33 %, respectively (Table 4.1.3). These results are well in accordance with the findings 

of other researchers in which they concluded that soluble B content in soil was more 

significantly correlated with solution pH (Peterson and Newman, 1976; Keren and 

Sparks, 1994a; Elrashidi and O’Connor, 1982; Jame et al., 1982; Keren and Gast, 1983). 

However, some scientists revealed that B uptake by many plants at water soluble B 

content was utmost when soil solution pH was lesser (Wankhade et al., 1997; Wear and 

Patterson, 1962). Similarly the findings of Lehto, (1995) are also in conformity with these 

results as he discovered that adsorption of B through soils enhanced at pH range of 3 to 9 

and it depends on solution pH while B adsorption minimized as pH reached at 10 up to 

11.50 (Goldberg and Glaubig, 1986a; Keren et al., 1981; Keren, 1984). In the same way, 

Mengel and Kirkby (2001) also documented that many dynamic soil properties including 

organic matter, texture, cultivation, drought, and microbial activity had significant role in 

B availability to plants. 
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Figure 4.1.3 Effect of soil pH on extractable soil B concentration (mg kg-1) (n = 81). 

Table 4.1.4 Simple Correlation between Soil Boron, Organic matter, Soil pH, 
CaCO3, Sand, Silt and Clay of soil samples analyzed (2005-2006) (n=81). 

 
4.1.5 CaCO3 (%):  

 The data of first year (2005-06) regarding calcium carbonate content of the area 

expressed that ~ 63 % soil samples had CaCO3 content more then 5 to 9 % and distinctly 

pointed out calcareousness of the surveyed area (Table 4.1.5). The results also revealed 

that mean CaCO3 contents in years of 2005-06 and 2006-07 were 6.29 ± 2.09 and 9.33 ± 

2.24, respectively (Table 4.1.3 and 3). Whereas the maximum, the minimum and the 

range values of CaCO3 in 2005-06 were 9.72, 2.14 and 6.29 %, respectively (Table 

4.1.2); and in 2006-07, the respective values were 15.57, 4.22 and 9.33 %, respectively 

(Table 4.1.3). A possible cause for the increase in adsorption of B on CaCO3 is the 

bonding of B with calcium carbonate (CaCO3). This could be escorted to the precipitation 

 Soil 
Characteristics B OM pH CaCO3 Sand Silt Clay 
Boron 1       
Organic matter 0.37*  1      
Soil pH -0.35*  -0.60**  1     
CaCO3 -0.66**  -0.33*  0.33 1    

Sand - 0.03 -0.14 0.19 -0.02 1   
Silt -0.05 0.09 -0.23 -0.01 -0.79**  1  
Clay 0.10 0.13 -0.05 0.039 -0.74**  0.12 1 
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of calcium-borate, substitution of carbon by boron in CaCO3 or simple surface adsorption 

of B on CaCO3.  

Further, the results depicted in statistical analysis communicated that there was a 

strong negative correlation amongst 0.05M HCl extractable soil B and CaCO3 contents of 

surveyed soils (r = -0.66**  at P < 0.05). This indicated that B adsorption enormously took 

place and the responsible factor for this adsorption process was CaCO3. Additionally 

when more B is adsorbed, smaller amount of water-soluble B was achieved after 

extraction and this lead to less B available to plants in calcareous soils of Pakistan.  

Table 4.1.5 Regression equations along with R-squared values showing the 
regression analysis between soil B, OM, pHs, CaCO3 and Clay (n=81). 

Characteristics Equations R2 -Values 

OM y = 0.5977x - 0.0827 0.59** 

CaCO3 y = -0.0495x + 0.6318 -0.57** 

pH y = -0.2826x + 2.6063 -0.13 

Clay content y = 0.0012x + 0.2896 0.01 

Sand Content y = -0.0002x + 0.3308 0.001 

Silt Content y = -0.0006x + 0.3377 0.003 

Likewise, high alkalinity (~ 63 % area had pHs 8 to 8.50) of soils also liable to CaCO3 

buildup in our soils. Figure 3 showed that relationship of B versus CaCO3 contents and 

regression analysis showed the significance of data while using linear relationship (R2 = 

0.58 at P < 0.05). Many researchers also endorsed these results as they reported that 

calcium carbonate act as an important B adsorbing surface in calcareous soils and B 

adsorption was greater on soils having higher CaCO3 content (Goldberg, 1993; Mandal et 

al., 1993; Elrashidi and O’Connor, 1982; Naftel, 1937; Prasad and Byrne, 1975; Wrobel, 

2004) and B retention on CaCO3 augmented with rising solution pH especially in the 

range of 6 to 9 while few others revealed that B sorption increased due to high calcite in 

soil and liming diminished the water-soluble B content of soils (Goldberg and Forster, 

1991). In several soils, a quantity of B is adsorbed on clays or with time it makes few 

complexes with organic materials and with the passage of time, this B might be available 

to plants after decomposition of OM and to some extent it is precipitated with CaCO3 and 

turned into relatively unavailable B fraction for plant growth (Shorrocks, 1997;  
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Figure 4.1.4 Soil B concentration as affected by CaCO3 content (n=81). 

Frederickson and Reynolds, 1959; Prasad, 1978). Likewise, the findings of Yermiyaho et 

al., (1995; 1988) and Gu and Lowe (1990) are in accordance with these results. 

4.1.6 Organic matter (OM) content (%) 

Organic matter exerts an exceptionally influential and positive effect on the 

availability of boron in all soils particularly high pH and calcareous soils. The results 

depicted in Table 4.1.2 showed that average OM contents of all sites in 2005-06 was 0.62 

% (SD=0.20) with maximum, minimum and range values of 0.99, 0.15 and 0.84 %, 

respectively. Likewise, the results of first year (2006-07) mean OM contents of all soil 

samples were less than one percent but it was slightly lower than first year. The average 

OM content was 0.54 ± 0.25 with maximum, minimum and range values of 1.28, 0.23 

and 1.05 %, respectively (Table 4.1.3). 

Table 4.1.6 Distributions of CaCO3 in the soil samples of surveyed area (n=81). 

Ranges of CaCO3 NO. of Samples %  of total area 

≤ 3.00 % 7 8.60 

   3-50 % 16 19.80 

   5-70 % 29 35.80 

   7-90 % 22 27.20 

≥ 9.00 % 7 8.60 

  Total 81 100 

Simple correlation analysis during 2005-06 showed that soil B had significant positive 

correlation with OM (r = -0.37* at P < 0.05). Similarly, soil OM had strong negative 
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correlations with soil pH  (r = -0.60**  at P < 0.05), CaCO3 (r = -0.33* at P < 0.05) and 

sand content of soil (r = -0.14 at P < 0.05) but it had slightly positive correlation with silt 

(r = 0.09 at P < 0.05) and clay (r = 0.13 at P < 0.05) content of soil (Table 4.1.4). 

Likewise, correlation analysis during 2006-07 illustrated that OM had significant positive 

correlation with soil B concentration (r = -0.38* at P < 0.05.  However, in case of other 

soil properties it had strong negative correlations with soil pH  (r = -0.59**  at P < 0.05) 

and CaCO3 (r = -0.48* at P < 0.05) (Table 4.1.10). This showed that with increase in OM 

content of soil, B concentration subsequently increased and this increase might be due to 

the decomposition of OM (by producing of certain acids like tartaric, oxalic, citric, acetic, 

formic, fluvic and humic acid) that solublized the exchangeable B fraction or adsorbed B 

fractions in clay or CaCO3, which is under normal condition unavailable to plants. 

Further, a quantity of B is formed few complexes with OM content present in soil and 

after decaying; this OM complexed B is released into soil solution (Mandal et al., 1993). 

OM is considered as the leading source of reserve B because it complexes with B to 

eradicate it from the soil solution when the levels are high after B fertilization (Marzadori 

et al., 1991). It then re-supplies the soil solution to sustain ample levels when crops up-

take B or leaching occurred. Since, the surveyed soils were low in OM; consequently, 

these soils necessitate supplementary and episodic B fertilization at diminutive levels of 

B per acre. These results were also supported by many researchers and their findings 

concluded that native soil B and hot water extractable B were highly significantly 

correlated with organic carbon content (Elrashidi and O’Connor, 1982; Mandal et al., 

1993; Prasad, 1978). Soil organic matter adsorbs more B than mineral soil constituents on 

a weight basis (Gu and Lowe, 1990). Boron adsorption on an organic soil (Lehto, 1995) 

and composted organic matter increased with increasing pH (Yermiyahu et al., 1995). 

Adsorption of B 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). 

4.1.7 Effect of soil texture on B concentration 

The textural analysis exhibited that 28 % area had more clay contents and was 

classified as fine textured, 42 % had loamy texture while 30 % had sandy or coarse 

texture (Table 4.3.6). The results revealed that more B was observed in clay textured 

soils. However, available B may be quite low because of the strength by which B is 
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strongly held on clay surfaces or CaCO3. Coarse textured (sandy) soils often restrained 

less available B than fine textured soils, B deficiency frequently arise in areas located in 

sandy soils (Fleming, 1980; Ouellette, 1958). Native B was significantly positively 

correlated with soil clay content (Elrashidi and O’Connor, 1982). 

These results were also supported by many researchers in which they revealed 

that B adsorption is frequently reliant on texture of soil and with rising clay content, B 

adsorption and ultimately B concentration in soil increased (Communar and Keren, 2006; 

Evans, 1987; Wild and Mazaheri, 1979; Bhatnager et al., 1979; Mezuman and Keren, 

1981; Elrashidi and O’Connor, 1982; Keren and O'Connor, 1982; Keren and Mezuman, 

1981; Communar and Keren, 2005; 2006; 2007). Whereas the findings of other scientists 

showed that B adsorption maxima amplified with enhancement in clay content (Goldberg 

and Glaubig, 1986a; Singh, 1971; Nicholaichuk et al., 1988; Biggar and Fireman, 1960). 

Many workers demonstrated that the extent of B adsorption on some clay minerals 

restrained a slow fixation reaction and a swift adsorption reaction. Further, a significant 

positive correlation was found between soil content of the clay minerals kaolinite, 

montmorillonite, and chlorite and the B adsorption maximum (Keren et al., 1981; 

Hingston, 1964; Keren and Gast, 1981; Scharrer et al.,1956; Keren et al., 1985b). Soil pH 

is a exceptionally significant chemical property of soil which depicts soil reaction and it  
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Figure 4.1.5 Soil B concentration (mg kg-1) and OM content (%) showing regression 
analysis and line fit plot (n=81). 
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Table 4.1.7 Distribution of area surveyed according to textural classification. 

Texture Textural Class No. of Samples % Area Total % area 

 
Fine 

Clay 8 9.90 28 
 Clay Loam 15 18.50 

Medium  
  

Loam 12 14.80 

42 
 

Sandy clay loam 12 14.80 

Silty clay loam 10 12.40 

Coarse 
 

Sand 2 2.50 
30 
 

Loamy sand 8 9.90 
Sandy loam 14 17.30 

directly influence nutrient availability by imposing plant growth and as it affect the 

absorption of nutrients by plant roots and pH values greater than 7.50 cause B, Zn and Fe 

ions to be less available to plants. Higher CaCO3 were observed in 2007, and data 

showed that mean CaCO3, pH, OM and B concentration in soil were 9.33 %, 8.16, 0.54 

% and 0.37 mg kg-1, respectively. This higher CaCO3 content (calcareousness) controlled 

the adsorption of B as it behaved as adsorbing surfaces in soils because it raises the soil 

solution pH (Elseewi, 1980a; 1980b). Similarly, Elrashidi and O’Connor, (1982) reported 

that B adsorption was greater on soils having higher CaCO3. This B adsorption is due to 

the bonding of B with CaCO3 which resulted into precipitation of Ca-borate or 

substitution of Carbon by B in CaCO3 or simple surface adsorption of B on CaCO3 

(Goldberg and Forster, 1991; Cox and Reid, 1964). 
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Figure 4.1.6 Effect of clay content on soil B concentration of the surveyed area. 
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Systematic research has discovered nowadays that different soil properties influence the 

activities and behavior of B in soils (Eguchi and Yamada, 1997). These properties 

comprises clay content, specific surface area of soil particles (Biggar and Fireman, 

1960; Sims and Bingham, 1967) and sesquioxides (Hatcher et al., 1967), soil salinity 

(Fleet, 1965; Couch and Grim, 1968), organic matter and humus content of soil (Berger 

and Truog, 1945; Gupta 1968), pH of soil (Gupta, 1968; Sims and Bingham, 1968a; 

Hatcher et al., 1962). 

4.1.8 Plant analysis 

Plant samples were also collected from the wheat-cotton belt of Punjab at booting 

and flowering stages of wheat and cotton, respectively, during 2005-06 and 2006-07. The 

results given in Table 4.1.8 showed that during 2006, the average B content in wheat and 

cotton leaves were 8.86 and 37.78 mg kg-1, respectively and it ranged from 1.50 to 14.40 

mg kg-1 (S.D.=1.20) in wheat and 6.46 to 95.36 mg kg-1 (S.D.= 21.79) in cotton. Results 

showed that concentration of B in all the samples were less than 35 ug g-1 (the critical 

level of B in cotton reported by Cassman, 1993 is 10-28 mg kg-1). These results clearly 

showed that 99 % plant samples were deficient in boron.  

Table 4.1.8 Descriptive statistics of soil properties and plant B concentration of 
wheat and cotton sampled from wheat-cotton growing areas of Punjab during 2006-
07. 

 Statistical Parameters
 

Wheat plant B 
(mg kg-1) 

Cotton plant B 
(mg kg-1) 

2006 2007 2006 2007 
Mean 8.86 4.41 37.78 15.83 
Median 7.11 4.21 29.00 14.60 
Mode 5.56 4.81 54.00 13.30 
S. D. 1.20 1.48 21.79 5.85 
Kurtosis -0.31 -0.42 -0.80 -1.18 
Skewness 0.11 0.33 0.45 0.04 

Minimum 1.50 1.34 6.46 4.89 
Maximum 14.40 7.49 95.36 25.76 

Higher soil B content had positive significant effect on wheat and cotton plants B 

concentration during 2006 and 2007 (wheat r = 0.72**  and 0.69** ; cotton r = 0.75**  and 

0.71**  at P<0.05, respectively) but high soil pH (r = -0.33 and -0.30 at P<0.05) and 

calcareousness (r = -0.60 and -0.58 at P<0.05) of soil had strong negative effect on wheat 

and cotton plant B contents, respectively (Table 4.1.10). In Pakistan, two soil factors 
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(CaCO3 and pH) are generally very high. These results are in accordance with the 

findings of other researchers (Reuter and Robinson, 1986; Shorrocks, 1997; Keren and 

Bingham, 1985). Hu and Brown (1994) reported that growth of cells in newly emerging 

shoot and root tips is one of the basic functions of B in many plants while in some plants 

it is implicated in flowering, boll formation, seed development and the transport of sugar 

contained by the plant. Similarly, B deficiency has also been reported by other 

researchers in Pakistan especially on wheat, rice, maize, groundnut, cotton, tobacco and 

potato (Borax, 1980-1989; 1998, Rashid, 2005; NFDC, 2007). 

 
Table 4.1.9 Correlation co-efficient (r-values) between plant B and soil properties 
during 2005-06. 

Crop 

  

Soil B pH O.M CaCO3 

Wheat plant B 0.72* -0.33 0.32 -0.66* 

Cotton plant B 0.75* -0.30 0.36 -0.58* 

 
Table 4.1.10 Simple correlation between soil properties and plant B concentration 
during 2006-07. 

Statistical 

Parameters 

Soil B OM CaCO3 pH wheat plant B cotton plant 

B 

Soil B 1.00      

OM 0.38 1.00     

CaCO3 -0.76**  -0.48* 1.00    

pH -0.35 -0.59* 0.50* 1.00   

Wheat B 0.69**  0.32 -0.66* -0.32 1.00  

Cotton B 0.71**  0.34 -0.72**  -0.35 0.61* 1.00 

The results also revealed that soil organic matter positively correlated with B 

concentrations in leaves of wheat during both years i.e. 2006 and 2007 (r = 0.32 and 0.30 

at P<0.05) and cotton (r = 0.36 and 0.34 at P<0.05) plant (Table 4.1.9). These results 

indicated that more soil OM resulted into more plant B concentration in both years. In 

case of soil B concentration, data exhibited that there was a significantly correlation 

between soil B and plant B concentrations. Due to high pH (>7.50) soil nutrient 

availability significantly affected, likewise calcareousness (high CaCO3 content) of soil 
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also hinders the nutrient availability (Niaz et al., 2007; Rashid, 2005). Descriptive 

statistical analysis (Figure 11) showed that during 2007, mean B concentration in wheat 

and cotton plant leaves decreased than B concentration obtained during year 2006. 

Average B concentration in wheat was 4.41 mg kg-1 (S.D. = 1.48) and this mean value is 

more than median (4.21) but less than mode (4.81). In case of plant B concentration, the 

minimum, maximum and the range values were 1.34, 7.49 and 6.15 mg kg-1, respectively. 

Similarly cotton plant data showed that mean (15.83 mg kg-1) is more than mode (13.30) 

and median (14.60) with S.D. (5.85). The minimum, maximum and the range values of 

cotton plant B were 4.89, 25.76 and 20.87 mg kg-1, respectively. The regression analysis 

showed the linear relationship between plant B concentration and soil B concentration 

(Figure 4.1.9) and soil B is positively correlated with cotton plant B concentration (r = 

0.73 at P< 0.05), and wheat plant B (r = 0.72 at P< 0.05). 

0

1

2

3

4

5

6

7

8

9

10

0.00 0.20 0.40 0.60 0.80 1.00 1.20
Soil B concentration (mg kg -1)

P
la

nt
 B

 c
on

ce
nt

ra
tio

n 
(m

g 
kg

-1
)

Wheat Plant B

 

Figure 4.1.7 Extractable soil B concentration and leaf B content of wheat in the 
wheat – cotton cropping areas during 2005-06. 
The results presented in Figures 4.1.9 and 4.1.10 shows that soil B content was directly 

related to plant B contents and with each unit increase in soil B concentration, plant B 

concentration was also increased during 2005-06. Likewise the first year results, wheat 

and cotton plant B content during 2006-07 were also positively affected by soil B content 

and the soils with increased B content also contained the highest plant B concentrations 

in both the crops (Figure 4.1.11 and 4.1.12). This showed that soil B concentration had 

direct relationship with plant B content. Boron deficiency in soils and crops is a main 

setback in our agriculture because of high soil pH (≅ 8.0), calcareousness due to soils 
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natively rich in CaCO3 and low status of OM contents. Furthermore, under B deficient 

conditions, plant B availability further decreased due to B reactions in our high pH soils 

because B changed its form at high pH. Many researchers accomplished that B 

application is needed at pH of 6.10 or above (Extension Plant and Soil Science, 2000; 

Shelby, 1996; Eguchi and Yamada, 1997). Pre-plant soil applied B improved seed cotton 

yield even when B deficit was not apparent in the cotton plants (Anderson and Boswell, 

1968). Both foliar B application as sprays and soil B application can correct and improve 

low B concentrations in cotton plants (Heitholt, 1994). In cotton crop B deficiency 

symptoms were noted and it was observed that small and deformed bolls were very much 

common. Furthermore, deprived fruit retention, slow and stunted plant growth, decreased 

flowering, increased flower shedding and abridged lint yields were also repetitively 

observed. Stewart (1986) revealed that relatively minute quantity of B is obligatory to 

sustain the processes of growth and development of cotton fibers in the boll. B deficiency 

symptoms were also noted in wheat crop and it was observed that small and deformed 

flag leaf with wrinkled and cluster like formation on top of plant and missing of tube 

formation at booting stage were very much common. Dark green colour of young leaves 

was also observed. At later stages of maturity, blank spikelets (without grains) were 

commonly observed. 
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Figure 4.1.8 Extractable soil B concentration and cotton plant leaves B 
concentration in the wheat –cotton cropping areas during 2005-06. 
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Figure 4.1.9 Soil B Concentration (mg kg-1) of the sampling sites and wheat plant B 
concentration (mg kg-1) of those sites (2006-07). 
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Figure 4.1.10 Soil B Concentration (mg kg-1) of the sampling sites and cotton plant B 
concentration (mg kg-1) of those sites (2006-07). 
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CONCLUSIONS 

The results exhibited that 82 % area had soil B concentration in the range of 0.10 to 

0.45 mg kg-1 and 15 % survey area had B concentration range of 0.46 to 0.55 mg kg-1 

whereas only 3% samples had B concentration of 0.56 to 1.07 mg kg-1. These findings 

also indicated that average pH, B concentration, CaCO3 and OM content were 8.07, 0.32 

mg kg-1, 6.29 % and 0.62 % during first year (2005-06) and 8.16, 0.37 mg kg-1, 9.33 % 

and 0.54 %, respectively during 2006-07. Plant analysis revealed that minimum B 

concentration in wheat and cotton leaves during 2005-06 were 4.41 and 15.83 mg kg-1, 

respectively while maximum B concentrations were 7.49 and 25.76 mg kg-1, respectively. 

Correlation analysis exhibited that soil B had positive correlation with wheat and cotton 

plant B concentration. 

Figure 4.1.11. Map showing the soil and 
water sampling sites located in Punjab 
Province. 
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STUDY 2 

4.2 Boron content in canal and ground water samples 
collected from wheat- cotton growing areas of Punjab 

 

Boron is an important trace element which also exists in a significant amount in 

drinking and irrigation waters whether it is canal or tubewell.  Thus, B is added to soil 

through irrigation water but in Pakistan this nutrient has profoundly been overlooked for 

plant and human health preservation and liberation from disease. The predominant form 

of B in natural water is un-dissociated boric acid (H3BO3) along with some borate ions. 

Resources of irrigation are comprised of canal and tubewell in wheat-cotton cropping 

areas of Pakistan. Canal water is considered as good quality water but underground water 

or tubewell water is classified as fit and unfit on the basis of salinity by many researchers 

but nobody take care of boron (B). Amongst all potential sources, ground water is the 

most important contributor to elevated levels of soil B. 

4.2.1. Canal water samples analyzed for B, EC, pH and TSS during winter season 

(December-January, 2005-06): 

Initially, total 109 water samples were collected from different canals and their 

distributaries during winter months of 2005-2006 and subsequently analyzed for pH, 

electrical conductivity (EC), total soluble salts (TSS) and boron concentration. The 

results exhibited that canal water samples collected during months of December–January 

(2005-2006) had substantial B concentration, which ranged from 0.01 to 0.55 mg L-1 with 

a mean value of 0.14 mg L-1 (S.D. = 0.13). The value of standard deviation (0.13) 

indicated manifold deviation in B concentration of different samples. The median, mode 

and range values of B in canal water samples were observed as 0.11, 0.06 and 0.54 mg B 

L-1, respectively (Table 4.2.1). The pH of canal water samples was fairly high (pH ≥ 

7.00) and it varied from 7 to 8.80 with mean, median and mode values of 7.67 

(S.D.=0.45), 7.70 and 7.90, respectively. The electrical conductivity (E.C.) of all these 

samples fluctuated from 0.12 to 2.03 dS m-1 with an average value of 0.67 dS m-1 (S.D.= 

0.48). This low E.C. value in canal water samples illustrated that the majority of canal 

water samples had insignificant salts concentration and placed in fit water for irrigation. 
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Data pertaining to TSS revealed that loads of soluble salts were present in canal water 

that differed from 77 to 1299 mg B  

Table 4.2.1 Summary statistics of canal water samples collected during winter 
season (December-January, 2005-2006) (n=109). 

Statistical Parameters B (mg L-1) EC (dS m-1) pH TSS (mg L-1) 

Mean 0.14 0.67 7.67 430.97 

Median 0.11 0.56 7.70 358.40 

Mode 0.06 0.24 7.90 153.60 

Standard Deviation 0.13 0.48 0.45 307.86 

Minimum 0.01 0.12 7.00 76.80 

Maximum 0.55 2.03 8.80 1299.20 

Kurtosis 1.48 -0.47 -0.63 -0.47 

Skewness 1.49 0.74 0.23 0.74 

L-1 with mean, median and mode values of 431 (S.D. = 307.9), 358.4 and 153.6 mg B L-1, 

respectively. Further, the descriptive statistics of data depicted that pH of the water 

samples was more than 7, EC and TSS were very low while B concentration was well 

below the critical value of 0.50 mg B kg-1 in majority of water samples (Table 4.2.1). The 

co-efficients of kurtosis and skewness pointed up the nature of the sample distribution. 

Kurtosis values explain the relative amount of the distributions tail and a +ve coefficient 

of kurtosis (as in B concentration of water) directed that the distribution is meaningful 

(peaked), and a negative value (as in case of pH, EC and TSS) pointed out a moderately 

smooth distribution. A nearly very small level of kurtosis was exposed by all properties, 

with the absolute result noticeable in B concentration of water (1.48). A positive skew 

indicates unevenness and abnormality in the allocation, with the most important data 

values trailing to the right. The results exhibited that B concentration had the utmost 

positive skew value (1.49), with the mean value greater than the median. The data also 

indicated that pH, EC and TSS of canal water samples confirmed an insignificant but 

computable positive skew values of 0.23, 0.74 and 0.74, respectively. 

Simple correlation analysis (Table 4.2.2) clearly showed that EC of water (r = 0.74 at P 

<0.05, n=109) and total soluble salts (r = 0.74 at P < 0.05, n=109) had significant positive 

correlation with B concentration, whereas pH of water samples was non-significantly 

correlated with B concentration (r = 0.03 at P < 0.05, n=109). Similarly, the regression 
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analysis along with regression equations and R2 values (Figure 4.2.1 and 4.2.2) showed 

that the increased EC (R2= 0.55 at P < 0.05, n=109) and TSS (R2= 0.56 at P < 0.05) 

Figure 4.2.1 Effect of EC on B concentration of canal water showing regression 
equation and R2- value in line fit plot (2005-06). 
Table 4.2.2 Simple correlation analysis between EC, B, pH and TSS of water (2005-
2006). 

Characteristics EC B pH TSS 

EC 1.00    

B 0.74**  1.00   

pH 0.03 0.10 1.00  

TSS 1.00 0.74**  0.03 1.00 

n= 112. 

resulted into amplified B concentration of water and this increase was statistically 

significant, while pH of water (R2= 0.009) had no significant effect on B concentration 

(Figure 4.2.2). These results are in accordance with the findings of many researchers 

(Bingham, 1973; Butterwick, 1989, EPA, 1986b; Jain and Saxena, 1970; Tanji, 1976; 

UCCC, 1974). Similarly, some studies revealed that B had significant relationship with 

other solutes in the irrigation water (Ryan et al., 1977). In regular waters, B exists 

predominantly as undissociated boric acid with some borate ions. As a group, the B–O 

compounds are sufficiently soluble in water to achieve the levels that have been observed 

(Sprague, 1972). Mance et al. (1988) described B as a significant constituent of seawater, 

with an average B concentration of 4.50 mg kg-1. Many soils and sediment residues 

adsorb merely water-soluble B. The terrific mechanisms which express the B fate in 
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water are adsorption–desorption reactions (Rai et al., 1986). The enormity of B 

adsorption relies on the B concentration in solution and water pH. The maximum 

adsorption is typically observed at pH of 7.50 – 9 (Waggott, 1969; Keren and Mezuman, 

1980; Keren et al., 1981; Keren and Mezuman, 1981). 

Literature also showed that only very little irrigation waters had toxic B 

concentrations which injured and or damaged plant roots or shoots directly (Gupta et al., 

1985). According to national data of Pakistan, during 2006-07, some 95,7916 tube wells 

were working in Pakistan (MINFAL, 2007) and area irrigated by different sources was 

7.06 million hectares (canal irrigated), 0.28 M ha (wells), 0.20 M ha (canal + wells), 3.58 

M ha (T.W.), 7.78 (canal + T.W.), 0.22 M ha (others) and total 19.12 M ha). About 19.12 

M ha lands of Pakistan are irrigated by canal, wells, tube wells and other sources alone 

and in combinations (MINFAL, 2007). Therefore, water from all canals, distributaries, 

water channels, wells, streams and tube-wells restrain countless dissolved minerals and 

salts. Pakistan has about 80 M ha total area out of which only 22 M ha is total cultivated 

area. The average annual rainfall in Pakistan is very low and there are two main seasons 

like Rabi (September – March) and Kharif (April – September). In Pakistan the climate is 

arid to semi-arid, which indicated that B concentration of irrigation waters, especially 

underground waters, are often elevated up to 5 mg L-1. The magnitude and genus of 

minerals varied spatially or with times. Quantities of minerals are exceptionally 

supportive simply when they are in low concentrations but if higher concentrations are 

present in water, then they may be toxic for both flora and fauna. Boron has been found 

to be potentially harmful in drinking water (USEPA, 2008; FAO, 2003; Gupta et al., 

1985; CDPHE, 1997; WHO, 1993; 1998a; 1998b). 

4.2.2 Canal water samples analyzed for B, EC, pH and TSS during monsoon season 

(July – August, 2006-07) 

During summer months of 2006-07, total 105 water samples were again collected 

to determine B concentration in water. The results depicted in table three showed that B 

concentration in water samples ranged from 0.02 to 0.59 mg L-1 with mean values of 0.14 

and 0.20 ± 0.11 mg B L-1. Unlike winter season samples, the highest B concentration was 

increased up to 0.59 mg L-1 with increase in average B concentration from 0.14 mg L-1 (in 

winter season samples, 2005-06) to 0.20 mg L-1 (monsoon season samples, 2006-07) 
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while the lowest B was equally in traces (0.02 mg L-1). The pH, EC and TSS varied from 

7 to 8.55, 0.15 to 2.74 dS m-1 and 96 to 1750 mg L-1, respectively with the relevant mean 

values of 7.70 ± 0.40, 0.85 ± 0.62 dS m-1 and 544 ± 394 mg L-1, respectively. The 

positive skew values were obtained from B concentration (0.12), EC (0.28), pH (0.48) 

and TSS (0.28) (Table 4.2.2.1). Correlation analysis was also performed with data and 

results revealed that B concentration in water was positively correlated with EC and TSS 

of water (r = 72**  at P < 0.05) whereas it had negligible correlation with pH of canal 

water samples (r = 0.08 at P < 0.05) (Table 4.2.2.2). 

Table 4.2.2.1 Summary statistics of canal water samples collected during monsoon 
season (July –August, 2006-2007)(n=105). 

Statistical Parameters B (mg L-1) EC (dS m-1) pH TSS (mg L-1) 
Mean 0.20 0.85 7.70 544.04 
Standard Error 0.01 0.06 0.04 38.43 
Median 0.16 0.65 7.40 416.00 
Mode 0.09 0.21 7.10 134.40 
Standard Deviation 0.11 0.62 0.40 393.83 
Minimum 0.02 0.15 7.00 96.00 
Maximum 0.59 2.74 8.55 1750.40 
Kurtosis 0.49 0.97 0.61 0.96 
Skewness 0.12 0.28 0.48 0.28 

These results obviously demonstrated that B concentration in canal water samples during 

rainy season was comparatively higher than winter season samples. This enhanced B 

concentration in canal water samples during monsoon rain falls might be due to higher 

silt and clay transportation from hilly areas of Pakistan, because during monsoon rains 

(July – August), Pakistani rivers (Indus, Jehlum and Chenab) loaded and carried more silt 

and clay particles along with nutrients (like K, Ca, S and B) than in winter season 

(January – February). So ultimately with these particles B also moved with water from 

different minerals to canals and finally shifted to the fields through water. 

Likewise the results obtained during 2005-06, the regression graph showed a 

significant linear relationship (Figure 4.2.2.1) between EC and B concentration of water 

(R2 = 0.52 at P < 0.05, n=105), TSS and B concentration (R2 = 0.51 at P < 0.05, n=105) 

(Figure 42.2.2) but non-significant between pH and B concentration (R2 = 0.03 at P < 

0.05, n=105) (Figure 4.2.2.3). This regression analysis along with regression equations 

and line graphs also exhibited that the maximum number of samples had B concentration, 
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EC, pH and TSS in the range of 0 to 0.20 mg L-1, 0 to 1 dS m-1, 7 to 7.50 and 100 to 600 

mg L-1, respectively.  

Table 4.2.2.2 Simple correlation analysis between EC, B, pH and TSS of water 
(2006-2007) (n=105). 

Characteristics B EC pH TSS 

B 1.00    

EC 0.72**  1.00   

pH 0.08 0.16 1.00  

TSS 0.72**  1.00 0.08 1.00 

Figure 4.2.2.1 Effect of EC on B concentration of canal water showing regression 
equation and R2- value in line fit plot (2006-07) (n=105). 

Figure 4.2.2.2 Effect of pH on B concentration of canal water showing regression 
equation and R2- value in line fit plot (2006-07) (n=105). 
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The results of present study clearly demonstrated that B concentration in canal 

water samples varied from 0.01 to 0.55 mg L-1 with a mean value of 0.14 mg L-1 during 

winter season but during monsoon season B concentration in canal water ranged from 

0.01 to 0.59 mg L-1 with mean values 0.20 ± 0.13 mg B L-1, respectively. Unlike winter 

season samples, the highest B concentration was 0.59 mg L-1 while the lowest B was 

similarly in traces (0.01 mg L-1). Many researchers also supported these results and they 

revealed that the majority of the underground waters had assorted B concentrations and 

often had excessive B amounts whilst the surface waters or canal waters have B 

concentration of 0.10 to 0.30 mg L-1 (Cengiz, 2007; Bingham, 1973; Bingham and 

Garber, 1970a). On the contrary, few scientists conducted experiments on distribution of 

soluble ions comprising B in soil in relation to irrigation waters and they concluded that 

river waters had high B levels at different times of the year due to the contribution of 

spring drainage areas high in B (Jain and Saxena, 1970; Waggott, 1969). 

These results are also in accordance with the findings reported from Spain and 

Italy, where B concentrations in groundwater ranged from 0.50 to 1.50 mg L-1 (Lubick, 

2004; Minoia et al., 1987; UCCC, 1974), in the United Kingdom and Netherlands it was 

almost 0.60 mg L-1, whilst in France, Germany and Denmark it was 0.3,0.1 and 0.30 mg 

L-1, respectively (WHO, 2003; Neal et al., 1998.). Monthly average B values in the Ruhr 

River (Germany), varied from 0.31 to 0.37 mg L-1 during 1992–1995 (Haberer, 1996). 

However, B concentrations in fresh surface water varied from <0.001 to 2 and 0.01 to 7 

mg L-1 in Europe and Russia, Pakistan and Turkey, respectively. B Concentrations in 

Japanese and South-African waters grouped as 0.01-0.30 mg L-1 (WHO, 2003; Demirel 

and Yildirim, 2002; Gemici and Tarcan, 2002). 

4.2.3 Ground water (tubewell water) samples analyzed for B, EC, pH and TSS 
during 2005-06 

Total 112 tubewell water samples were collected during 2005-06 from farmers 

field situated in different villages in districts of Jhang, Toba-tek Singh, Faisalabad, 

Multan and Vehari. The results regarding under ground water (pulled up by tubewell) 

showed that B concentration was fairly higher than canal water. The data exhibited that B 

concentration in tubewell water samples varied from traces to 1.29 with mean, median 

and mode values of 0.30 (S.D. = 0.27), 0.19 and 0.06 mg B L-1, respectively (Table 

4.2.3.1). In this case, the higher S.D. value (0.27) indicated diverse variation in 
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concentration of B of different tubewell water samples. The maximum B concentration in 

underground water samples was ascertained as 1.29 mg B L1, which demonstrated that in 

some tubewell waters, B concentration was noticeably high. The data also depicted that 

the EC, pH and TSS values varied from 0.16 to 3.75 dS m-1, 7.00 to 8.90 and 102.40 to 

2400 mg L-1, respectively with mean values of 1.58 ± 0.82, 7.83 ± 0.44 and 1010 ± 524 

mg L-1, respectively. Simple correlation analysis noticeably proved that EC (r = 0.82 at P 

< 0.05, n =112), TSS (r = 0.82 at P < 0.05, n =112) and pH (r = 0.50 at P < 0.05, n =112) 

of water had significant positive correlation with B concentration (Table 4.2.3.2). In the 

same way, the regression analysis showed that increased values of EC (R2 = 0.70, n =112) 

(Figure 4.2.3.1) consequently increased the B concentration of water and this increase 

was statistically significant. The results depicted in graph demonstrated a significant 

linear relationship between EC, pH and B concentration of water. Line graphs also 

showed that the maximum number of samples had B concentration, EC, pH and TSS in 

the range of 0 to 0.40 mg L-1, 0.50 to 2 dS m-1, 7.30 to 8.30 and 500 to 1250 mg L-1, 

respectively. The average B concentration in tubewell water was 0.30 and these results 

regarding B concentration in water are absolutely in conformity with the findings 

reported from Netherlands and U.K. (where B concentrations in groundwater were 0.60 

mg L-1), in Spain and Italy it ranged from 0.50 to 1.50 mg L-1 whilst in France, Germany 

and Denmark it was 0.30, 0.10 and 0.30 mg B L-1, respectively (WHO, 2003; Lubick, 

2004; Minoia et al., 1987). 

Table 4.2.3.1 Summary statistics of tube well water samples collected during 2005-
06, n =112. 

Statistical Parameters B (mg L-1) EC (dS m-1) pH TSS (mg L-1) 
Mean 0.30 1.58 7.83 1010.24 
Standard Error 0.03 0.08 0.04 50.14 
Median 0.19 1.46 7.80 934.40 
Mode 0.06 2.10 7.50 1344.00 
Standard Deviation 0.27 0.82 0.44 523.47 
Minimum 0.01 0.16 7.00 102.40 
Maximum 1.29 3.75 8.90 2400.00 
Kurtosis 0.89 0.02 -0.70 0.88 
Skewness 1.18 0.69 0.15 1.17 
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Table 4.2.3.2 Simple correlation analysis between EC, B, pH and TSS of ground 
water (2005-06), n =112. 

 Characteristics B EC pH TSS 
B 1    

EC 0.82**  1   
pH 0.50**  0.47*  1  
TSS 0.82**  1 0.47* 1 

Figure 4.2.3.1 Effect of EC on B concentration of ground water showing regression 
equation and R2- value in line fit plot (2005-06) (n =112).  

Figure 4.2.3.2 Effect of pH on B concentration of ground water showing regression 
equation and R2- value in line fit plot (2005-06) (n =112). 
4.2.4 Tubewell water samples analyzed for B, EC, pH and TSS during 2006-07 

Total 102 tubewell samples were analyzed once again and results exhibited that 

highest B concentration was 1.50 mg L-1 with mean, median and mode values of 0.31 

(S.D. = 0.31), 0.17 and 0.09 mg B L-1, respectively while same respective values for EC 

were 1.74 (S.D. = 0.84), 1.56 and 1.25 dS m-1. B concentration, EC, pH and TSS of 

tubewell water samples ranged from 0.01 to 1.50 mg B L-1, 0.23 to 3.56 dS m-1, 7.00 to 
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8.65 and 147 to 2278 mg TSS L-1, respectively. S.D. value (0.72) for EC indicated a vast 

variation in EC of tubewell water samples (Table 4.2.4.1).  

Table 4.2.4.1 Summary statistics of tube well water samples collected during 2006-
07 (n = 102). 

Statistical Parameters B (mg L-1) EC (dS m-1) pH TSS (mg L-1) 

Mean 0.31 1.74 7.86 1116.72 
Standard Error 0.03 0.08 0.04 53.48 
Median 0.17 1.56 7.90 998.40 
Mode 0.08 1.25 7.50 800.00 
Standard Deviation 0.31 0.84 0.43 540.16 
Minimum 0.01 0.23 7.00 147.20 
Maximum 1.50 3.52 8.70 2252.80 
Kurtosis 1.52 -0.70 -0.72 -0.69 
Skewness 1.35 0.33 0.15 0.33 

 
The results of simple correlation analysis also revealed that EC, pH and TSS of water 

significantly affect B concentration of tubewell water and there was an apparent positive 

correlation between EC and B (r = 0.79 at P < 0.05, n = 102), TSS and B (r = 0.79 at P < 

0.05, n = 102) and pH and B (r = 0.28 at P < 0.05, n = 102). This statistics also illustrated 

that water samples with elevated EC, pH and TSS values guided to the higher B 

concentration in tubewell water samples and vice versa (Table 4.2.4.1). Contrasting to the 

results of 2005-06, graphical representation demonstrated a significant linear relationship  

Table 4.2.4.2 Simple correlation analysis between EC, B, pH and TSS of ground 
water (2005-06) (n = 102). 

Characteristics EC B pH TSS 
EC 1.00    
B 0.79**  1.00   
pH 0.32*  0.28*  1.00  
TSS 1.00 0.79**  0.32*  1.00 

Table 4.2.4.3 Summary table of two years showing mean B, EC, TSS and pH of 
canal and tubewell water samples (n = 102). 
Canal water samples Tubewell water samples 
B (mg L-1) EC (dS m-1)  pH TSS (mg L-1) B (mg L-1) EC (dS m-1)  pH TSS (mg L-1) 

0.17 0.76 7.58 487.50 0.31 1.66 7.84 1063.48 
(Figure 4.2.4.1) between EC and B concentration of water (R2 = 0.63 at P < 0.05, n = 

102), but non-significant between pH and B concentration (R2 = 0.03 at P < 0.05, n = 

102) (Figure 4.2.4.2). This study also discovered that higher B concentrations were 
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obtained from tubewell waters as compared to canal water samples when average of 2 

years was considered. The average B concentration in canal water samples over 2 years 

was only 0.17 mg L-1 and it was much lower (almost 2 fold less) than the tubewell water 

samples (0.31 mg L-1) (Table 4.2.4.2). Further, it is obvious from present study that both 

(canal and tubewell) irrigation sources significantly added good amounts of B to soil. 

Based on mean B concentration in canal and tubewell waters, B amount to be added via 

irrigation to soil can be calculated. The water required to irrigate/ flooded 1-acre upto 1-

inch depth is the 1 acre-inch and this amount equals to 27000 gallons or 102195 L. For 

example, a 7.5 cm (3 inches) irrigation of canal water of B concentration of 0.17 mg L-1 

will add about 53 g B per acre whereas the tubewell water having B concentration of 0.31 

mg B L-1 will add as higher as 95.04 g B per acre.  

1 a-inch=27000 gallons= 102195 L; Mean B concentration in canal water = 0.17 mg L-1 

1 a-inch canal water added B in field= 102195× 0.17=17373.15 mg or 17.37 g B acre-1 

Total delta of water of cotton in Pakistan= 19 inches; Total B added through canal water 

irrigation during monsoon season to cotton= 19×9.20    =174.8 g B acre-1  

Total delta of water of wheat in Pakistan = 13 inches 

Total B added through canal water irrigation during winter season to wheat= 13×6.13 

=79.69 g B acre-1 

These mathematical calculations showed that a considerable amount of B was added 

through canal water irrigation during both crop seasons (wheat and cotton). Similarly, 

tubewell water also added B to the fields and its amounts were even higher than that of 

canal water irrigations. Mean B concentration in tubewell water = 0.31 mg L-1 

1 a-inch tubewell water added B in field= 102195× 0.31= 31.68 g B acre-1 

3 a-inch tubewell water added B in field= 31.68 ×3 = 95.04 g B acre-1 

However, in case of tubewell water irrigation, it was used alongwith canal water or alone. 

The numbers of irrigations via tubewell were less as compared to the canal water 

irrigations. This calculation may be used before any B fertilazation programme. Besides, 

the majority of under ground waters are saline which further aggravates the soil problems 

for proper plant growth. This saline under ground water amplified the B toxicity and B 

build up in soils. Therefore, under higher saline water conditions, B application should be 

carefully managed and should only be used for B loving crops like  
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Figure 4.2.4.1 Effect of EC on B concentration of ground water showing regression 

equation and R2- value in line fit plot (2006-07) (n = 102). 
Figure 4.2.4.2 Relationship between pH and B concentration of ground water 
samples during 2006-07 (n = 102). 
cotton and sunflower. However, B application should be based on chemical analysis of 

soil and water (especially soil extractable B analysis). These findings are fully in 

agreement with the results obtained by other researchers in which they reported that the 

majority of well-waters had varied B concentrations and intermittently had inconsistent B 

quantities whereas the surface waters or canal waters had commonly B concentration in 

the range of 0.10 to 0.30 mg B L-1 (Bingham, 1973; Kelly et al., 2001). In Pakistan, more 

or less 19.12 M ha lands are irrigated by canal, wells, tube wells and other sources alone 

or in combinations (MINFAL, 2007). Data from groundwater and surface water indicated 

that B occurred at 20% of the sites at a geometric mean concentration of 156 ppb (0.156 

mg B L-1) in positive samples groundwater and at 5% of the sites at a geometric mean of 

y = 0.2877x - 0.1967
R2 = 0.6297

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

EC of water (dS m -1)

B
 C

on
ce

nt
ra

tio
n 

(m
g 

L
-1

)

y = 0.2042x - 1.2984
R2 = 0.0809

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60

7.00 7.25 7.50 7.75 8.00 8.25 8.50 8.75 9.00

pH of w ater

B
 C

on
ce

nt
ra

tio
n 

(m
g 

L
-1
)



124 
 

1177 ppb (1.18 mg B L-1) in surface waters (Contract Laboratory Program Statistical 

Database, CLPSD, 1989). When irrigation water is applied, the mineral salts are left in 

the soil after the crop has use the water (Bingham and Garber, 1970a; Leyshon and Jame, 

1993). Most of these mineral salts are beneficial to crop growth and soil condition, but in 

some cases (excess amount) may be harmful (Russell, 1973). Boron is very sensitive 

element for crops and humans because the range of deficiency and toxicity in many 

plants is very narrow. Natural weathering of B-containing rocks is a major source of B 

compounds in water (Butterwick et al., 1989). Boron compounds are released to water in 

municipal sewage from per-borates in detergents, and in waste waters from coal-burning 

power plants, copper smelters, and Industries using B borate levels above background 

may be present in runoff waters from areas where B-containing fertilizers or herbicides 

were used  (Demirel and Yildirim, 2002; Fox et al., 2002; Zekri and Koo, 1994; 

Butterwick et al., 1989; Nolte, 1988; Waggott, 1969; Reboll et al., 2000). 

Boron is widely distributed in surface and groundwater. Average surface water B 

concentration in U.S.A. is about 0.10 mg L-1. Surface waters in USA, detected B in 98 % 

of 1577 samples at concentration ranging from 0.001 to 5 mg L-1. The concentration of B 

in seawater is up to 4.5 mg L-1 (Butterwick, 1989, EPA, 1986b). An average 

concentration of 1 mg B L-1 was reported in sewage effluents in California (Butterwick et 

al., 1989), Europe (Fox et al., 2002) and Australia (Stevens et al., 2003a; 2003b). In UK, 

Waggott (1969) reported that B concentration in municipal sewage in a treatment plant 

ranged from 2-5 to 6.5 mg L-1, releasing between 130 and 240 kg B per day. Few scientist 

also reported the reuse of this municipal treated water for citrus orchards (Zekri and Koo, 

1994). Conversely, the findings of Jain and Saxena (1970) concluded that the distribution 

of soluble ions including B in soil varied in relation to irrigation waters. Moreover, they 

also found that the river waters had the greatest B content at dissimilar time-periods of 

the year owing to the contribution of spring drainage areas high in B (Waggott, 1969). 

Generally, ground waters emanating from coarse-textured or sandy soils are higher in B 

than those from heavy or clayey textured soils. In surface water, concentrations of B 

depend on the amount of B present in the soil and rocks of the drainage area and the 

proximity of the drainage area to the ocean. In Europe, surface waters can receive B 

inputs from effluent discharges, both from Industrial processes and from municipal 
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sewage treatment (Fox et al., 2002). Similarly the findings of Haberer (1996) are in 

conformity of these results in which they reported that monthly mean B values in Ruhr 

river (Germany), varied from 0.31 to 0.37 mg L-1. Many encrusted, filthy, polluted and 

detrimental waste sites contained high B and this B move towards ground and surface 

waters. In standard waters, B exists predominantly as undissociated boric acid with some 

borate ions. As a group, the B–O compounds are sufficiently soluble in water to achieve 

the levels that have been observed (Sprague, 1972). Mance et al., (1988) described B as a 

significant constituent of seawater, with an average B concentration of 4.50 mg kg-1. 

Many soils and sediment residues adsorb merely water-soluble B. The remarkable 

mechanism which express the B fate in water are adsorption–desorption reactions (Rai et 

al., 1986). The enormity of B adsorption relies on the B concentration in solution and 

water pH. The maximum adsorption is typically observed at pH of 7.50 – 9 (Waggott, 

1969; Keren and Mezuman, 1981; Keren et al., 1981). 

CONCLUSIONS 

EC, pH, and TSS of canal water samples varied from 7 to 8.55, 0.15 to 2.74 dS m-1 

and 96 to 1750 mg L-1, respectively with mean values of 7.70 ± 0.40, 0.85 ± 0.62 dS m-1 

and 544 ± 394 mg L-1, respectively. The boron concentration in canal water samples 

varied from 0.01 to 0.55 mg L-1 with a mean value of 0.14 ± 0.10 mg L-1 during winter 

season (December-January 2005-06) but it increased during monsoon season and ranged 

from 0.01 to 0.59 mg L-1 with mean values 0.20 ± 0.13 mg B L-1, respectively. Simple 

correlation analysis clearly showed that EC of water (r = 0.74** at P <0.05, n=109) had 

positive correlation with B concentration, whereas pH of water samples had non-

significant correlation with B concentration (r = 0.03 at P < 0.05). Almost similar kind of 

trend was again observed during 2006-07. B concentration in tubewell water samples 

varied from traces to 1.29 with mean of 0.30 ± 0.27 mg B L-1. The average B 

concentration, EC, pH and TSS were 0.31±0.31, 1.74±0.84 dS m-1, 7 to 8.65 and 147 to 

2278 mg L-1, respectively. 
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STUDY 3 

4.3 Boron fractionation in alkaline calcareous soils of Pakistan by using 
different extractants and its application under wheat-cotton cropping 
system 
4.3.1 Soil classification, taxonomy and texture of the twenty soil series 

Twenty different soils were used to conduct this fractionation study located in the 

wheat-cotton growing areas of Punjab, Pakistan. These soils were built-up in calcareous, 

sandy, silty, loamy and clayey material of alluvium and loessial deposits. Some soil series 

contained a compacted layer below soil surface usually known as plough pan (commonly 

present in Lyallpur loam, Bhalwal silty clay loam, Pacca loam, Pindorian clay loam and 

Sindhelianwali silt loam and at few places in Rustam clay loam and Khair clay loam). 

The climate of the soils is semi arid to arid and at few places extremely arid (in case of 

Thal, Jhang, Yazman and Bhakkar soil series) with a 3 years mean annual rainfall varied 

from 250 to 400 mm. The majority of rainfall occurred during monsoon season especially 

in the months of July, August and September. The winter season comprised the months of 

December, January and February, which received only one third out of total rainfall.  

Soils were sampled from four different U.S.A. Soil taxonomical orders including 

Aridisols, Entisols, Alfisols and Inceptisols. The major irrigation systems depends upon 

river Indus and its associates like Jhelum and Chenab, while few soils were also irrigated 

with under ground water by tubewells. Therefore, most of these soils are evolved from 

alluvial parent material deposited by Indus river system with exception of Thal, Yazman 

and Bhakkar soil series. The details of the soil classification along with soil texture and 

soil sereies of twenty soils were presented in Table 4.3.1. Out of twenty soil series, four 

soil series each had loam texture (Pacca, Jhang, Hafizabad and Shahdra) and sandy clay 

loam texture (Sultanpur, Lalian, Satghara and Yazman). Three soil series each had sandy 

loam (Lyallpur, Thal and Bhakkar) and clay loam texture (Rustam, Khair and Pindorian), 

two soil series each had silty clay loam texture (Kasure and Bhalwal) and silt loam 

textures (Sindhelianwali and Miani) whereas remaining two soil series of Rasulpur and 

Rangpur series had sandy and loamy sand textures (Table 4.3.1). 
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Table 4.3.1 Soil classification, taxonomy and texture of the twenty soil series in 
Punjab, Pakistan 
Soil series Soil series code U.S. taxonomy/great group Soil texture 

Pacca SSF 1 Typic Camborthids Loam 
Lyallpur SSF 2 Fluventic Camborthids Sandy loam 
Rasulpur SSF 3 Typic Camborthids Sand 
Rustam SSF 4 Typic Torrifluvents Clay loam 
Rangpur SSF 5 Typic Torripsamments Loamy sand 
Jhang SSF 6 Typic Torripsamments Loam 
Sindhelianwali SSF 7 Typic Ustochrepts Silt loam 
Sultanpur SSF 8 Typic Camborthids Sandy clay loam 
Thal SSF 9 Typic Torripsamments Sandy loam 
Hafizabad SSF 10 Fluventic Camborthids Loam 
Bhakkar SSF 11 Typic Ustochrepts Silty clay loam 
Kasur SSF 12 Halic Ustorthents Sandy loam 
Khair SSF 13 Typic Torriorthents Clay loam 
Lalian SSF 14 Typic Torriorthents Sandy clay loam 
Miani SSF 15 Typic Camborthids Silt loam 
Shahdra SSF 16 Typic Ustifluvents Loam 
Satghara SSF 17 Typic Halorthids Sandy clay loam 
Yazman SSF 18 Typic Torripsamments Sandy clay loam 
Pindorian SSF 19 Typic Ustochrepts Clay loam 
Bhalwal SSF 20 Fluventic Camborthids Silty clay loam 

4.3.2 Physico-chemical characteristics of soils 

Physico-chemical properties of all the soils exhibited (Table 4.3.2.1) that soil pH 

varied from 7.95 to 8.65 with mean pH value of 8.20±0.18, organic matter (OM) content 

was very low (< 1%) and ranged from 0.37 to 0.91% with an average value of 0.63±0.16 

% while clay content ranged from 3.10 to 33 % with mean value of 22.55±9.85 %. In 

case of soil extractable B, hot water soluble B and 0.05 M HCl extractable B ranged from 

0.11 to 0.53 with a mean of 0.32±0.12 mg kg-1 and 0.13 to 0.52 mg kg-1 with a mean of 

0.32±0.13 mg kg-1, respectively. All the basic soil properties follow a changing tendency. 

All the soils were normal and had no salinity or sodicity hazards but CaCO3 content, clay 

content, Fe, Al and Mn were greatly variable in these twenty soils. Calcareous nature of 

these soils is another exceptional matter and CaCO3 content of these soils were very high 

which varied from 6.15 to 15.82 % with mean of 11.02±2.48 %. Total N content of all 

soil series were very low and they varied from 0.02% to 0.04 % with a mean value of 
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0.03±0.01%. Similarly, average and range values for Fe were 1.61±1.41 and 5.22 mg kg-

1, respectively while for Mn was 1.56±0.62 and 2.24 mg kg-1, respectively. 

Table 4.3.2.1 Descriptive statistics for physico-chemical properties of twenty soil 
series used for B fractionation 

Stat. 
Parameters 

pHs ECe 
(dS m-1) 

Clay 
(%) 

Ext. B (mg kg-1) O.M. 
 

CaCO3 

 
N 
 

Fe 
 

Mn 
 

0.05M 
HCl 

Hot 
water 

(%) (mg kg-1) 

Mean 8.20 1.76 22.55 0.32 0.32 0.63 11.02 0.031 1.61 1.56 
Median 8.18 1.21 24.00 0.33 0.32 0.64 10.44 0.030 0.92 1.36 
Mode 8.10 4.32 24.00 0.41 0.38 0.89 9.77 0.040 0.00 1.18 
S. D 0.18 1.24 9.85 0.12 0.12 0.18 2.48 0.019 1.49 0.62 
Minimum 7.95 0.36 3.10 0.11 0.13 0.37 6.15 0.022 0.25 0.87 
Maximum8.65 4.32 33.00 0.53 0.58 0.91 15.82 0.040 5.47 3.11 

4.3.3 B concentration in soils extracted by different extractants 

All soil samples were typically examined for easily or readily soluble B 

concentration by using different extractants at identical room temperatures. Ten different 

chemical extractants (Table 4.3.3.1) were practically standardized to summarize their 

effectiveness under high pH, calcareous and low OM soils. The results depicted in Table 

4.3.3.2 reveals that total extractable B concentration in all soil series extracted by means 

of hot water was the greatest (6.33 mg kg-1) followed by 0.05M HCl (6.30 mg kg-1). 

Whilst the smallest amount of B was extracted by 0.25M NH4-oxalate (4.36 mg kg-1), 1:1 

soil water (5.00 mg kg-1) and 0.25 M sorbitol-DTPA (5.00 mg kg-1) (Table 4.3.4). The 

results depicted in Table 4.3.3.3 showed the descriptive statistics of the soil extractable B 

concentration by using different extractants. The greatest mean B concentration was 

obtained by soil extraction with hot water (0.32 ± 0.12 mg kg-1) followed by 0.05M HCl 

extraction (0.31± 0.13 mg kg-1), 1:2 soil water extraction (0.30 ±0.11 mg kg-1) whereas 

0.005M DTPA extraction (0.29 ± 0.09 mg kg-1). Whilst the extractants of E6 had the least 

amount of extracted B (0.22 ± 0.06 mg kg-1); whereas E5 and E7 each had B extractions of 

0.25 ± 0.08 mg kg-1. The result also revealed that all the extractants used showed great 

variation in terms of B concentration and they extract B from soil in the order of  

Hot water B > 0.05 M HCl Ext. B > 1:2 water Ext. B > 0.005 M DTPA Ext. B = 0.018 M 

CaCl2 (hot)+ 0.05 M Mannitol > 0.018 M CaCl2 (cold)= 1 M NH4 OAc > 0.25M sorbitol 

DTPA = 1:1 water > 0.25M  NH4-oxalate. 
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The results regarding simple correlation revealed that hot water extractable B was 

significantly correlated with 0.05M HCl extractable B (r = 0.99**  at P < 0.01) and 1:2 

water extractable B (r = 0.98**  at P < 0.01). Consequently, on the basis of these results, 

0.05M HCl was substituted as a replacement for of the hot water extractant, under high 

pH, calcareous and low OM soils (Table 4.3.3.4). These results are in accordance with 

the findings of other researchers in which they revealed that the water soluble B is also 

reported as non-specifically adsorbed B fraction and it was very feebly held by divergent 

soil constituents (particles), consequently with simple irrigation water this B fraction is 

released in to the solution (water) and recognized as most easily available B fraction for 

plant uptake (Keren and Bingham, 1985; Kausar et al., 1990; Leyshon and Jame, 1993; 

Renan and Gupta, 1991; Wang et al., 1997). However, in the case of exchangeable B 

fraction (B1), OM and clay content of soil may be responsible for B adsorption (Jin et al., 

1987). Some other factors of this low B in Pakistani soils were the high pH and low OM 

content (Niaz et al., 2002; Rashid, 2005). OM also adsorbs B (Goldberg, 1997; Ho and 

Houng, 1991) and humus of some soil contained B (Parks and White, 1952). Contrasting 

to the residual B fraction, B0, B1 has a vast variation window amongst all twenty soils in 

the relative proportion of total soil B held in these fractions. Similarly, amongst the 

Pakistan soils the relative proportion of total soil B linked with B2 and B3 fraction was 

greatly varied than carried out in other experiments on soils of Canada (Hou et al., 1996), 

U.S.A. (Jin et al., 1987; 1988) and China (Xu et al., 2001; Zheng et al., 1980). 

4.3.4 B fractions present in high pH calcareous soils 

In the present fractionation study, highest B fractions were observed in form of 

residual B and it varied from 14.76 to 148.02 mg kg-1 with an average value of 70.50 ± 

35.60 mg kg-1 (Table 4.3.4.1). Total soils B content of all twenty soils were fairly higher 

and it varied from 15.61 to 152.80 mg kg-1 with a mean value of 73.29 ± 36.30 mg kg-1. 

This total B content were entirely non available to plants and it was not an indicator of 

good B supply soil. Further literature showed that this total B level was well below the 

Indian, Canadian and U.S.A. reported total soil B content values of 7 – 630 mg kg-1 

(Kanwar and Randhawa, 1974), 78.8 to 395 mg kg-1 (Hou et al., 1996) and 10-300 mg 

kg-1 (Whetstone et al., 1942), respectively. Both (total soil B and Residual soil B) values  
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Table 4.3.3.2 Plant available B or readily soluble B in twenty soil series extracted by 
different chemicals or other extractants 

Soil Series E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 
Pacca 0.41 0.39 0.34 0.31 0.30 0.21 0.23 0.35 0.31 0.33 
Lyallpur 0.29 0.3 0.28 0.27 0.23 0.23 0.18 0.28 0.28 0.27 
Rasulpur 0.18 0.18 0.14 0.16 0.15 0.14 0.16 0.17 0.14 0.16 
Rustam 0.53 0.56 0.39 0.40 0.38 0.33 0.49 0.50 0.39 0.46 
Rangpur 0.19 0.19 0.19 0.13 0.18 0.11 0.17 0.18 0.19 0.18 
Jhang 0.34 0.34 0.25 0.25 0.23 0.23 0.25 0.31 0.25 0.30 
Sindhelianwali 0.42 0.41 0.37 0.29 0.38 0.28 0.34 0.40 0.37 0.36 
Sultanpur 0.17 0.16 0.31 0.31 0.30 0.19 0.21 0.15 0.32 0.35 
Thal 0.11 0.12 0.22 0.22 0.21 0.22 0.22 0.11 0.24 0.25 
Hafizabad 0.24 0.21 0.16 0.18 0.13 0.18 0.15 0.21 0.17 0.19 
Bhakkar 0.37 0.41 0.28 0.36 0.24 0.31 0.29 0.37 0.26 0.39 
Kasur 0.13 0.13 0.12 0.13 0.10 0.11 0.11 0.14 0.16 0.15 
Khair 0.35 0.33 0.3 0.25 0.28 0.16 0.30 0.32 0.30 0.25 
Lalian 0.41 0.42 0.35 0.39 0.34 0.29 0.35 0.39 0.38 0.39 
Miani 0.28 0.27 0.21 0.25 0.19 0.20 0.21 0.25 0.24 0.25 
Shahdra 0.38 0.38 0.35 0.25 0.33 0.20 0.28 0.36 0.35 0.25 
Satghara 0.25 0.24 0.21 0.20 0.19 0.20 0.21 0.23 0.21 0.23 
Yazman 0.31 0.31 0.26 0.23 0.22 0.21 0.26 0.29 0.27 0.29 
Pindorian 0.48 0.48 0.35 0.33 0.34 0.26 0.33 0.47 0.45 0.42 
Bhalwal 0.49 0.45 0.29 0.41 0.28 0.30 0.27 0.44 0.37 0.39 
Mean  0.32 0.31 0.27 0.27 0.25 0.22 0.25 0.30 0.28 0.29 
Total 6.33 6.28 5.37 5.32 5.00 4.36 5.00 5.92 5.65 5.86 

 
Table 4.3.3.3 Descriptive statistics for different extractants used in B fractionation 
Stat. Parameters E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 
Mean 0.32 0.31 0.27 0.27 0.25 0.22 0.25 0.30 0.28 0.29 
Median 0.33 0.32 0.28 0.25 0.24 0.21 0.24 0.32 0.28 0.28 
Mode 0.41 0.40 0.35 0.25 0.30 0.20 0.21 0.21 0.37 0.25 
S.D. 0.12 0.13 0.08 0.08 0.08 0.06 0.09 0.11 0.09 0.09 
Minimum 0.11 0.13 0.12 0.13 0.10 0.11 0.11 0.17 0.14 0.15 
Maximum 0.53 0.58 0.39 0.41 0.38 0.33 0.49 0.51 0.45 0.46 
do not link or influence plant available B, so their high level had no any significance for 

plant availability point of view (Tsalidas et al., 1994; Datta et al., 2002; Vaughan and 

Howe, 1994). Total soil B was fractionated for the very first time in Pakistan (in arid 

climatic conditions) under higher pH, higher calcareousness and extremely low OM 

conditions. Moreover, for the very first time we used twenty soils in the fractionation 

experiment, whereas Hou et al., (1996) used 15 soils, Xu et al., (2001) used 13 Chinese 
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soils, Jin et al., (1987) used 14 soils while Datta et al., (2002) used 17 Indian soil to 

develop B fractionation techniques. For the very first time twenty different calcareous 

natured high pH soils in the fractionation experiment were used to evaluate different B 

Table 4.3.3.4 Simple correlation analysis between different extractants used for B 
extraction from soil 
  E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 

E1 1.00          
E2 0.99 1.00         
E3 0.80 0.81 1.00        
E4 0.80 0.81 0.81 1.00       
E5 0.78 0.78 0.98 0.78 1.00      
E6 0.77 0.80 0.71 0.90 0.69 1.00     
E7 0.82 0.86 0.84 0.77 0.86 0.79 1.00    
E8 0.98 0.97 0.80 0.79 0.78 0.78 0.84 1.00   
E9 0.81 0.81 0.93 0.83 0.94 0.72 0.80 0.82 1.00  
E10 0.80 0.83 0.84 0.95 0.83 0.90 0.83 0.81 0.87 1.00 

fractions in Pakistan. For this purpose soil series were selected which belonged to 

different U.S.A. taxonomical orders and classes. Soil samples (30 cm) were extracted 

using a modified Jin et al., (1987) and Xu et al., (2001) methods of B fractionation. All of 

these soil series of variable nature were partitioned in to five different fractions named as 

0.05 M HCl extractable B (B0), 0.05 M KH2PO4 exchangeable B (B1), 0.02 M HNO3-

H2O2 (30%) extractable B (B2), 0.25 M NH4-oxalate extractable B (B3) and the residual B 

(B4). By and large, B distributed in the fractions of B0, B1 and B4 considered as more 

significant for plant nutrition perspective. The data also indicated that very little B 

amounts were extracted as readily soluble B (B0) with 0.05 M HCl and this B fraction is 

the lowest (sum of all soil series were 6.56 mg B kg-1 and it was ~0.45% of total B) in the 

overall B fractionation design (Table 4.3.4.1). 

The highest B0 fractions were obtained from Rustam series (0.52 mg B kg-1) followed by 

Pindorian (0.49 mg B kg-1), Thal series (0.47 mg B kg-1), Bhalwal (0.45 mg B kg-1) and 

Lalian series (0.41 mg B kg-1) while minimum B0 fraction was obtained from Kasur 

series (0.14 mg B kg-1), Rauslpur series (0.15 mg B kg-1) and Rangpur series (0.17 mg B 

kg-1). The results also revealed that among all boron fractions of water soluble (B0), NH4-

oxalate extractable (B1), exchangeable (B2) and HNO3-H2O2 extractable (B3), the utmost 

boron fraction (2.99 mg B kg-1) was obtained from B3 fraction followed by B1 (2.95 mg 

kg-1) while the lowest boron fraction was observed in B3 fraction (0.01 mg B kg-1)  
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(Figure 4.3.4.1). The percent distribution of total soil boron into different fractions of 

water soluble boron (B0), exchangeable B (B1), HNO3 + H2O2 extractable (B2), NH4-

oxalate extractable (B3) and residual B (B4) was 0.45, 1.03 %, 1.62%, 0.71 % and 96.19 

%, respectively (Table 4.3.4.1). The distribution of boron fractions (on percentage basis) 

in high pH soil of Pakistan illustrated that 0.05 M HCl extractable B proved easily-

soluble B or water-soluble B. Additionally, this B fraction was also acknowledged as 

non-specifically adsorbed B as well by some researchers (Hou et al., 1996; Jin et al., 

1987; 1988; Xu et al., 2001). The distribution of total soil B into relative B fractions in 

twenty soil series exhibited that the water soluble (B0) boron comprised of 0.21 to 2.37% 

of total B, exchangeable B (B1) 0.15 to 3.60%, HNO3-H2O2 extractable (B2) 0.62 to 

5.78%, NH4-oxalate extractable (B3) 0.01 to 4.33 % and the residual boron (B4) 90.68 to 

98.29% (Table 4.3.4.2). When we compared the soil series, the highest readily soluble B 

was found in Rustam series (Typic Torrifluvents), contained clay loam, calcareous, high 

pH and low OM characteristics while the lowest B was found in Kasur series (Halic 

Ustorthents). Similar kind of results were also reported by other researchers in which 

they concluded that some organically bound soils contained as more as 23 % of soil B 

when extracted by HNO3-H2O2 mixture (Hou et al., 1994) but some have the view point 

that in acidic or mentral soils humic substances are mostly contributed only a minute role 

in B adsorption (Gu and Lowe, 1990), while Marzadori et al., (1991) revealed that soils 

treated with material to replenish/remove OM, considerably amplified soil B sorption.  

Nutshell, clearly further precession research on the specific role of OM in B 

nutrition to plants in necessitated (needed). Moreover, by keeping in view the exact 

amount of B present in organically bound fractional form, soil tests should be conducted 

to assess its availability to plants (Chang et al., 1992). Literature also showed that 

fractionation techniques developed by Hou et al., (1996) proved to be more 

practical/applicable than Jin et al., (1987), which avoid an organically bound B fraction 

in specifically adsorbed extraction procedure. 
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Table 4.3.4.1 Boron fractions in twenty soil series under wheat- cotton cropping 
system of Punjab, Pakistan 

Soil Series Bo B1 B2 B3 B4 Bt 
Pacca 0.37 0.19 0.23 0.06 14.76 15.61 
Lyallpur 0.28 0.22 1.11 0.01 17.59 19.21 
Rasulpur 0.15 1.12 0.51 0.01 29.33 31.12 
Rustam 0.52 0.29 0.86 0.1 43.89 45.66 
Rangpur 0.17 0.13 0.93 0.02 71.87 73.12 
Jhang 0.28 0.42 0.55 1.11 86.27 88.63 
Sindhelianwali 0.39 0.37 1.03 0.12 51.98 53.89 
Sultanpur 0.34 1.33 1.12 0.1 76.02 78.91 
Thal 0.47 0.27 0.98 0.2 91.26 93.18 
Hafizabad 0.19 2.95 1.85 0.95 57.8 63.74 
Bhakkar 0.38 1.31 1.27 2.99 63.15 69.1 
Kasur 0.14 0.11 1.35 0.17 37.35 39.12 
Khair 0.33 0.25 1.18 0.16 29.71 31.63 
Lalian 0.41 2.27 1.59 0.2 72.65 77.12 
Miani 0.27 0.14 1.76 0.59 92.87 95.63 
Shahdra 0.38 0.33 1.23 0.86 98.43 101.23 
Satghara 0.24 0.19 2.08 0.75 109.1 112.36 
Yazman 0.31 0.25 1.75 1.02 112.12 115.45 
Pindorian 0.49 2.48 1.23 0.58 148.02 152.8 
Bhalwal 0.45 0.45 1.09 0.47 105.79 108.25 

Total 6.56 15.07 23.7 10.47 1409.96 1465.76 
Mean 0.33 0.75 1.19 0.52 70.50 73.29 
SD 0.11 0.87 0.47 0.69 35.62 36.26 
% B Fraction of Total B 0.45 1.03 1.62 0.71 96.19  

Overall, boron content in this fractionation study followed the order of 

B4     >  B2   >   B1    >    B3     >   B0 

Or 
Residual B>HNO3-H2O2 Ext. B>Exchangeable B>NH4-oxalate Ext. B>water soluble B. 

The data also indicated that except one soil series (i.e. Rustam series), all the soil series 

had readily B concentration well below the critical level of 0.50 mg kg-1, so this low B 

status was due to high soil pH, high calcareousness of the area, low OM content and 

aridity of the climate. It is also clear from the data that most B available to cotton and 

wheat plants were present in B0 and B1 forms while boron fractions exists as B2, B3 and 

B4 forms are unavailable to plants. The statistical analysis showed that mean B0, B1, B2, 
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Figure 4.3.4.1 Different boron fractions (B0, B1, B2 and B3) present in 20 soil series.  

Table 4.3.4.2 Relative distribution (%) of total soil B into five B fractions in twenty 
soil series 
Soil Series Bo B1 B2 B3 B4 
Pacca 2.37 1.22 1.47 0.38 94.55 
Lyallpur 1.46 1.15 5.78 0.01 91.57 
Rasulpur 0.48 3.60 1.64 0.01 94.25 
Rustam 1.14 0.64 1.88 0.22 96.12 
Rangpur 0.23 0.18 1.27 0.03 98.29 
Jhang 0.32 0.47 0.62 1.25 97.34 
Sindhelianwali 0.72 0.69 1.91 0.22 96.46 
Sultanpur 0.43 1.69 1.42 0.13 96.34 
Thal 0.50 0.29 1.05 0.21 97.94 
Hafizabad 0.30 4.63 2.90 1.49 90.68 
Bhakkar 0.55 1.90 1.84 4.33 91.39 
Kasur 0.36 0.28 3.45 0.43 95.48 
Khair 1.04 0.79 3.73 0.51 93.93 
Lalian 0.53 2.94 2.06 0.26 94.20 
Miani 0.28 0.15 1.84 0.62 97.11 
Shahdra 0.38 0.33 1.22 0.85 97.23 
Satghara 0.21 0.17 1.85 0.67 97.10 
Yazman 0.27 0.22 1.52 0.88 97.12 
Pindorian 0.32 1.62 0.80 0.38 96.87 
Bhalwal 0.42 0.42 1.01 0.43 97.73 
B3, B4, and Bt fractions were 0.33 ± 0.11, 0.75 ± 0.87, 1.19 ± 0.47, 0.52 ± 0.69, 70.50 ± 

35.62, 73.29 ± 36.26, respectively. The maximum values of   B0, B1, B2, B3, B4, and Bt 
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fractions were 0.52, 2.95, 2.08, 2.99, 148.02 and 152.80 mg kg-1, respectively while the 

minimum B0, B1, B2, B3, B4, and Bt fractions were 0.14, 0.11, 0.23, 0.01, 14.76 and 15.61 

mg kg-1, respectively (Table 4.3.4.5). Many researchers also produced B fractionation 

schemes and divided B into various pools. Hou et al., (1996) reported that readily soluble 

and specifically adsorbed B comprised <2% f total B, and different hybroxides-oxides, 

and organically associated B forms comprised 2-3 and 8.6%, respectively. Zerrari et al., 

(1999) reported that B fraction in residual form constituted the most imperative fraction  

Table 4.3.4.3 Summary statistics for different fractions present in twenty soil series 
Stat. Parameters Bo B1 B2 B3 B4 Bt 

Mean 0.33 0.75 1.19 0.52 70.50 73.29 

Standard Error 0.03 0.20 0.10 0.15 7.96 8.11 

S. D. 0.11 0.87 0.47 0.69 35.62 36.26 

Minimum 0.14 0.11 0.23 0.01 14.76 15.61 

Maximum 0.52 2.95 2.08 2.99 148.02 152.80 

Table 4.3.4.4 Correlation co-efficient values (r) between soil B fractions and soil 
properties  

Soil B 
Fractions 

pHs O.M. CaCO3 Clay Fe Mn 

Bo 0.18 0.17 0.76**  0.80**  0.16 0.03 
B1 0.24 0.20 0.09 0.24 -0.16 -0.32 
B2 0.25 0.13 -0.28 0.25 0.57** -0.26 
B3 0.14 -0.13 0.02 0.14 0.41* -0.37 
B4 -0.12 0.10 0.03 -0.12 0.04 -0.30 

(78.80 %). Simple correlation analysis showed that soil pH (r = 0.18 at P <0.05), OM (r= 

0.17 at P <0.05), AB-DTPA extractable Fe (r= 0.16 at P <0.05) and Mn (r= 0.03 at P 

<0.05) content of soil had non- significant effect on B0, B1 and B3 but CaCO3 and clay 

content was significantly correlated with only B0 and non-significantly with B1, B2, B3 

and B4 fractions. Similarly AB-DTPA extractable Fe was significantly correlated with B2 

(r= 0.57* at P <0.05) and B3 fractions (r= 0.41* at P <0.05) (Table 4.3.4.6).  In the same 

way soil electrical conductivity (ECe) had significant negative correlation (r= 0.99**  at P 

<0.01) with B4 fraction but had no significant correlation with rest of the soil B fractions.  
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Table 4.3.4.5 Simple correlation analysis between soil B fractions and soil 
characteristics.  
  Bo B1 B2 B3 B4 pHs ECe Clay O.M. CaCO3 Fe Mn 

Bo 1.00            

B1 0.09 1.00           

B2 -0.16 0.25 1.00          

B3 0.06 0.22 0.28 1.00         

B4 -0.10 0.25 -0.01 0.17 1.00        

pHs 0.18 0.24 0.25 0.14 -0.12 1.00       

ECe  0.12 -0.21 0.05 -0.15 -0.99 0.26 1.00      

Clay 0.80 0.22 0.06 0.26 -0.04 0.33 0.08 1.00     

O.M. 0.17 0.20 0.13 -0.13 0.10 0.39 -0.04 0.37 1.00    

CaCO3  0.76 0.09 -0.28 0.02 0.03 -0.02 -0.03 0.73 0.26 1.00   

Fe 0.16 -0.16 -0.57 -0.41 0.04 -0.54 -0.11 0.00 -0.02 0.22 1.00  

Mn 0.03 -0.32 -0.26 -0.37 -0.30 0.02 0.29 -0.17 -0.26 -0.11 0.13 1.00 

 When all five boron fractions (B0, B1, B2, B3 and B4) were correlated with each other, 

there was a significant correlation between B0 and HWSB (r = 0.71* at P < 0.05), 0.05 M 

HCl extractable B(r = 0.68* at P < 0.05) and 0.018 M CaCl2 extractable B (r = 0.83* at P 

< 0.05). But other boron fractions (B1, B2, B3 and B4) had no significant correlation with 

HWSB, 0.05 M HCl extractable B and 0.018 M CaCl2 extractable B. The results depicted 

in figure 2 showed that there was a lot of variation in the pH of these soil series and this 

high pH had variable effects on B0 fraction (plant available fraction) in our soils. In all 

soil series pH varied from 7.95 to 8.65, consequently B0 fraction was less than 0.50 mg 

kg-1 critical level apart from one soil series. 

 
Table 4.3.4.6 Correlation co-efficient values (r) between HWSB, HCl extractable B, 
CaCl2 extractable B and other soil B Fractions. 

Soil B Fractions HWSB 0.05 M HCl Ext. B 0.018 M CaCl2 Ext. B 
Bo 0.71**  0.68**  0.83**  
B1 0.10 0.11 0.04 
B2 -0.14 -0.13 -0.21 
B3 0.19 0.15 -0.03 
B4 0.12 0.14 0.09 
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Figure 4.3.4.2 Effect of soil pH on soil Bo fraction (0.05M HCl extractable boron 
fraction). 
The results obtained from present study are in agreement with the findings of other 

workers in which they exhibited that most of Pakistani soils are B deficient (Niaz et al., 

2002; Sillanpae, 1982, Rashid, 2005; Jame et al., 1982; Keren and Mezuman, 1981) and 

they reported that these soils were well below hot water soluble B critical level of 0.50 

mg kg-1 (Niaz et al., 2002; 2007). Further, their findings showed that coarse textured 

sandy loam and loamy sand soils were more B deficient than fine textured clay loam soils 

(Keren and Mezuman, 1981; Keren et al., 1985b). Few scientists investigated total soil B 

by using fusion of Na2CO3 (Gupta, 1966). He extracted total soil B by using di-acids 

comprising HCl and H2SO4 both having 6 N concentration. His results showed that the 

absorbance of the B-carmine-complex resulted in elevated B readings and this was due to 

the interference of H2SO4 used in the extraction procedure while HCl extracts exhibited no 

any difficulty. The results also revealed that more B was recovered by HCl extraction than 

H2SO4 extraction. Furthermore, another advantage of HCl extraction was easiness in 

filtration. Temporary B deficiency can be triggered by liming of acid soils because of 

increased B adsorption at higher soil pH (Reisenauer et al., 1973). Plants vary in their B 

requirement, but the range between deficient and toxic soil solution concentrations of B is 

smaller than for any other nutrient element. Both deficient and toxic levels of B in the soil 
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solution can occur during a single growing season (Reisenauer et al., 1973). In arid and 

semi-arid areas, B toxicity results from high levels of B in soils and from additions of B 

via the irrigation water (Nable et al., 1997; Leyshon and Jame, 1993; Eaton, 1935; Keren 

and Bingham, 1985a). Gupta (1968) reported that total B content of soils varied from 45 to 

124 while hot water soluble B was ranged from 0.38 to 4.67 mg kg-1. Commonly the B 

content was maximum in clay-textured soils and minimum in coarse sandy soils. Percent of 

total B in the HWSB fraction present in the range of 0.44 to 4.69 moreover hswB was more 

in excellently handled and well managed soils and low in maltreated or abandoned soils. 

His findings also showed that HWSB was significantly correlated (at P< 0.01) with total 

soil B and OM. 

CONCLUSIONS 

Plant available (B0) and exchangeable B fractions (B1) were only 0.45 and 1.03 %, 

respectively, whereas acid extractable (B2), ammonium oxalate extractable (B3) and the 

residual B fractions (B4) were 1.62, 0.71 and 96.19 %, respectively of the total soil B 

content. Average plant available B fraction in all the twenty soil series was 0.33±0.11 mg 

kg-1 and considered as deficient level. The correlation between HWSB and 0.05M HCl 

extractable B was significantly higher (r = 0.99**  at P<0.01) than all other extractants 

used in this determination, thus 0.05M HCl may be the substitute of hot water for 

extracting readily plant available B.  
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STUDY 4 

4.4 Effect of boron application on growth and yield of cotton in 
calcareous soils:  

Cotton is an important cash crop of Pakistan. In the global village, Pakistan is the 

third, fourth and the fifth largest exporter (raw cotton), consumer and the producer of 

cotton, respectively. Further, the markedly biggest exporter of yarn in the world is also 

the Pakistan (Anonymous, 2007). Regardless of all this, there is a frequent surveillance of 

premature boll shedding in cotton and low yield outputs in wheat. The farmers’ 

community in our country has little awareness about B fertilization. Boron has been 

universally acknowledged as the most significant micronutrient (Shorrocks, 1997) 

particularly for improved cotton production (Shelby, 1996; Cassman, 1993; Stewart, 

1986). Approximately 50 % of the cotton soils and cotton plants are thought to suffer 

from B deficiency (Rashid et al., 1997). 

This two-year study was initiated at Institute of Soil and Environmental Sciences, 

UAF, to assess the responses of cotton to various levels of boron under wheat-cotton 

cropping system of Pakistan. The soils were generally built-up in calcareous, sandy, silty, 

loamy and clayey material of alluvium and loessial deposits. The climate of the cotton 

growing soils is semi arid to arid and at few places extremely arid (with an average 

rainfall of 250-400 mm per annum). The majority of rainfall occurred during monsoon 

season especially in the months of July, August and September.  

The U.S. taxonomical classification or great groups of these soils were Typic 

Torripsamments, Typic Camborthids and Typic Ustochrepts whereas soil taxonomical 

orders were Aridisols, Entisols, Alfisols and Inceptisols. The major irrigation systems 

depends upon river Indus and its associates like Jhelum and Chenab, while few soils were 

also irrigated with under ground water by tubewells. The details of the soil classification 

along with soil texture and soil series of experimental sites were presented in Table 4.4.1. 

The soil series of the experimental sites were Jhang series (S1), Sultanpur series (S2) and 

Sindhelianwali series (S3). The textural analysis showed that S1, S2 and S3 soil series had 

Loam, Sandy clay loam and silt loam textures. 
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Table 4.4.1 Details of soil classification along with texture of the experimental sites. 

U.S. Taxonomy/Great group Soil series Soil texture Site Code 

Typic Torripsamments Jhang Loam S1 

Typic Camborthids Sultanpur Sandy clay loam S2 

Typic Ustochrepts Sindhelianwali Silt loam S3 

Table 4.4.2 Some physico-chemical properties of the soils. 

Characteristics Units 
S1 S2 S3 

pHs - 8.00 8.10 7.90 
ECe  (dS m-1) 1.14 0.64 1.27 
CaCO3  (%) 8.51 5.84 9.15 
Organic Matter (%) 0.59 0.81 0.77 
Total N  (%) 0.028 0.025 0.029 
Available P  (mg kg-1) 5.86 6.17 8.24 
Available K  (mg kg-1) 125 113 141 
0.05 M HCl extractable B (mg kg-1) 0.25 0.19 0.33 
Texture - Loam Sandy clay 

loam 
Silt loam 

All the soils in the area were alkaline in reaction (soil pH ranged from 7.90 to 8.10) and 

calcareous in nature. CaCO3 content of S1, S2 and S3 were 8.51, 5.84 and 9.15 %, 

respectively. Soil analysis also confirmed that the fertility status of all the soils was low 

as OM content, total N content, available P, extractable K and 0.05M HCl extractable 

boron concentration were very low (Table 4.4.2). Whilst the electrical conductivity is 

normal and there were no salinity or sodicity hazards in the experimental area. The cotton 

crop showed significant responses to boron application in terms of growth and yield 

parameters as described below. 

4.4.1 Effect of boron application on numbers of bolls per plant  

 Fruit abscission or premature shedding in the form of bolls, flowers or squares is a 

severe trouble with cotton crop and one of the core reason behind this aspect is B 

deficiency especially under high pH and calcareous soils having very low O.M. 

Therefore, boll numbers per plant attain great importance among researchers and farmers. 

If plants retain more bolls then there will be more seed cotton yield. Generally, it is 

considered that boll number and weight is directly proportional to the seed cotton yield 

and lint percentage when all other factors remained constant accompanied by plant 
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population. In the present study, boll retention significantly affected by B application and 

more number of bolls were obtained from B treated plots at all the sites and in both the 

years. The lowest premature boll and square shedding was occurred in the B applied plots 

(Figure 4.4.1 and 4.4.2). The results depicted in graph (during 2006) showed that the 

highest numbers of bolls per plant (38 bolls) were produced by B application of 1.25 kg 

B ha-1 at S1, whereas 1.00 kg B ha-1 produced 34 and 36 bolls per plant at S2 and S3, 

respectively. The lowest numbers of bolls per plant at S1 (31 bolls), S2 (28 bolls) and S3 

(26 bolls) were obtained from 3 kg B ha-1 followed by control plots at all three sites 

(Figure 4.4.1). Data indicated that lesser number of bolls were produced in heavily B 

treated plots and this fall-off was significantly lower than the check plots and other B 

levels. Further, these results revealed that high B doses reduced the flowering and boll 

formation processes and this lead to B toxicity (as sunburn like spots, initially yellow and 

brown spots which turns into scorched like structure) in cotton at higher levels during 

2006 at two sites out of three (S1, S2). In the case of loam soil (S1), the trend of response 

of cotton crop to applied boron pertaining to boll number per plant was nearly identical as 

in the case of sandy clay loam (S2) and silt loam (S3). This response of cotton might be 

due to the low soil B concentration at all three sites or other soil factors like CaCO3, high 

pH and low OM content at all sites. B application significantly increased the number of 

bolls per plant with B levels of 0.50 up to 1.50, 1.75 and 1.25 kg ha-1 at S1, S2 and S3, 

respectively and after that number of bolls per plant decreased significantly up to 3 kg B 

ha-1. Further, number of bolls per plant at B levels of 1.25 and 1.50 kg ha-1 were 

statistically at par with each other but significantly higher than control as well as all other 

B treatments at S1. In contrast, boll numbers at B levels of 0.75, 1.00, 1.25, 1.50 and 1.75 

kg ha-1 were statistically non-significant with each other but significantly superior than 

control or all other B treatments at S2 and boll numbers at B levels of 0.75,1.00 and 1.25 

kg ha-1 had no statistical difference regarding each other but significantly better than 

control and all other B treatments at S2. During next year (2007), B application 

significantly increased the boll retention and the highest numbers of bolls were observed 

at S1 (32 bolls per plant), S2 (31 bolls per plant) and S3 (32 bolls per plant) at B 

application levels of 1.25, 1.75 and 1 kg ha-1, respectively (Figure 4.4.2). 
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Figure 4.4.1 Effect of B fertilization on number of bolls per plant during 2006. 

Figure 4.4.2 Effect of B fertilization on number of bolls per plant during 2007. 

The lowest numbers of bolls per plant were obtained from control plots followed by 3 kg 

B ha-1, at all three sites. B toxicity appeared in all the three sites and bronzed or 

suntanned leaves, burning spots on petioles and yellow stem and leaves were observed. 

The magnitude of this toxicity due to B was variably different but yield decrease was 

noticed at all the higher B levels. These results are in accordance with the findings of 

other researchers in which they revealed that short photosynthetic rate and plant growth 
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(especially fruits and roots) resulted in amplified fruit abscission and changes in dry 

matter partitioning among plant tissues (Zhao and  Oosterhuis, 2000; Heitholt, 1994; 

1992). These results are also supported by Dordas (2006b), in which he recently 

concluded that foliar B application enhanced the boll mass by an average of 29 %, boll 

number per plant and the boll number per square meter by 29 % over control. There is 17 

% and 25 % improvement in seed germination and vigor by foliar B application over 

control treatment. The physical observations of the experiment were also observed and 

the plant appearance showed deficiency symptoms clearly in cotton plants, and they 

appear first in the terminal parts of plant and the terminal bud weakened and then 

departed from plants in control treatment (-B). Boron deficient cotton showed evidence 

of deformed, undersized and rough bolls along with poor fruit retention and reduced lint 

yields. B deficient cotton plants were pale or yellowish green in color and this was 

obvious in younger leaves (Rosolem et al., 1999; Cassman, 1993; Heathecote and 

Smithson, 1974). Premature boll and square shedding frequently occurred in control 

plots. The size of boll was reduced, wrinkled and the bolls that retained were distorted, 

compressed and flattened. The inner sides of the affected bolls were typically ruptured 

and faded appearances of petioles were also noted. Similar kinds of symptoms were also 

reported by other scientists (Stewart, 1986; Cassman, 1993). Whereas few researchers 

studied, that B is required in only trace amounts but plays an important role in the 

reproductive process of the cotton plant (Heitholt, 1994; Rosolem et al., 1999). Further 

they reported that B had substantial effects on boll formation, therefore it was recognized 

as important agent used for improvement in boll weight and seed setting in cotton 

(Heitholt, 1994; Cassman, 1993; Heathecote and Smithson, 1974).  

4.4.2 Effect of boron application on boll weight 

The results regarding average boll weight depicted in Table 4.4.3 show that boll 

weight was significantly increased with increasing B levels in all the three soils but the 

optimum level of boron for highest average boll weight was different in different textured 

soils. The maximum weight of bolls was achieved with 1.25, 1.75 and 1.00 kg B ha-1, at 

S1 (3.49 g boll-1), S2 (4.07 g boll-1) and S3 (4.23 g boll-1) respectively, during the first year 

(2006). The lowest boll weights at S1 and S3 were 3.08 and 3.47 g boll-1 at boron 

application levels of 3 kg ha-1 whereas the lowest boll weights from S2 (3.43 g boll-1) was 
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observed in the control plots. Moreover, boll weights from B treated plots of 1.00 and 

1.25 kg ha-1 were statistically at par with each other but significantly greater than control 

or all other B treatments at S1 and after this further boron application resulted in to 

significant loss in boll weights especially at 3 kg B ha-1. Likewise, boll weights from B 

treated plots of 0.75, 1.00, 1.25, 1.50, 1.75, 2.00 and 3.00 kg ha-1 were statistically non-

significant regarding each other but significantly higher than control as well as all other B  

Table 4.4.3 Effect of B application on boll weight (g boll-1) at three different sites 
during 2006. 

B Treatments B Doses(kg ha-1) S1 S2 S3 

T1 0.00 3.18 F 3.43 C 3.65 BCD 

T2 0.25 3.20 EF 3.46 C 3.80 ABCD 

T3 0.50 3.29 CDE 3.49 BC 4.08 ABC 

T4 0.75 3.38 BC 3.61 ABC 4.11 AB 

T5 1.00 3.41 AB 3.65 ABC 4.23 A 

T6 1.25 3.49 A 4.02 AB 3.94 ABCD 

T7 1.50 3.31 BCD 4.05 A 3.75 ABCD 

T8 1.75 3.30 CD 4.07 A 3.57 CD 

T9 2.00 3.23 DEF 3.83 ABC 3.51 D 

T10 3.00 3.08 G 3.82 ABC 3.47 D 

LSD - 0.939 0.491 0.479 

% Increase over control 
- 9.80 18.00 15.90 

treatments at S2.  In contrast, boll weights at B levels of 0.25, 0.50, 0.75, 1.00, 1.25 and 

1.50 kg ha-1 were not statistically differed with each other but significantly better than 

control and all other B treatments at S3 (Table 4.4.3). In this case, higher boron doses 

(1.75 to 3.00 kg ha-1) might cause some toxicity, which leads to weight loss of bolls. The 

results also revealed that during first year (2006), percent increase in boll weight over 

control were 9.80, 18 and 15.9 % at S1, S2 and S3, respectively (Table 4.4.3).   

While during next year (2007), the highest boll weight was obtained from B levels 

of 1.50, 1.00 and 1.00 kg B ha-1 at S1 (3.71 g boll-1), S2 (4.01 g boll-1) and S3 (4.12 g boll-

1), respectively. The lowest boll weights at S1, S2 and S3 were 3.19, 3.27 and 3.40 g boll-1 

at boron application levels of 3 kg ha-1 whereas the boll weights from control plots at S1, 

S2 and S3 were 3.28, 3.49 and 3.65 g boll-1, respectively. Data also indicated that the 
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highest B application levels (i.e. 3 kg ha-1) produced the similar boll weights as in case of 

control or these both treatments were statistically at par with each other (Table 4.4.4).  

Table 4.4.4 Effect of B application on boll weight (g boll-1) at three sites during 2007. 
B Treatments B doses (kg ha-1) S1 S2 S3 

T1 0.00 3.28 B 3.49 BCD 3.65 DEF 

T2 0.25 3.29 B 3.58 ABCD 3.73 CDE 

T3 0.50 3.32 B 3.88 ABC 4.02 ABC 

T4 0.75 3.44 AB 3.91 AB 4.07 AB 

T5 1.00 3.45 AB 4.01 A 4.12 A 

T6 1.25 3.49 AB 3.73 ABCD 3.82 BCD 

T7 1.50 3.71 A 3.55 ABCD 3.64 CDE 

T8 1.75 3.27 B 3.37 CD 3.40 F 

T9 2.00 3.23 B 3.31 D 3.42 F 

T10 3.00 3.19 B 3.27 D 3.40 F 

LSD - 0.231 0.301 0.266 
% Increase over control - 13.11 14.90 12.88 

Additionally, boll weights from B applied plots of 0.75, 1.00, 1.25 and 1.50 kg ha-1 were 

statistically at par with each other but significantly higher than control as well as all other 

B treatments at S1 (loamy soil) and subsequent to this B level, superfluous B doses 

resulted in to significant loss in boll weights especially at 3 kg B ha-1. In the same way, 

boll weights from B treated plots of 0.25, 0.50, 0.75, 1.00, 1.25 and 1.50 kg ha-1 were 

statistically non-significant in comparison with each other but significantly better than 

control or other B treatments at S2 (sandy clay loam soil).  On the contrary, boll weights 

at B levels of 0.50, 0.75, 1.00 and 1.25 kg ha-1 were non-significantly differed from each 

other but significantly improved than control and other B treatments at S3. The data also 

indicated that during second year (2007), percent increase in boll weight over control 

were improved in case of S1 (from 9.80 to 13.11 %), decreased in case of S2 and S3 (from 

18 to 14.9 %) and (from 15.9 to 12.88 %), respectively (Table 4.3 and 4.4).  

These results are in accordance with the findings of other scientists (Zhao and 

Oosterhuis, 2000; 2002; 2005; Woodruff, 2006; Anderson and Boswell, 1972). Their 

findings exhibited that B deficiency greatly minimize leaf net photosynthetic rate, plant 

height, leaf area, fruiting sites, and dry matter accumulation during square and fruit 

formation. Short photosynthetic rate and plant growth (especially fruits and roots) 
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resulted in amplified fruit abscission and changes in dry matter partitioning among plant 

tissues (Zhao and Oosterhuis, 2006; 2003; 2002). Their results also elucidated that B 

deficiency restrain the cotton plant growth and yield. Their findings demonstrated good 

information for improving the detection of boron deficiency in crop production B 

deficiency (Zhao and Oosterhuis, 1998; 2006; 2003 Oosterhuis et al., 2000).  

These results are also supported by Dordas (2006b), in which he recently 

concluded that foliar B application enhanced the boll mass by an average of 29 %, boll 

number per plant and the boll number per square meter by 29 % over control. There is 17 

% and 25 % improvement in seed germination and vigor by foliar B application over 

control treatment. These results are also in accordance with the findings of many 

researchers (Stewart, 1986; Heathecote and Smithson, 1974; Rashid, 1997; Shorrocks, 

1991; 1989; Sillanpae, 1982). Some studies revealed that B deficit in cotton caused 

deformed, misshapened, small-sized, immature bolls; poor or scanty fruit retention and 

reduced lint yields (Borax, 2002). Similarly, these results are in conformity with the 

findings of other researchers in which they established that accelerated maturation and 

increased seed cotton yield by improving the boll formation, boll retention and growth of 

cotton with the application of boron (Heitholt, 1994;1992). Relatively small amounts of B 

are required to support the processes of growth and development of cotton fibers in the 

boll (Rashid, 1995; 1996b). In recent studies on B fertilization in USA, many scientists 

reported that B deficiency could be a problem on soils containing insufficient B, or when 

B availability to the plant is reduced as B form changes with higher soil pH (Extension 

Plant and Soil Science, 2000). They also concluded that soil-applied B increased cotton 

yields even when B deficiency was not evident in the plants when soil pH is low, so there 

findings are also supported these results. Moreover, the flowering and boll formation 

increased with B fertilization. Foliar or soil applied B significantly improved or corrected 

low B concentrations in cotton (Heitholt, 1994). Because small amounts of B are 

required, foliar application of B may be more efficient than soil application, especially 

when deficiency conditions are suspected (Howard et al., 1998). Among the 

micronutrients, deficiency of B is the most frequently encountered in the field (Borax, 

1998; Shelby, 1996). 
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4.4.3 Seed cotton yield (kg ha-1) 

The results regarding seed cotton yield during first year (2006) depicted in Figure 

4.3.3, clearly signify that the maximum seed cotton yield (SCY) was produced on S3 

(3296 kg ha-1), followed by S2 (2945 kg ha-1) and then S1 (2323 kg ha-1).  Similarly, the 

lowest SCY at S1 (1942 kg ha-1), S2 (2359 kg ha-1) and S3 (2662 kg ha-1) were obtained 

from B application levels of 3 kg ha-1 and this low SCY was even less then the SCY from 

control plots. The results markedly showed that B application at all the sites significantly 

improved the seed cotton yield. The difference in yield outputs might be due to the 

differences in physico-chemical properties of soil and agro ecological differences.  

Seed cotton yield significantly increased at S1, S2 and S3 at levels of 1.25, 1.75 

and 1.00 kg B ha-1, respectively. The results also showed that SCY increased significantly 

from the B level of 0.75 kg ha-1, and this increasing trend remained up to 1.75 kg ha-1 and 

then SCY significantly decreased up to the level of 3 kg B ha-1. It is evident that B 

application increased the SCY up to 1.25 kg ha-1 B level but as B level increased, there 

was a decreasing trend in SCY, which might be due to the toxicity of B. These results are 

fully compatible with the findings of other researchers in which they revealed that SCY 

yield increased with B application (Dordas, 2006 b; Abaye, 1998; Stewart, 1986; Malik et 

al., 1992). Moreover, they reported that either imbalances in other nutrients or high B 

concentration in leaves decreased the normal cell division and enzyme activity during 

boll formation (Cohen and Lepper, 1977; Dalton et al., 1986; Cassman, 1993; Stewart, 

1986; Becker, and Deamer, 1991). These results also showed that B application improved 

the growth of cotton. Because growth parameters indicated that flowering of B treated 

plots was excellent, boll retention was more and boll size was improved as mentioned 

above. Almost similar kinds of results were obtained during 2007, and B application 

again significantly increased the SCY. The results depicted in graph (Figure 4.4.4) shows 

that at site S1 (2596 kg ha-1), B application significantly improved (at P<0.05) the SCY at 

levels 0.75 kg B ha-1 and the SCY at this B level was at par with the SCY at 1 and 1.25 

kg B ha-1. While in case of S2 (2639 kg ha-1) and S3 (3051 kg ha-1), B treatment of 1 kg 

ha-1 significantly increased the seed cotton yield (at P<0.05). The lowest SCY at S1 were 

obtained from control whereas at S2 and S3 lowest SCY was obtained from higher B 

application level (i.e.3 kg B ha-1). 
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Figure 4.4.3 Effect of B application on seed cotton yield (kg ha-1) at three sites (year 
2006). 

Figure 4.4.4 Effect of B application on seed cotton yield (kg ha-1) at three different 
sites (2007). 

The results presented in summary statistics (Table 4.4.3) depicts that during first 

year (2006), the highest mean SCY (2942 ±128 kg ha-1) was attained at S3 (Typic 

Ustochrepts, Sindhelianwali series, silt loam texture) followed by S2 (2748 ±105 kg ha-1) 

(Typic Camborthids, Sultanpur series, sandy clay loam texture) and S1 (2096 ±191 kg ha-

1) (Typic Torripsamments, Jhang series, loam texture). 
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Table 4.4.5 Summary statistics of the seed cotton yield at all soil series during both 
years. 

Statistical 
Parameters 

2006 2007 
S1 S2 S3 S1 S2 S3 

Mean 2096 2748 2942 2366 2496 2928 
S. D. 128 105 191 100 133 103 
Median 2119 2756 2897 2374 2494 2920 
Kurtosis 0.20 -0.08 -0.23 -0.93 -0.51 0.36 
Skewness 0.48 0.33 0.46 -0.03 -0.33 0.17 
Minimum 1942 2609. 2662 2213 2262 2758 
Maximum 2348 2945 3296 2523 2671 3117 
% Increase over 
control 

19 
 

13 
 

20 18 
 

16 
 

12 
 

However, during next year (2007), the average SCY increased from 2096 to 2366 kg ha-1 

(~13 % increase) at S1 but the average SCY decreased in the case of S2 from 2748 to 

2496 kg ha-1 (~10 % decrease) and S3 from 2942 to 2928 kg ha-1 (~0.50 % decrease). This 

decline in yield might be due to B toxicity because of B build up in those soil series 

especially in case of higher B treated plots (i.e. B treated plots of 2 and 3 kg ha-1). In both 

the years (2006-2007), SCY gradually increased with B application at all the sites, and it 

ranged from 1942 to 2348 kg ha-1 at S1, 2609 to 2945 kg ha-1 at S2 and 2662 to 3296 kg 

ha-1 at S3 during first year (2006); but during the next year (2007), SCY ranged from 

2213 to 2523 kg ha-1 at S1, 2662 to 2671 kg ha-1 at S2 and 2758 to 3317 kg ha-1 at S3. 

This difference in yield during two years indicated that less B was needed for the 

second cotton crop as compared to first crop because first B application improved the B 

status of soil. This was the reason due to which in first year (Fig 4.4.3), the SCY at S1, S2 

and S3 were significantly increased at 1.25, 1.75 and 1.00 kg B ha-1, respectively whilst in 

second year (Fig 4.4.4) SCY at S1, S2 and S3 were increased at B levels of 0.75, 1.00 and 

1.00 kg B ha-1, respectively. The data also indicated that during first year (2006), SCY at 

S1, S2 and S3 increased 19.40, 13.20 and 19.70 %, respectively over control and during 

second year (2007), it was 17.70, 15.60 and 19.70 %, respectively over control. During 

2nd year, the improvement or progress in SCY was with lower levels of B application as 

compared to that of 1st year. This was due to B fertility built-up with residual B. From 

these results, it is evident that B application should be soil test based which will take care 

of the residual B and save the crop from toxic levels of boron.  
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These results are fully endorsed by the findings of Abaye (1998) in which he reported 

that cotton responded to B and N and seed cotton yield was greatly increased with B 

application of 0.50 kg ha-1. The findings of other researchers also supported the results 

obtained from present study (Rashid, 1995; Rashid, 1996 b). Though lint yields reduced 

at higher B level (i.e. 2 kg ha-1) but an interesting observation was noted that this 

declining trend was less worsen when applied in presence of elevated N fertilizers 

(Chaudhary and Hisiani, 1970). The findings of Oosterhuis and Zhao (2006) also 

supported these results in content in leaf, minimize carbohydrate transport from the leaf to 

the fruit, ultimately leaf photosynthetic rate and stomatal conductance was abated. 

Similarly, Dordas (2006b) concluded that foliar B application on cotton influenced seed 

and lint yield as well as maintained seed quality. B application improved cotton yield by 

an average of 40 % over control. Further, B application amplified the boll mass by an 

average of 29 %, boll number per plant and the boll number per square meter by 29 % 

over control. There is 17 % and 25 % improvement in seed germination and vigor by 

foliar B application over control treatment while the results reported by Anderson and 

Kenneth (1972) were contradictory because they studied that foliar B application had no 

effect on root and shoot development, plant height, node number and reproductive tissue. 

Many other scientists discovered that B application influence cotton yield, lint quality 

and earliness of harvest (Malik et al., 1992). Soil and leaf B content from check plots 

were higher than those typically considered as deficient, suggesting that comparatively 

higher soil B levels promote earliness of harvest and enhanced cotton yield and lint 

quality (Anderson and Boswell, 1972).  

Dugger and Palmer (1980) reported that in cotton ovules that were cultured in vitro, 

B is crucial for fiber growth and development. Rosolem et al. (1980) reported that in 

limed cotton (Gossypium hirsutum L.), B deficiency is prone to emerge. Their results 

showed that B application in nutrient solution significantly increased dry matter yield, 

number of reproductive structures and B content in the tissues of cotton cultivars. 

Howard et al. (1998) concluded that three-year average lint yields were increased with 

the foliar treatments by 5 to 16 % compared with the check. Foliar utilization of the B + 

K solution buffered to pH 4 increased total lint yields 15.90 % while foliar B solutions 

buffered to pH 4 increased yields 10.30 %. In U.S.A., studies across the cotton growing 
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areas of the country have shown nitrogen and B to be indispensable nutrients for 

beneficial cotton production (Abaye et al., 1998). Oosterhuis et al. (1994) also conducted 

a series of experiments on B application through soil and foliar fertilization together with 

KNO3 in cotton and their findings are fully in agreement with the findings of present 

study but the only dissimilarity is the deviation in the physico-chemical properties of soil 

since they conducted these experiments on US soils and Pakistani soils are quite different 

from American soils in terms of high pH, calcareousness and very low OM content. 

Sillanpaa (1982) reported that B toxicity and deficit was intensely initiated in Pakistan 

and this B deficiency or toxicity was particularly occurred at irrigated places. According 

to their study, low B soils comprised of calcareous material (Rendzinas), thoroughly 

weathered soils (Podzols, Ferralsols, Acrisols), coarse textured soils (Arenosols), volcanic 

ash soils (Andosols) and shallow soils (Lithosols) (Rodriguez and Tomic, 1984). 

Categorically, coarse textured soils and sturdily weathered soil sequester or seize the 

inconsequential quantity of plant available B fraction (Rodriguez and Tomic 1984). Nable 

et al. (1997) performed research on toxic effects of B on different crops and his 

investigations revealed that B affluent soils are more significant because these soils 

produce B toxicity in the field. This B toxicity eventually resulted into crop yield decline. 

Similarly, present study showed few toxic effects of higher B levels on SCY, boll weight, 

boll number and DMY, so these results are fully in conformity with the findings of Nable et 

al.  (1997). 

4.4.5 Lint Yield (kg ha-1) and percentages of lint in seed cotton yield 

 Seed cotton yield is the product of cotton seed plus lint, so lint yield is directly 

proportional to seed cotton yield provided that lint percentage remains constant but the 

data regarding lint % exhibited that it was significantly affected with B application and 

the response to B was different at different sites. Present results indicated that this 

response of cotton lint yield to applied B progressively improved from check plots to B 

treated plots at all the three sites but the degree of significance varied among treatments  
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Figure 4.4.5 Effect of B fertilization on lint yield of cotton during 2006. 

Figure 4.4.6 Effect of B fertilization on lint yield of cotton during 2007. 

and sites. The results in depicted in graph (Figure 4.4.5) shows that during first year 

(2006) at S1, lint yield was lowest as compared to other both sites (S2 and S3) but the 

percentage of lint was similar at all the sites. The lint yield varied from 664 to 824 kg ha-1 

at S1, 895 to 1031 kg ha-1 at S2 and 931 to 1152 kg ha-1 at S3 with the respective mean 

yields of 723, 954 and 1026 kg ha-1 (Table 4.4.7). The data also highlighted that the 

greatest mean lint yield (1027 kg ha-1) was obtained from S3 and the lowest yield (732 kg 
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ha-1) was achieved at S1. This yield difference might be due to the variations in agro-

ecological conditions along with changes in soil physico-chemical properties. However, 

during next year (2007), the maximum lint yield was attained from S3 (1068 kg ha-1) 

followed by S1 (1061 kg ha-1) and then S2 (1019 kg ha-1). Lint percentage data exhibited 

that during 2006, lint percentages at S1, S2 and S3 varied from 34.11 to 35.08 %, 34.28 to 

35.02 % and 34.88 to 35.23 %, respectively (Table 4.4.6). Whereas during the second 

year (2007), lint percentages at S1, S2 and S3 ranged from 34.00 to 35.01 %, 34.29 to 

35.09 % and 34.17 to 35.00 %, respectively. During first year (2006), better results were 

achieved in terms of seed cotton and lint yield production from all the selected sites in the 

order of S3 > S2 > S1, but for the next year this yield trend changed and found in the order 

of S3 > S1 > S2, respectively. These results are fully in-agreement with the conclusions of 

other researchers and their findings showed that cotton responds positively to B and yield 

was significantly improved with B application at 0.5 lbs acre-1, however lint yields 

declined at higher B applications (i.e. 2 lb) (Abaye, 1998; Dordas, 2006a and 2006 b; 

Rashid, 1995; Rashid, 1996 b). Although a remarkable observation was noted that this 

declining approach was less worsen when applied in presence of elevated N fertilizers.  

Table 4.4.6 Effect of B application on lint percent (%) at three different sites during 
both years. 

B doses  
(kg ha-1) 

S1 S2 S3 S1 S2 S3 
2006 2007 

0.00 34.11 34.28 34.88 34.59 34.66 34.18 
0.25 34.24 34.45 34.55 35.08 34.78 34.48 
0.50 34.32 34.66 34.87 34.69 34.87 34.59 
0.75 34.56 34.78 34.89 34.67 34.19 35.08 
1.00 34.59 34.87 34.98 34.29 34.59 34.69 
1.25 35.08 34.91 34.68 34.44 35.08 34.67 
1.50 34.69 34.97 34.87 34.66 34.69 34.29 
1.75 34.67 35.02 35.21 34.78 34.67 34.44 
2.00 34.29 34.95 35.23 34.87 34.29 34.61 
3.00 34.44 34.25 34.95 34.00 34.44 34.17 

Table 4.4.7 Summary Statistics of the lint yield in both years. 
Sumary Statistics 2006 2007 

S1 S2 S3 S1 S2 S3 
Mean 723.34 954.11 1026.99 1061.32 1018.55 1067.68 
Standard Deviation 49.58 43.10 66.36 36.97 51.50 47.28 
Minimum 663.74 894.50 930.51 1004.88 916.50 987.86 
Maximum 823.56 1031.22 1152.93 1102.77 1082.03 1145.86 
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Many other scientists (Anderson and Boswell, 1972; Abaye, 1998) also agreed with these 

results as they discovered that B application significantly affect lint quality, earliness of 

harvest accompanied by higher cotton yield. They also reported that somewhat higher soil 

B levels encourage earliness of harvest and showed good progress in seed cotton together 

with lint quality (Anderson and Boswell, 1972). Howard et al., (1998) concluded that 

three-year average lint yields were increased with the foliar treatments by 5 to 16 % 

compared with the check. Foliar utilization of the B + K solution buffered to pH 4 

increased total lint yields 15.90 % while foliar B solutions buffered to pH 4 increased 

yields 10.30 %. These results are compatible with the research findings of Woodruff 

(2006). He recognized that at initial flowering stages, foliar B sprays enhanced cotton 

yields especially when leaf B concentrations were < 40 mg kg-1. His results also indicated 

that mean lint yield increased up to 21 kg ha-1 by foliar B applications. Additionally he 

detected decline in seed cotton yield when leaf B concentrations go beyond 125 mg kg-1. 

4.4.6 Plant analysis  

4.4.6.1 Leaf boron concentration (mg kg-1) 

The results of first year (2006) revealed that B concentration of cotton plant 

leaves significantly increased from 12 to 57 mg kg-1 at S1, 15 to 61 mg kg-1 at S2 and 17 

to 68 mg kg-1 at S3 (Table 4.4.8). Plant analysis data exhibited that mean values of leaf B 

concentrations were 38.20 ± 15.29, 36.44 ± 14.47 and 39.47 ± 18.58 mg kg-1 at S1, S2 and 

S3, respectively. The highest boron concentrations at S1, S2 and S3 during 2006 were 57, 

61 and 68 mg kg-1, respectively. However, during 2007, B concentrations in cotton leaves 

were more increased as compared to first year (i.e. 2006). The maximum B 

concentrations at S1, S2 and S3 during 2007 were 68, 72 and 86 mg kg-1, respectively. 

While the lowest B concentrations at S1, S2 and S3 were 14.70, 13.51 and 19.40 mg kg-1, 

respectively. The statistical analysis showed that there was a highly significant linear 

relationship (at P < 0.05) between soil B application and plant B content at S1 (R2= 

0.87** ), S2 (R
2= 0.97** ) and S3 (R

2= 0.94** ), respectively during 2006. A close glimpse on 

the linear graph and regression equations showed that with each unit change in B 

application (in form of B-fertilizer), the rate of change in the form of B concentration in 

leaves at S1 and S2 were 15.76 and 15.79 mg kg-1, respectively (Figure 4.4.7). However, 
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slightly higher rate of change of leaf B concentration was found at S3 (19.90 mg kg-1) 

compared to S1 and S2. Moreover, the data also showed that the highest B concentration 

was obtained from 3 kg ha-1 B level that ultimately resulted into highest B uptake by 

cotton plants. 

Table 4.4.8 Summary Statistics showing consequences of B application on leaf B 
concentration in cotton plants during 2006 and 2007. 

Summary Statistics 2006 2007 
S1 S2 S3 S1 S2 S3 

Mean 38.20 36.44 39.47 41.15 37.60 48.61 
Standard Deviation 15.29 14.47 18.58 18.37 20.90 24.57 
Minimum 12.00 14.90 16.50 14.70 13.51 19.40 
Maximum 57.20 61.08 67.80 68.40 72.30 85.60 
Median 42.31 36.41 39.03 40.96 31.86 41.75 
Standard Error 4.84 4.58 5.88 5.81 6.61 7.77 

Similarly, during next year (2007) mean leaf B concentrations were 41.15 ± 18.37, 37.60 

± 20.90 and 48.61 ± 24.57 mg kg-1 at S1, S2 and S3, respectively. These results indicated 

that there was a slight increase in the leaf B concentration at all these sites. Likewise the 

results of 2006, there was a significant (at P<0.05) linear relationship between B 

application on cotton and plant B content at S1 (R
2= 0.95** ), S2 (R

2= 0.93** ) and S3 (R
2= 

0.92** ), respectively in 2007. Linear graph and regression equations also demonstrated 

that with each unit change in B application (in form of B-fertilizer) the rate of change in 

the form of B concentration in leaves in S1 and S2 were 19.76 and 22.29 mg kg-1, 

respectively. Whereas in case of S3, somewhat higher rate of change of leaf B 

concentration was found (26.10 mg kg-1) with each unit increase in B application than S1 

and S2 (Figure 4.4.8). Additionally, highest B concentration was obtained from 2 and 3 kg 

ha-1 B application levels which finally resulted into highest B uptake by cotton plants. 

These results are also supported by other researchers in which they reported that B 

deficiency was noted in cotton and its application increased the leaf B content (Cassman, 

1993; Stewart, 1986; Shorrocks, 1989). Similarly, the findings of Niaz et al., (2002) 

showed that B deficiency was prominent in cotton growing soils of Pakistan. They 

studied fine and coarse textured soils and cotton plants from 13 dissimilar sites from the 

Punjab Province and concluded that coarse textured sandy loam and loamy sand soils 

were more B deficient than fine textured clay loam soils.  
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Figure 4.4.7 Leaf B concentration in cotton plants as affected by B application during 
2006. 

Figure 4.4.8 Leaf B concentration in cotton plants as affected by B application during 

2007. 

They also reported that B concentrations in cotton leaves varied from 7.90 to 23.80 mg 

kg-1 with mean value of 11.40 mg kg-1. Rosolem et al. (1980) reported that in limed 

cotton crops (Gossypium hirsutum), B deficiency is prone to emerge. Some researchers 

reported that B toxicity occurred in plant due to high soil B levels along with additions of 

B via the irrigation water (Nable et al., 1997; Ferreyra et al., 1997; Ponnamperuma et al., 

1981). Boron availability from the soil depletes with time as it is used up by the crop or 
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leached down from surface soil. Boron is essential in the actively growing regions of 

plants, such as root tips, new leaf and bud development. According to Raven, 1980 boron 

as a nutrient for plants is especially required in meristematic cells more than in mature 

tissues. A highly meristematic B requirement occurs because of the low phloem mobility 

from shoots to the other parts of the plants, leading to higher accumulation of B in leaves 

(Shelp et al., 1987; Raven, 1980; Shelp, 1987). Many researchers reported that B 

deficient plants loose their integrity because B plays a key role in the structure and 

function of membranes (Marschner, 1995; Parr and Loughman, 1983) and those B 

deficient plants showed extremely permeable or leaky structures (Cakmak and Romheld, 

1997). B deficiency also significantly affected several metabolic processes particularly 

the phenolic metabolism (Cakmak, 1994; Juan et al., 2002) and in B deficiency, higher 

amount of phenolic compounds is accumulated and this elevated amount is very unsafe 

for many plants. These results are also in conformity with the research findings of 

Woodruff (2006). He reported that at initial flowering stages, foliar B sprays enhanced 

cotton yields especially when leaf B concentrations were < 40 mg kg-1. The results 

indicated that mean lint yield boost of 21 lbs per acre was achieved through foliar B 

applications before flower initiation at rate of 0.50 lbs B A-1. There was no confirmation of 

requirement of B as foliar sprays more than levels of 0.50 lbs B A-1. Additionally he 

detected decline in seed cotton yield when leaf B concentrations go beyond 125 mg kg-1. 

Similary Ross et al., (2006) revealed that leaf B concentration in soybean increased with 

increasing B application and their findings are strongly in accordance with the present 

results. 

4.4.6.2 Total boron uptake (g ha-1) by cotton plants 

The values of total boron uptake (g ha-1) by cotton plants are completely associated with B 

concentrations in cotton leaves as well as yield components. This study showed that B 

fertilization resulted into significant increase in SCY, lint yield, DMY, number of bolls 

per plant, boll size and B content of cotton plants. B concentrations at higher B 

application levels significantly lowered the yield and growth due to toxic effects of B. 

Thus, B uptake also significantly improved with B application at all the sites and in both 

the years. The results depicted in linear graph (Figure 4.4.9) shows that during 2006, the 

greatest total B uptake at S1, S2 and S3 were 85, 116 and 126 g ha-1, respectively with B 
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application levels of 3, 3 and 2 kg ha-1, respectively. The maximum B uptakes among 

sites were noted at S3 followed by S2 and S1. The results showed that at S1, total B uptake 

in control treatment was only 18 g ha-1 and it significantly improved with each B 

application and reached up to 85 g ha-1 at B level of 3 kg ha-1. In the case of S2, the 

lowest B uptake was obtained from control treatment and the highest B uptake was 

observed at 3 kg B ha-1. However, at S3 total B uptake at control treatment was 36 g ha-1, 

and it significantly increased with B application and the highest B uptake by cotton plants 

were noticed at 2 kg B ha-1. The linear relationship and regression analysis showed that 

the total B uptake at S1 (R2= 0.98) and S2 (R2= 0.99) had highest significant linear 

relationship with B application levels. In contrast, B application significantly improved 

the total B uptake at S3, up to the level of 2 kg B ha-1, but after that level, total B uptake 

decreased at B level of 3 kg ha-1. The linear relationship and R2 value (0.83) was not as 

much as in case of S1 and S2. The reason of this low B uptake at higher B application 

level might be due to the toxicity of B at S3, which significantly decreased the yield and 

ultimately, the uptake of B. These results are completely in accordance with the findings 

of other researchers in which they revealed that total B uptake by cotton was 120 g ha-1, 

when seed cotton yield was 2.50 t ha-1 (Khan and Nortcliffe, 1982; Borax, 2002). 

Likewise these results, present study showed that total B uptake at all three sites were 

ranged from 85 to 126 g ha-1. In the same way the findings of Shorrocks (1997, 1992) are 

in accordance with the present results in which he revealed that the majority of crops 

removed ≤ 100 g B ha-1. He further concluded that many crops like sugar beets, lucerne, 

cotton and fruits usually had more B uptake and at some instances reached up to ≥ 300 g 

B ha-1 (Chiu and Chang, 1985). In a similar kind of study, Constable et al., (1988) 

revealed that total B uptake by cotton crop from high pH cracking clayey soils were 200 

g ha-1. They further investigated that Zn and B uptake continued all through the growing 

span. They also analyzed wooly seed and lint (cottonseed) and concluded that 21 g B and 

13 g Zn per bale of lint (225 kg) were removed at crop maturity or harvest. Rochester 

(2006), conducted an excellent study on uptake and export of different plant elements in 

Australian cotton. His findings are absolutely well-matched to our results in which he 

reported that lint yields of seven cotton crops varied from 975-2725 kg ha-1. He estimated 

uptake of boron and other nutrients at initial to delayed boll formation stages. According  
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Figure 4.4.9 Total B uptake by cotton crop (g ha-1) during 2006. 

Figure 4.4.10 Total B uptake by cotton crop (g ha-1) during 2007. 

to his findings cotton crops accumulated an average of 340 g B ha-1. Additionally, the 

cottonseeds (within harvested seed cotton) also removed extra 41 g B ha-1. The cotton 

crops that had yield outputs of approximately 1800 kg ha-1, removed only 12 % of B 

(either through the seed or through the consumption and uptake) (Rochester, 2006). 

Further, our results are also in conformity with the research findings of Woodruff (2006) 

in which he reported that at initial flowering stages, B application enhanced cotton yields 

especially when leaf B concentrations were < 40 mg kg-1. Their results indicated that mean 

18
31

38
43

50
57

69 70 77
85

29
37

44

57
71 75

80
96

104

124

36
47

55

75

109
117 123 125 126

116

y (S1) = 7.07x + 14.86
R2 = 0.99

y (S2)= 10.04x + 16.44
R2 = 0.98

y (S3)= 10.77x + 33.80
R2 = 0.83

0

20

40

60

80

100

120

140

160

0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 3.00

B
 u
pt
ak
e 
(g
 h
a-

1)

B doses (mg kg -1)

S1 (Jhang Series)
S2 (Sultanpur Sereis)
S3 (Sindhelianwali Series)

26

58

75

91

100

108
117 121 121

128

33

52 70

78
104

121 123
128 126

130

33

57
63

84

98

112
118 122 120 121

y (S1)= 10.109x + 38.895
R2 = 0.88

y(S2) = 11.13x + 35.27
R2 = 0.89

y (S3) = 10.02x + 37.69
R2 = 0.88

0

20

40

60

80

100

120

140

160

0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 3.00

B
 u
p
ta
ke
 (g
 h
a-1
)

B doses (mg kg -1)

S1 (Jhang Series)



160 
 

lint yield boost of 21 kg ha-1 was achieved through B applications before flower initiation 

at rate of 0.50 kg B ha-1. Additionally he detected decline in seed cotton yield when leaf B 

concentrations go beyond 125 mg kg-1 (Woodruff, 2006). The findings of Raven, (1980) 

also supported these results in which they concluded that B is especially required for 

plants in their meristematic-cells was greater than in mature tissues. Whereas, Loomis 

and Durst, (1992) elucidated that high B levels resulted into an inhibition of ureide 

metabolism in the leaves of nodulated soybean (Glycine max), which in the end badly 

affected the other metabolic progressions. Lukaszewski et al., (1992) concluded that 

complexing of ribonucleotides occurred in toxic B concentrations and produced many 

disturbances in metabolic processes. Some reports also showed that highly meristematic B 

requirement occurred because of the low phloem mobility from shoots to the other parts 

of the plants, leading to higher accumulation of B in leaves (Raven, 1980). Many 

researchers reported that B deficient plants loose their integrity because B plays a key 

role in the structure and function of membranes (Marschner, 1995; Parr and Loughman, 

1983) and those B deficient plants showed extremely permeable or leaky structures 

(Cakmak and Romheld, 1997). B deficiency also significantly affected several metabolic 

processes particularly the phenolic metabolism (Cakmak, 1994; Juan et al., 2002) and in 

B deficiency, higher amount of phenolic compounds is accumulated and this elevated 

amount is very unsafe for many plants. 

CONCLUSIONS 

The numbers of bolls per plant, average boll weight, lint yield and seed cotton yields 

significantly increased with B application at all the sites. The seed cotton yield increased 

over control by 19.4, 13.2 and 19.7 % during first year with 1.25, 1.75 and 1 kg B ha-1, 

while during 2007 the increase was 17.8, 15.6 and 12.4 % at B applications of 1.25, 1.75 

and 1.00 kg ha-1 at loam, sandy clay loam and silt loam soils, respectively. Plant B 

content significantly increased with increasing B application during both the years and at 

all the sites. There was a significant linear relationship (at P < 0.05) between soil B 

application and plant B content during 2006 and 2007 at loam (R2= 0.87**  and 0.95** ), 

sandy clay loam (R2= 0.97**  and 0.93** ) and silt loam soils (R2= 0.94** and 0.92** ), 

respectively. Total B uptake significantly improved with B application at all the sites and 

in both the years. 
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STUDY 5 

4.5 Foliar B application on cotton sown under alkaline calcareous   soils 

Boron is necessary for all stages of cotton growth, especially from first bloom 

until boll development. Apprehensions in foliar fertilization in cotton and wheat have 

commenced in modern era in Pakistan especially in southern Punjab (Pakistan), which is 

one of the leading cotton-wheat producing districts of Pakistan, B nutrition of wheat and 

cotton has not been estimated so far. Moreover, there is no commendation until now for 

B fertilization for both cash crops on account of results acquired from some 

investigations. Nevertheless, field trials were started to assess B in both foliar and soil 

applications on fruits, but presently there is no information exhibiting the consequences 

of B application on wheat and cotton. At the same time as soils in the cotton belt of 

Punjab are generally low in B, it is possible that cotton and wheat crops badly affected 

due to B deficiencies in those areas. Research shows that supplying as little as one kg of 

foliar B per acre can increase seed cotton yields by more than 500 kg ha-1 (Borax, 2002). 

In view of the fact that soil conditions are extremely inconsistent in Pakistan and the 

necessity for this micronutrient is diminutive, so keeping in view the importance of B 

fertilizer, this study was initiated to assess the foliar B role in growth and yield of wheat 

and cotton. Before start of the experiment, soil samples were collected to analyze the soil. 

The basic soil analysis of the sites gives you an idea about the physico-chemical 

properties of the experimental soils (Table 4.5.1).  The soils of both soil series had an 

alkaline pH mostly above 8 and varied from 8.10 to 8.25 and somewhat bigger amounts 

of CaCO3 were also apparent from the data. Fertility status of S1 (Typic Torripsamments; 

Jhang series, loam texture) and S2 (Typic Ustochrepts; Sindhelianwali series; Silt loam 

texture) were very low. The results depicted in Table 2 shows that OM content at S1 and 

S2 was 0.66 and 0.73 %, total N was 0.036 and 0.031%, available P was 8.42 and 7.69 

mg kg-1, extractable K was 119 and 108 mg kg-1 and hot water soluble B was 0.27 and 

0.31 mg kg-1, respectively. The electrical conductivity showed that both soils had no 

salinity or sodicity hazards. The textural class of the site of S1 and S2 were loam and silt 

loam, respectively. The U.S. taxonomical classification or great groups of the site of S1 

and S2 were Typic Torripsamments and Typic Ustochrepts, respectively (Table 4.5.1). 
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Table 4.5.1 Some Physico-chemical properties of the experimental soil. 

Characteristics  S1 S3 

pH 8.10 8.25 

ECe (dS m-1) 0.87 0.55 

O.M (%) 0.66 0.73 

CaCO3 (%) 8.74 9.45 

Available P (mg kg-1) 8.42 7.69 

Available K (mg kg-1) 119 108 

Total N (%) 0.036 0.031 

HWSB (mg kg-1) 0.27 0.31 

Textural class Loam Silt Loam 

U.S. Taxonomical class Typic Torripsamments Typic Ustochrepts 

Soil series Jhang Sindhelianwali 

4.5.1 Effect of B on number of bolls Plant-1: 

Premature shedding of bolls or fruit, flowers and squares abscission, is a real 

dilemma with cotton crop and the prime origin at the back of this problem is B 

deficiency, especially under high pH and calcareous soils having very low OM. 

Therefore, boll numbers per plant is very important growth and yield determining 

parameter amongst researchers and farmers. Universally, it is considered that boll number 

and weight is straightforwardly proportional to the seed cotton yield and lint percentage 

when all other factors remained constant accompanied by plant population. The data 

revealed that foliar B application significantly increased the boll production and retention 

during both the years at both sites. The results depicted in Table 4.5.2 shows that the 

highest number of bolls at S1 (34 boll plant-1) and S2 (32 boll plant-1) were obtained with 

foliar B application levels of 0.75 and 0.50 kg B ha-1, respectively. While the lowest 

number of bolls at S1 (27 boll plant-1) and S2 (26 boll plant-1) were obtained from control 

plots. The data also showed that the number of bolls plant-1 at B application levels of 0.75 

and 1.00 kg B ha-1 at both sites (S1 and S2) were statistically at par with respect to each 

other but significantly higher then other B treatments and control. 
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Table 4.5.2 Effect of foliar B application on boll weight and number of bolls 
produced per plant in 2006. 

Foliar B rates 
(kg ha-1) 

Boll weight (g) Number of bolls plant-1 
S1 S2 S1 S2 

0 3.30 C 3.39 BC 27 C 26 C 
0.25 3.37 BC 3.47 B 30 BC 29 BC 
0.50 3.56 AB  3.66 AB  32 B 32 A 
0.75 3.67 A  3.79 A 34 A  32 A 
1.00 3.54 AB 3.61 AB 33 AB 30 AB 
% Increase over check 11.21 11.80 25.93 23.1 

The statistics obviously pointed out that boll numbers enhanced with foliar B application 

by almost 26 and 23 % over control at S1 and S2, respectively. In next year (2007), 

similar kinds of results were obtained and the highest boll weight at S1 (34 boll plant-1) 

and S2 (35 boll plant-1) were noticed at 1.00 and 0.75 kg B ha-1, respectively and the 

lowest number of bolls per plant at S1 (28 boll plant-1) and S2 (29 boll plant-1) were 

obtained from control (Table 4.5.3). Similarly, number of boll plant-1 were significantly 

increased with B application of 0.75 kg B ha-1 while lower number of boll plant-1 were 

obtained from control. The number of bolls produced by B treatments of 0.50, 0.75 and 

1.00 kg B ha-1 were statistically at par with each other but significantly higher then 

control and other B treatments. The information showed in Table 4.5.4 noticeably pointed 

out that number of bolls per plant increased with foliar B application by approximately 18 

and 21 % over control at S1 and S2, respectively. Further, physical observations showed 

that more squares and boll shedding were observed in control plots as compared to B 

sprayed plots. These results are fully endorsed by other researchers in which they 

concluded that average lint yields were increased with the foliar treatment by 5 to 16 % 

compared with the check (Howard et al., 1998). Foliar exercise of the B + K solution 

buffered to pH 4 increased total lint yields 15.90 % while foliar B solutions buffered to 

pH 4 increased yields by only 10.30 %. In US, studies across the cotton (Gossypium 

hirsutum) growing areas of the country have shown nitrogen and B to be crucial nutrients 

for useful cotton production (Abaye et al., 1998). These results are also in accordance 

with the findings of other researchers in which they revealed that short photosynthetic 

rate and plant growth (especially fruits and roots) resulted in amplified fruit abscission 

and changes in dry matter partitioning among plant tissues (Zhao and  Oosterhuis, 2003). 

These results are also supported by Dordas (2006b), in which he recently concluded that 
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foliar B application enhanced the boll mass by an average of 29 %, boll number per plant 

and the boll number per square meter by 29 % over control. There is 17 % and 25 % 

improvement in seed germination and vigor by foliar B application over control 

treatment. These results were in accordance with the findings of many researchers 

(Stewart, 1986; Heathecote and Smithson, 1974; Rashid, 1996 a; Shorrocks, 1995; 

Sillanpae, 1982). These results are also in accordance with the findings of Dordas 

(2006b) in which he accomplished that foliar B application enhanced yield by about 40 % 

over control. Furthermore, he also reported that B application improved the boll mass by 

an average of 29 %, boll number per plant and the boll number per square meter by 29 % 

over control. 

Table 4.5.3 Effect of foliar B application on boll weight and number of bolls 
produced per plant in 2007. 

Foliar B rates 
(kg ha-1) 

Boll weight (g) Number of bolls plant-1 

S1 S2 S1 S2 
0 3.31 C 3.28 BC 28 C 29 BC 
0.25 3.40 BC  3.29 BC  30 ABC 31 B 
0.50 3.61 AB  3.52 AB 31 AB  33 AB 
0.75 3.66 A 3.61 A 33 A 35 A 
1.00 3.49 B 3.45 B 34 A 35 A 
% Increase over check 10.57 10.10 17.86 20.69 

4.5.3 Effect of boron application on boll weight 

 Generally, it is believed that boll weight is directly proportional to the seed cotton 

yield and lint percentage when all other factors remained constant accompanied by plant 

population. The results exhibited that boll weight increased significantly by foliar B 

application and more weight of bolls were found from B treated plots at both soil series 

and in both years (Table 4.5.3). The data clearly indicated that in first year (2006) 

average boll weight increased by 11.21 and 11.80 % with foliar B application at S1 and S2 

sites, respectively. The results revealed that significantly higher boll weight was obtained 

at S1 (3.67 g boll-1) with B application of 0.75 kg ha-1. The comparison between S1 and 

S2 sites showed that the highest boll weight was obtained from S2 (3.79 g boll-1) at B 

application level of 0.75 kg ha-1 and this boll weight was statistically at par with B levels 

of 0.50 and 1.00 kg B ha-1.  The boll weights at control treatments at S1 (3.30 g boll-1) and 

S2 (3.39 g boll-1) were the lowest and the boll weights at B levels of 0.25 kg ha-1 at S1 

(3.37 g boll-1) and S2 (3.47 g boll-1) were remained at par. While during next year (2007), 
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the highest boll weight was obtained from B levels of 1.00 kg B ha-1 at S1 (3.66 g boll-1) 

and S2 (3.61 g boll-1). The lowest boll weights at S1 and S2 were 3.31 and 3.28 g boll-1 at 

check plot or where no B was applied. The data also indicated that highest foliar B 

application levels (i.e. 1.00 kg ha-1) produced some toxicity at S1 and S2 as boll weight 

decreased from 3.66 to 3.49 g boll-1 (S1) and 3.61 to 3.45 g boll-1 (S2). Further, this 

treatment was statistically at par with control (Table 4.4.4).  The data also indicated that 

during second year (2007), percent increase in boll weight over control were slightly 

decreased in case of S1 (from 11.21 to 10.57 %) and at S2 (from 11.80 to 10.10 %) (Table 

4.5.3 and 4.5.4). These results are in accordance with the findings of other scientists 

(Zhao and Oosterhuis, 2003; Woodruff, 2006; Howard et al., 1998; Howard and 

Gwathmey, 1998; Howard, 1993; Anderson and Boswell, 1972; Oosterhuis et al., 2000; 

Oosterhuis et al., 2001). Their findings exhibited that B deficiency greatly minimize leaf 

net photosynthetic rate, plant height, leaf area, fruiting sites, and dry matter accumulation 

during square and fruit formation. Short photosynthetic rate and plant growth (especially 

fruits and roots) resulted in amplified fruit abscission and changes in dry matter 

partitioning among plant tissues (Zhao and Oosterhuis, 2003; Oosterhuis et al., 2000). 

Few researchers conducted research regarding characterization of B use by cotton and 

they reported that B had significant role in cotton production (Oosterhuis et al., 2001; 

Rashid et al., 1997). Their results also elucidated that B deficiency restrain the cotton 

plant growth and yield. Their findings demonstrated good information for improving the 

detection of boron deficiency in crop production B deficiency (Zhao and Oosterhuis, 

2003). These results are also supported by Dordas (2006b), in which he recently 

concluded that foliar B application enhanced the boll mass by an average of 29 %, boll 

number per plant and the boll number per square meter by 29 % over control. There is 17 

% and 25 % improvement in seed germination and vigor by foliar B application over 

control treatment. These results are also in accordance with the findings of many 

researchers (Stewart, 1986; Heathecote and Smithson, 1974; Smithson, 1972; Rashid, 

1996a; Shorrocks, 1991; 1992; Sillanpae, 1982). Some studies revealed that B deficit in 

cotton caused deformed, misshapened, small-sized, immature bolls; poor or scanty fruit 

retention and reduced lint yields (Borax, 2002). Similarly, these results are in conformity 

with the findings of other researchers in which they established that accelerated 
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maturation and increased seed cotton yield by improving the boll formation, boll 

retention and growth of cotton with the application of boron (Heitholt, 1994; 1992; 

Murphy, 1993). Relatively small amounts of B are required to support the processes of 

growth and development of cotton fibers in the boll (Rashid, 1995; 1996b). In recent 

studies on B fertilization in USA, many scientists reported that B deficiency could be a 

problem on soils containing insufficient B, or when B availability to the plant is reduced 

as B form changes with higher soil pH (Extension Plant and Soil Science, 2000; Eguchi 

and Yamada, 1997). They also concluded that soil-applied B increased cotton yields even 

when B deficiency was not evident in the plants when soil pH is low, so there findings 

are also supported these results. Moreover, the flowering and boll formation increased 

with B fertilization (Eguchi and Yamada, 1997). Foliar or soil applied B significantly 

improved or corrected low B concentrations in cotton (Heitholt, 1994). Because small 

amounts of B are required, foliar application of B may be more efficient than soil 

application, especially when deficiency conditions are suspected (Howard, 1993; Howard 

et al., 1998). Among the micronutrients, deficiency of B is the most frequently 

encountered in the field (Borax, 1998; Shelby, 1996). 

4.5.4 Seed cotton yield (t ha-1) 

 The results in Figure 4.5.1 depicted that seed cotton yield (SCY) significantly 

increased (p < 0.05) at both soil series with foliar B application. The uppermost seed 

cotton yield (2.94 t ha-1) was obtained from foliarly B treated plots with 0.50 kg B ha-1 

while the lowest seed cotton yield (2.16 t ha-1) was acquired from check plots at S1 

(loamy soil) during 2006. Moreover, the upper B levels (1 kg ha-1) as foliar sprays 

decreased the seed cotton yield significantly at S2 but at S1, the yield was statistically at 

par with B treatments of 0.50, 0.75 and 1.00 kg B ha-1 (T3, T4 and T5). It was obvious 

from the results that the optimum B level at both soil series was 0.50 kg ha-1. At site S2 

(Silt loam soil), the maximum SCY (3.22 t ha-1) was harvested with 0.50 kg B ha-1 

whereas the minimum yield (2.54 t ha-1) was achieved from check plots during first year 

(2006) (Figure 4.5.2).  Likewise, all B treated plots showed a significant evident of foliar 

B application on the SCY when compare with the check plots but the degree of response 

varied amongst different treatments and sites. The data showed that at S1, yield obtained  
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Figure 4.5.1 Effect of foliar B application on seed cotton yield (t ha-1) at sites of S1 
and S2. 

Figure 4.5.2 Effect of foliar B application on seed cotton yield (t ha-1) at at sites of S1 
and S2. 
from 0.25 kg ah-1 was significantly higher than control but lower than 0.50 (T3) and 

statistically at par with foliar B levels of 0.75 (T4) and 1.00 kg ha-1 (T5). Almost similar 

trend was observed at other site (S2) except at B treatment of 1.00 kg ha-1 (T5), where 

yield was significantly lower than the other B levels of 0.50 and 0.75 kg ha-1. Foliar B 

application increased the SCY by 25.60 % at S1 (Typic Torripsamments; Jhang series, 

loam texture) and 23.80 % at S2 (Typic Ustochrepts; Sindhelianwali series; Silt loam 
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texture) over control. This increase in SCY might be due to the optimum boron 

application levels as foliar sprays because hot water soluble B levels at both sites were 

well below the critical level of 0.50 mg B kh-1 (Shorrocks, 1997). In the next year (2007), 

seed cotton yield significantly affected by foliar B application at both sites but the degree 

of increase varied with B treatments. The data indicated that the greatest yield at S1 (3.63 

t ha-1) and S2 (3.00 t ha-1) was obtained with B sprays of 0.50 kg B ha-1. Whilst the 

minimum SCY was obtained from control plots (2.47 t ha-1) in case of S2, however at S1 

the higher B level caused some toxicity to cotton plants and resulted into the lowest SCY 

(3.20 t ha-1) with B application of 1.00 kg ha-1. The results also clearly exhibited SCY 

increase over control by 8 % and 21.50 % at S1 and S2, respectively. The results in Figure 

4.5.2 depicted that yield at B treatments of 0.25, 0.75 and 1.00 kg B ha-1 were statistically 

at par with control but significantly lower than 0.50 kg B ha-1 treatment at S1. However, 

in the case of S2, the higher B applications (0.75 and 1.00 kg ha-1) resulted in to 

comparably identical yields with control that is statistically non-significant with respect 

to each other (Figure 4.5.2). This variation in the SCY at both the sites might be due to 

the agro-ecological and environmental changes of the area; secondly, the physico-

chemical properties are different at both sites. Soil pH and calcareousness (CaCO3) of the 

area was very high but organic matter was very low, and all these three factors are major 

contributors for nutrient availability for cotton crop especially B. Nevertheless, in spite of 

all these factors, the results based on experimental research confirmed excellently that 

foliar B application at 0.50 kg B ha-1significantly increase the cotton yield. Moreover, 

second study also revealed that a significant amount of B was present in the irrigation 

water whether it was canal or tubewell waters. B content in water varied with seasons and 

sources. These results are in accordance with the findings of Dordas (2006b) in which he 

concluded that foliar B application on cotton enhanced cotton yield by an average of 40 

% over control. In addition, B application amplified the boll mass by an average of 29 %, 

boll number per plant and the boll number per square meter by 29 % over control. The 

research observations of Oosterhuis (1993) also supported our results because they 

reported that B application on cotton as foliar fertilizer in combination with K 

(potassium) resulted into improved crop produce (Oosterhuis et al., 2000). Oosterhuis et 

al., (1994) also conducted a series of experiments on B application through soil and foliar 
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fertilization together with KNO3 in cotton and their findings are in agreement with these 

results but the only distinction is the deviation in the soil physico-chemical properties of 

soil since they conducted these experiments on U.S.-soils and Pakistani soils are 

relatively different from U.S.-soils in terms of high pH, calcareousness and very low OM 

content. Similar kind of research was also reported by Donald (1964), in which he 

revealed various   nutrient deficiencies in cotton. On the contrary, Venter and Currier 

(1977) discovered the effect of B deficiency on callose formation in cotton and bean 

crops. The findings of Luchese et al., (1994) also supported these results when they 

investigated response of cotton to B application in soils from the state of Parana. Mcilrath 

and Palser (1956) assessed that B deficiency in cotton caused   reduction in size and 

number of leaves along with leaf deformity that ultimately resulted into decline in whole 

plant dry weight. These results are also endorsed by the findings of Heithholt, (1994) in 

which he depicted that soil and foliar applied B can correct low B concentration in cotton 

whereas foliarly applied B also speed up the process of translocation of N-compounds 

and enhanced protein synthesis which in return promote fruiting. Some scientists 

(Howard et al., 1998) prefer foliar B application over soil supplements because they 

reported that only a very little B amount is required, foliar use of B may be more efficient 

than soil application, specially when deficient situations are assumed. Multiple foliar 

sprays of B will ensure an adequate supply of B during flowering and boll formation / 

development. Soil applied B improved lint yield by only 9 %, whereas four foliar B 

applications (each at rate of 0.11kg B ha-1) resulted in lint yields identical to results of 

soil application of B at 0.56 kg B ha-1, and doubling-up the B concentration as foliar 

sprays had no effect on yields, except the B concentration was significantly increased in 

leaf petiole (Howard et al., 1998). The research findings of Gormus (2005) also backing 

up the outcomes of present study as he revealed that foliar applied B appreciably 

improved boll weight, boll number, leaf blade B concentration, lint yield and seed cotton 

yield. B level of 1.12 kg ha-1 B plus   160 g ha-1 N gave maximum number of bolls. B 

application increased boll weight from 5.93 to 6.92 g boll-1 and boll preservation from 

15.90 to 18.50 bolls per plant. As a result, B application gave 15.50 % more crop yield 

than control. The B treated plants (foliarly) provide evidence of B response in cotton as 

leaf blade concentration increased from 43.10 mg kg-1 (control) to 67.60 mg kg-1. 
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4.5.5 Leaf B concentration (mg kg-1) 

The results in Figure 4.5.3 showed that B concentrations in cotton plants 

significantly (P <0.05) increased with foliar B sprays during both years and at both sites. 

This higher B concentration in leaves was clear indication of B impact on vegetative 

growth and B absorption through leaves. The highest B concentrations were found at 1.00 

kg B ha-1 levels and minimum B concentrations were observed in control at both soil 

series and in both years. B concentrations at Jhang and Sindhelianwali soil series were 

increased from 25.30 and 23.65 mg kg-1 (control) to 65.70 and 61.20 mg kg-1 (1.00 kg B 

ha-1), respectively in 2006. Similarly B concentrations in 2007, at Jhang and 

Sindhelianwali soil series, were increased from 24.63 and 25 mg kg-1 (control) to 55.78 

and 53.23 mg kg-1 (1.00 kg B ha-1), respectively. B is also mobile in plant tissues, 

because as we applied it on foliage, it absorbed by cotton leaves through stomatal 

openings and took part in metabolic activity, which is clear from boll retention and yield 

data. Some researchers reported that foliar B application resulted in leaf blade B 

concentration of 154 mg kg-1 without detrimental effects on cotton (Murphy, 1993; 

Heitholt, 1994; Howard et al., 1998; Howard and Gwathmey, 1998; Howard, 1993). 

Figure 4.5.3 Boron concentrations (mg kg-1) in leaf samples of cotton plants at at S1 
and S2 during 2006 and 2007. 
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4.5.6 Total B uptake (g ha-1) by cotton plants 

The results in Figure 4.5.4 depicted that total B uptake from S1 and S2 during 

2006 was observed at foliar B application levels of 1.00 kg B ha-1. Maximum B uptake in 

2006 at S1 and S2 were noticed as 196 and 247 g B ha-1 at 1.00 kg B ha-1 and 0.75 kg B 

ha-1 levels, respectively. Conversely, during 2007 B uptake at S1 (259 g B ha-1) and S2 

(284 g B ha-1) were at levels of 0.75 kg B ha-1 and 1 kg B ha-1, respectively. Whereas the 

lowest B uptake was obtained from control in 2006 and 2007 at S1 (85 and 100 g ha-1) 

and at S2 (90 and 138 g ha-1), respectively. The results also showed that higher B levels 

resulted into lower B uptake. This might be due to the B toxicity on cotton foliage, which 

guided to reduced SCY and this low yield ultimately caused low B uptake by cotton crop. 

These results are completely in accordance with the findings of other researchers in 

which they revealed that total B uptake by cotton was 120 g ha-1, when seed cotton yield 

was 2.50 t ha-1 (Khan and Nortcliffe, 1982; Borax, 2002). Likewise these results, present 

study showed that total B uptake at all three sites were ranged from 85 to 126 g ha-1. In 

the same way the findings of Shorrocks (1997, 1992) are in accordance with the present 

results in which he revealed that the majority of crops removed ≤ 100 g B ha-1. He further 

concluded that many crops like sugar beets, lucerne, cotton and fruits usually had more B 

uptake and at some instances reached up to ≥ 300 g B ha-1. In a similar kind of study, 

Constable et al., (1988) revealed that total B uptake by cotton crop from high pH 

cracking clayey soils were 200 g ha-1. They further investigated that Zn and B uptake 

continued all through the growing span. They also analyzed wooly seed and lint 

(cottonseed) and concluded that 21 g B and 13 g Zn per bale of lint (225 kg) were 

removed at crop maturity or harvest. Rochester (2006), conducted an excellent study on 

uptake and export of different cotton plant elements in Australia. His findings are 

absolutely well-matched to our results in which he reported that lint yields of seven 

cotton crops varied from 975-2725 kg ha-1. He estimated uptake of boron and other 

nutrients at initial to delayed boll formation stages. According to his findings cotton crops 

accumulated an average of 340 g B ha-1. Additionally, the cottonseeds (within harvested 

seed cotton) also removed extra 41 g B ha-1. The cotton crops that had yield outputs of 

approximately 1800 kg ha-1, removed only 12 % of B (either through the seed or through 

the consumption and uptake) (Rochester, 2006).  
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Figure 4.5.4 Total B uptake by cotton crop in both years at S1 and S2 sites during 
2006 and 2007. 
Further, our results are also in conformity with the research findings of Woodruff (2006) 

in which he reported that at initial flowering stages, B application enhanced cotton yields 

especially when leaf B concentrations were < 40 mg kg-1. Their results indicated that mean 

lint yield boost of 21 kg ha-1 was achieved through B applications before flower initiation 

at rate of 0.50 kg B ha-1. Additionally he detected decline in seed cotton yield when leaf B 

concentrations go beyond 125 mg kg-1 (Woodruff et al., 1997; Woodruff, 2006). The 

findings of Raven, (1980) and Cohen and Albert (1974) also supported these results in 
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was greater than in mature tissues. Whereas, Loomis and Durst, (1992) elucidated that 

high B levels resulted into an inhibition of ureide metabolism in the leaves of nodulated 
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integrity because B plays a key role in the structure and function of membranes 

(Marschner, 1995; Parr and Loughman, 1983) and those B deficient plants showed 

extremely permeable or leaky structures (Cakmak and Romheld, 1997). B deficiency also 
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significantly affected several metabolic processes particularly the phenolic metabolism 

(Cakmak, 1994, 1995; Juan et al., 2002) and in B deficiency, higher amount of phenolic 

compounds is accumulated and this elevated amount is very unsafe for many plants. 

CONCLUSIONS 

The average boll weight significantly increased over control by 10 to 12 % with 

foliar B application of 0.75 kg ha-1 at loam and silt loam soils whereas the uppermost 

seed cotton yields of 2.94 and 3.22 t ha-1 were obtained with foliar sprays of 0.50 kg B 

ha-1 while the lowest yields of 2.16 and 2.54 t ha-1 were attained from check plots at loam 

and silt loam soils, respectively during 2006. During 2007, more seed cotton yields at 

loam (3.63 t ha-1) and silt loam (3.00 t ha-1) was obtained with the same B level. Cotton 

plants B content significantly (P <0.05) increased with increasing foliar B sprays during 

both years and at both sites. 
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STUDY 6 

4.6 Effect of boron application on growth and yield of wheat in 
calcareous soils 

 The wheat-cotton cropping system contributed the utmost in the agriculture 

system of Punjab. In Pakistan, very nearly 50 % of wheat crop is planted after cotton, 20 

% after rice and 30 % after fallow (crop-free) with an average cropping intensity of 130 

percent (Chaudhry et al., 1999). Basic soil analysis (Table 4.6.1) exhibited that soil pH is 

relatively high and it was 8.10 while the soil was normal in reaction by means of salinity 

or sodicity hazards. Further, the soil analysis also provides you an idea about strong 

calcareousness of the experimental site as it had high content of CaCO3 (5.87 %). The 

results showed that the fertility status of soil was incredibly low and OM content, total N, 

available P and extractable K of experimental site were 0.66 %, 0.025 %, 5.49 mg kg-1 

and 115 mg kg-1, respectively. In the case of B concentration of soil, 0.05 M HCl 

extractable soil B was 0.17 mg kg-1 and this level is exceptionally well below the critical 

B level in soil (i.e. 0.50 mg B kg-1) (Shorrocks, 1997; Chang et al., 1992; Niaz et al., 

2002; Rashid, 2005). 

4.6.1 Effect of B on grain and straw yields of wheat during 2006 

The results depicted in bar graph (Figure 4.6.1) shows that B application 

significantly increased the grain yield during year 2006. The maximum grain yield (4.24 t 

ha-1) was obtained from treatment (T3) 0.50 kg B ha-1 followed by T4 (4.26 mg ha-1) at B 

application level of 0.75 kg ha-1 while the lowest grain yield (3.05 and 3.09 t ha-1) was 

observed from 3 and 2 kg B ha-1 application. The minimum grain yield at higher B levels 

confirmed that there was a significant yield loss when compared with control treatment 

(3.72 t ha-1). This decline in grain yield might be due to the boron toxicity. The results 

also indicated that yield increase was statistically significant when compare with control 

(3.72 t ha-1) and B application doses from 0.25 to 1 kg ha-1 confirmed significant 

responses of wheat crop to B application as grain yield increased at these B levels, but 

afterward incremental B application significantly decreased the grain yield of wheat. The 

grain yields at B levels of 0.25 (4.13 t ha-1), 0.50 (4.24 t ha-1), 0.75 (4.26 t ha-1) and 1 kg 

ha-1 (3.94 t ha-1) were statistically at par with reference to each other but significantly 

greater than all other B levels or control. Both treatments coded as T9 and T10 (2 and 3 kg 
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B ha-1, respectively) were statistically non-significant regarding each other but 

significantly lower than control as well as all other B levels. 

Table 4.6.1 Some Physico-chemical properties of the experimental soil. 

Characteristics Site (Vehari) 
pH 8.10 

ECe (dS m-1) 0.74 

O.M (%) 0.66 

CaCO3 (%) 5.87 

Available P (mg kg-1) 5.49 

Available K (mg kg-1) 115 

Total N (%) 0.025 

0.05M HCl extractable (mg kg-1) 0.17 

Textural class Sandy clay loam 

U.S. Taxonomical class Typic Camborthids 
Soil series Sultanpur 

In case of straw yield, the results depicted in line graph (Figure 4.6.1) clearly exhibits that 

B application significantly increased the straw yield of wheat during 2006. The greatest 

straw yield (8.12 t ha-1) was obtained from the treatment where B was applied at 1.50 kg 

B ha-1 (T7) rate while the lowest straw yield (6.78 t ha-1) was observed in control 

treatment where no B was applied. This significant difference in straw yield started from 

0.75 kg B ha-1 and it remained up to 1.75 kg B ha-1 and then reduction in yield occurred 

which was significantly lowered than the former B levels. The results also revealed that 

the straw yields at B application levels of 0.75 (7.76 t ha-1), 1 (8.12 t ha-1), 1.25 (7.92 t ha-

1), 1.50 (7.64 t ha-1) and 1.75 kg ha-1 (7.40 t ha-1) were statistically at par with regards to 

each other but significantly superior than all other B levels and control. The straw yields 

at control and 3 kg B ha-1 were statistically non-significant regarding each other but straw 

yield at both of these were significantly lesser than all other B treatments. These results 

clearly revealed that B application increased the plant biomass and vegetative growth of 

wheat plants. However, very high B doses ultimately resulted into severe toxicity in 

terms of yield loss. These results are fully in affirmation with the findings of many other 

researchers (Rerkasem and Jamjod, 2001; Kataki et al., 2001; Subedi et al., 1996a; 

1996b; Juliano et al., 2005; Jamjod and Rerkasem, 1999; Jamjod, 1996; Fageria, 2002; 

Asad and Rafique, 2002; Tiwari, 1996). 
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Figure 4.6.1 Effect of B on wheat grain and straw yields during 2006. 

The outcomes of Kataki et al. (2001) also fully endorsed present results as they 

revealed that soil B deficiency induces many problems like male sterility in wheat 

and resulted into deprived crop yields (especially of legumes and cereals). Whereas 

the research conclusions of Rerkasem and Jamjod (2001) revealed that plant response to 

low B in the soil varied widely amongst species, and among genotypes within a species. 

They further reported that B efficient cultivars are those that are acclimatized to build-up 

dynamically in soils in which other flora are viciously influenced by B deficit. 

Micronutrient B is exceptionally valuable for wheat crop because B deficiency cause 

failure of grain set (i.e. sterility in male pars of plant) in florets and this observation 

has been reported from several countries. The problem is particularly troublesome in 

subtropical Asia (e.g. India, China, Nepal, Bangladesh and Thailand) where under 

severe conditions complete crop failure can occur (Subedi et al., 1996b; Chhipa and 

Lal, 1989; Tandon and Naqvi, 1992; Saifuzzaman, 1995; Mandal, 1994). These results 

are also in accordance with the findings of Juliano et al. (2005), in which they depicted 

that wheat and triticale responded to B and highest B absorption was occurred in wheat. 

Similarly other researchers also revealed B absorption through roots in barley crop 

(Bingham et al., 1970b).  Moreover, in wheat crops, B toxicity stimulated 15-17 % 

decrease inroot and leaf tissues. This decline in plant dry matter was due to the boost in 
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enzyme action (i.e. glutamate dehydrogenase), which is activated in leaves (Dalton et al., 

1986). In a similar kind of study, many researchers evaluated different interactive effects 

of salinity and boron by using wheat, maize and pepper as a test crop and their findings 

are fully vindicated these results (Grieve and Poss, 2000; Yermyahu, 2003; Bingham and 

Garber, 1970a). Effects of B on number of spikelets were also significant at 0.20 mg dm-3 

B level and the higher B concentrations reduced the number of spikelets (Juliano et al., 

(2005). These present research findings are also more strongly supported by some 

scientists because they clearly proved that B concentration in the soil at 4 mg kg-1 B is 

considered the limit for low productivity in barley and wheat crops (Jamjod and 

Rerkasem 1999; Jamjod, 1996), but according to FAO study about Pakistan, most of soils 

are B deficient (Sillanpae, 1982). In the present study, the basic soil analysis also clearly 

showed that all the experimental sites were deficient in B. Besides, study-1 (B status of 

soils of Pakistan) of this research project also exhibited that out of eighty one soil 

samples two 82 % area had HWSB concentrations below the critical level of 0.50 mg kg-1 

and were ranged from 0.10 to 0.45 mg kg-1, 15 % area had B concentration range of 0.46 

to 0.55 mg kg-1 and only three sample had B concentrationRange of 0.56 to 0.91 mg kg-1.  

Many other scientists concluded that proper B fertilization resulted into healthier 

growth of wheat that ultimately caused good productivity and wheat needs 0.60 mmol L-1 

of solution B to develop well, and lower concentration rates set up deficiency symptoms 

(Subedi et al., 1999; 2001; Fageria, 2002; Asad and Rafique, 2002). The results of this 

study are also in compliance with the findings of Rawson (1996) and Subedi et al., 

(1996a), in which they concluded that B deficiency and cold temperature-induced 

sterility are especially common constraints in cold grown wheat in subtropical Asia, 

and thorough yield losses have been reported (Rawson and Subedi, 1996a; 1996b; 

Subedi et al., 1997b, 1998b; Singh et al., 1992). These results are fully endorsed by 

Soylu et al., (2005) and Sutton et al, (2007) in which they reported that both low and 

toxic soil B concentrations, globally, exhibited the familiar limitations to crop production, 

furthermore B toxicity tolerance in barley happens from efflux carrier strengthening. In 

Taiwan, many soils are B deficient and consequently this B deficiency significantly 

affected the crops yields grown on these soils (Ho, 2001; 1988; Lee, 1995; Chang, 1993; 

Chang et al., 1983; 1992; Juang, 1991; Rerkasem et al., 1989; Yang, 1960a). 
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4.6.2 Effect of B fertilization on grain and straw yields of wheat (t ha-1) during 2007 

 During the next year (2007), wheat crop significantly responded to boron 

application in terms of grain and straw yields. The results depicted in graph (Figure 4.6.2) 

shows that the uppermost grain yield (4.23 t ha-1) was observed with B application of 

0.75 kg ha-1 level, while the minimum was obtained from 3 kg B ha-1 (3.04 t ha-1) 

application level followed by 2 kg B ha-1 (3.36 t ha-1) and check plots (3.86 t ha-1). This 

graph also exhibited that lower B applications at the rate of 0.25 to 1.50 kg B ha-1 had 

significantly higher grain yields. Moreover, it was also accomplished that B application 

improved the grain yield by around 6, 9.60 and 6 % at B application levels of 0.50, 0.75 

and 1 kg ha-1, respectively. During 2007, yet it was noticed again that the minimum grain 

yields were found at higher B levels. This observation validated that there was a 

significant grain yield loss at 3 and 2 kg B ha-1 (almost 39 and 26 % less than the grain 

yield at B level of 0.75 kg B ha-1, respectively). This yield decline might be due to the B 

toxicity at higher B levels. The results further signified that grain yields increased with B 

application of 0.25 up to 1.50 kg ha-1 but after that B increments resulted into reduced 

grain yield. Similarly, the grain yields at B levels of 0.25 (3.91 t ha-1), 0.50 (4.09 t ha-1), 

0.75 (4.23 t ha-1), 1 (4.09 t ha-1), 1.25 (3.93 t ha-1), 1.50 kg ha-1 (3.92 t ha-1)  

Figure 4.6.2 Effect of B on grain and straw yields of wheat during 2007. 
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were statistically at par with respect to each other but significantly higher than all other B 

levels and control. The grain yield data of both years showed clear evidence of wheat 

response to B application in form of yield increase and toxicity. During 2007, the results 

showed that the straw yields were considerably affected with B application and yield-

increasing trend was almost the identical as noted during 2006. The highest straw yield 

(7.48 t ha-1) was observed with B application of 1.25 kg ha-1 whereas the minimum (6.30, 

6.32 and 6.35 t ha-1) were obtained from B application treatments of 3 kg B ha-1, check 

plots and 0.25 kg B ha-1, respectively. This line graph (Figure 4.6.2) also exhibited that 

the higher B levels had not so much toxic effects on vegetative growth of wheat plant as 

in first year (2006), rather higher B levels improved the growth and biomass 

significantly, apart from straw yield at B level of 3 kg B ha-1, which might be due to the 

sugar transport mechanism with in the chamber plants of wheat. The results showed that 

straw yield was 18.40 % extra in the case of B application 1.50 kg ha-1 when compared 

with control. However, straw yields at B levels of 2 and 3 kg B ha-1 were 6.4 and 19 %, 

respectively, less than the straw yield obtained from optimum B level of 1.50 kg ha-1. A 

promising derivation of this healthier biomass yield is the intensification of 

photosynthetic operation, which formed supplementary chlorophyll within the plants, 

which ultimately increased the carbohydrates and other synthetases (Huang et al., 2000; 

Heitholt, 1994; 1992; Jenkin, 1993). All these factors lead to develop higher biomass of 

wheat and hence straw yield. These results are fully supported by other researchers 

(Juliano et al., 2005; Jahiruddin et al., 1998; Munir et al., 2002; Mandal and Das, 1988; 

Rerkasem and Loneragan, 1994; Singh et al., 1992; 1990), in which they illustrated that 

wheat, triticale and barley (Bingham et al., 1970b) responded to B and the highest B 

absorption was occurred in wheat. Additionally, they reported that in wheat crops 15-17 

% diminished root or leaf tissues were stimulated owing to B toxicity. This decline in 

plant dry matter was due to the boost up in enzyme act (i.e. glutamate dehydrogenase), 

which is activated in leaves or roots (Dalton et al., 1986; Singh et al., 1990). When the 

straw yields of both years were compared, it was noted that the highest mean straw yield 

during 2006 (7.38 t ha-1) was more than 2007 (6.86 t ha-1). This difference in yield during 

two years designated that smaller amount of B was required for the second wheat crop as 

compared to first crop, for the reason that, preliminary B application enhanced the B 



180 
 

status of soil. This was owing to the B fertility built-up with residual or carry-over B 

from the first wheat crop. From present study, it is obvious that B application should be 

soil analysis based which will take notice of the carry-over or residual effect of boron and 

set-aside the wheat crop from any toxic B levels. In wheat plants, boron toxicity clearly 

appeared in B treated plots with B application levels of 1.25 to 3 kg ha-1. There were few 

toxic symptoms in the form of leaf burning especially the older leaves were more clearly 

burned. Initially, it looked like cholorotic patches on the leaf tips and also alongside the 

margins. Afterward, these affected leaves turned into light brown in colour. Likewise 

these symptoms, few plants leaves curved, twisted and turned into golden-brown colour 

in plots of 3 kg B ha-1 during 2007. At early stages of growth, plant stem turned into 

brown colour and leaves from the panicle did not appeared or brown spots on whole 

leaves were noted. Tillering was also affected due to high B levels and grain-unpacked or 

aborted tillers were found at the levels of 2 and 3 kg B ha-1. By the later stages of growth, 

plant retarded their enlargement and died (Yau and Ryan, 2008; Soylu et al., 2004; Yau 

and Saxena, 1997; Gupta, 1971; Crisp et al., 1976; Asad, 2002; Singh et al., 1990). Other 

studies revealed that B toxicity resulted into phenotypic deviation occurred in durum 

wheat (Triticum durum) at seedling stage (Yau et al., 1995). In a similar kind of study, 

Grieve and Poss, (2000) assessed diverse interactive effects of salinity and B by using 

wheat as a test crop and their findings are fully vindicated these results. Similarly, the 

results of other researchers revealed that there was an appreciable relationship amongst 

SAR, salinity and B on the rice seedling and their germination (Paliwal and Mehta, 

1973). Effects of B on number of spikelets were also significant at 0.20 mg dm-3 B level 

and the higher B concentrations reduced the number of spikelets (Juliano et al., (2005). 

These findings are also more powerfully supported by some scientists because they 

clearly proved that B concentration in the soil at 4 mg kg-1 B is considered the limit for 

low productivity in barley and wheat crops (Jamjod and Rerkasem 1999; Cartwright et 

al., 1986; Jenkin, 1993; Jahiruddin et al., 1998). Other studies reported similar kind of 

results in which they established that in cereals like wheat, B deficit limits plant 

reproductive growth more strictly than vegetative growth. Furthermore, B removal or 

absence from the root medium for only three days at pollen and anther development or 

elongation stages badly affect the plant structures and finally resulted in to the collapse of 
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pollen viability  (Huang et al., 2000; Vasil, 1963). The depressing effects on anther 

length of wheat is due to the B deficiency in form of its removal also projected that B 

positively perform its role in cell walls of reproductive structures which is identical to 

vegetative growth (Huang et al., 2000).  

4.6.3 Effect of B on number of grains per spike 

 The results regarding grains per spike exhibited in graphic representation shows 

that the number of grains per spike increased with B application as compared to untreated 

plot (control) during both the years (Figure 4.6.3). During 2006, the utmost numbers of 

grains (42 grains spike-1) were produced in a single spike with application of 0.75 kg B 

ha-1 while the lowest grains (32 grains spike-1) were obtained from the higher B 

application treatment (i.e. 3 kg B ha-1). The numbers of grains per spike at B application 

levels of 0.25 to 1.50 kg B ha-1 treatments were statistically at par with respect to each 

other but all of these B treated plots had significantly higher number of grains per spike 

regarding check (-B) plots and other B treated plots (i.e. 2 and 3 kg B ha-1). The results 

also demonstrated that during 2006, there was almost 8 % increase in numbers of grains 

per spike with B application of 0.75 kg B ha-1, over control. In addition, the numbers of 

grains per spike with B application of 3 kg B ha-1 (32 grains spike-1) were significantly 

lowered with regard to control (39 grains spike-1). Consequently, at 3 kg B ha-1, there 

were almost 22 and 36 % smaller numbers of grains produced per spike than control and 

0.75 kg B ha-1, respectively. This obviously pointed out that the higher B doses created 

toxicity in terms of fewer numbers of grains produced per spike. More or less, similar 

kind of trend was again found during 2007 and the highest numbers of grains per spike 

(43 grain spike-1) were achieved with application of 0.75 kg B ha-1, whilst the minimum 

(31 grains spike-1) were detected in treatment with 3 kg B ha-1. The numbers of grains per 

spike at B application levels of 0.25, 0.50, 0.75, 1 and 1.25 kg ha-1 were statistically non-

significant with reference to each other but all of these B treated plots had significantly 

higher number of grains per spike with regard to check (-B) plot and other B treated plots 

(i.e. 2 and 3 kg B ha-1). B toxicity was visible evident in grain formation and the results 

obtained revealed that the number of grains significantly affected with high B levels and 

their production decreased within the spikelets. Likewise the previous results (2006), 

there was nearly 13 % increase in numbers of grains per spike over control, with B 
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application of 0.75 kg B ha-1, during 2007. The lowest numbers of grains per spike at 3 

kg B ha-1 were about 34 % less than the numbers of grains per spike with optimum B 

application level (0.75 kg B ha-1), which markedly revealed that the higher B doses 

created toxicity in terms of fewer numbers of grains produced per spike. 

Figure 4.6.3 Total number of grains per spike during 2006 and 2007. 

These results are in agreement with the findings of Wongmo et al., (2004) when they 

discovered that B deficiencies caused reduction in grain setting in form of decreased 

number of grain per spike and grains spikelet−1 while in barley, low B significantly lower 

the number of spikelets per spike by 23 to 75 % and also stimulated terminal spikelets 

deterioration. There was a poor correlation amongst flag leaf B and spike. Some times in 

barley genotypes, the low B doses decreased grain setting which eventually delayed the 

emergence of spikes and also lowered the number of spikes per plant however at times it 

resulted into improved tillering and straw weights. These results are also supported by 

Rerkasem and Jamjod (2001) in which they reported that comprehensive yield losses were 

efficiently turned aside by the insertion of boron in areas with low soil B. Additionally, the 

emergence of B deficit predominantly via male infertility (sterility), which is especially 

common in several species, generates prospects for out crossing in typically self-fertilized 

species (Rawson and Subedi, 1996). In another study Subedi et al.  (2000) reported 

different patterns of seed set in B deficient along with cold depressed wheat. They conclude 
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that in presence of cold weather (chilling stress), wheat grain setting in potentially 

productive florets is declined. During reproductive development, B deficit plus coldness 

(low temperature) eventually leads failure in grain setting. In cold-stressed and B deficit 

situations, ear fertility of wheat was diminished up to 98 % without changing the pattern of 

seed setting inside the ear. 

4.6.4 Effect of B application on thousand-grain weight (g) in 2006 and 2007 

A thousand-grain weight is a fundamental yield-determining factor in wheat 

because healthier and heavier is the grain; the greater will be the grain yield. The results 

indicated that during 2006, grain size, vigor and weight significantly increased over 

control (-B treatment) with B application rate of 0.75 kg ha-1 and the maximum weight of 

1000 grains (42.25 g) was obtained while the lowest weight (32.12 g) was obtained from 

3 kg B ha-1 treatment (Figure 4.6.5). The results regarding grain weight revealed that B 

application levels of 0.25 to 1.50 kg B ha-1 were statistically at par with respect to each 

other but all of these B treated plots had significantly higher number of grains per spike 

regarding check (-B) plots and other B treated plots (i.e. 2 and 3 kg B ha-1). The line 

graph also exhibited that all the B treatment significantly affect the grain weight except 

very high B doses above the levels of 1.50 up to 3 kg B ha-1. Lower B application rate of 

0.25 and 0.50 kg B ha-1 affect the grain weight but the increase is statistically non 

significant compared to check treatment. The weight of 1000 grains is considered as the 

responsible factor for yield boost and B application significantly influence 1000-grain 

weight in this experiment. Somewhat, equivalent trend was again found during 2007 and 

it was noticed that B application significantly improved the thousand grain weight of 

wheat. The results depicted in line graph shows that the highest 1000-grain (43.25 g) was 

attained with application of 0.75 kg B ha-1, whereas the minimum (31.4 g) were 

perceived in treatment with 3 kg B ha-1. The thousand grain weight of wheat at B 

application levels of 0.25, 0.50, 0.75, 1 and 1.25 kg ha-1 were statistically non-significant 

with reference to each other but all of these B treated plots had significantly higher grain 

weight with regard to check (-B) plot and other B treated plots (i.e. 2 and 3 kg B ha-1) 

(Figure 4.6.5). All these results are compatible with the findings of many scientists and 

they concluded that appropriate B application rates for winter wheat crop contributed 

healthier growth and grain yield (Torun et al., 2006; Fageria, 2002; Subedi et al., 1999; 
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Asad and Rafique, 2002; Mandal and Das, 1988). Though wheat need only minute B 

element but some researchers reported up to 0.6 mmol L-1 of B solution to develop 

healthily, and lesser B concentration rates guided deficiency symptoms in wheat plants. 

The experimental data obviously revealed that 0.75 kg B ha-1 was the optimum level for 

enhancing the 1000-grain weight. Following the optimum level, grain weight decreased 

and next both treatment (1.25 and 1.50 kg B ha-1) were at par with optimum B level, but 

after B level of 1.50 kg B ha-1, higher levels caused serious   toxicity in terms of 

sharp/abrupt loss of 1000 grain weight. This sudden reduction in 1000-grain weight 

might be due to the disturbance in nutrient balance within the plant parts. Toxic B levels 

also resulted into malfunctioning in sugar especially non-structural carbohydrates 

translocation within the plants (Heitholt, 1994; 1992), therefore fruit setting and 

development, badly affected. Similar trend of grain weight was found again during 2007 

and significant effect of B treatment was observed over control. The higher B levels 

beyond 1.00 up to 3 kg ha-1 caused toxicity and this decrease in weight loss was clearly 

noticeable in the Figure 4.6.5. 

Figure 4.6.5 Effect of B doses on 1000-grain weight (g) of wheat during 2006 and 
2007. 
4.6.5 Spike length of wheat (cm) during 2006 and 2007 

The results regarding spike length showed that it was improved with B application 

as compared to untreated plot (control) during both the years (Figure 4.6.4). During 2006, 
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the maximum spike length (10.88 cm) was observed with application of 1 kg B ha-1 while 

the lowest was (8.67 cm) was acquired from the higher B application treatment (i.e. 3 kg 

B ha-1). The spike length at B application levels of 0.50 to 1.75 kg B ha-1 treatments were 

statistically at par with respect to each other but all of these B treated plots had 

significantly higher number of grains per spike regarding check (-B) plots and other B 

treated plots (i.e. 2 and 3 kg B ha-1). The results also confirmed that during 2006, there 

was almost 12.6 % increase in spike length with B application of 0.75 kg B ha-1, over 

control. In addition, the spike lengths with B application of 3 kg B ha-1 (8.67 cm) were 

significantly lesser than control (9.66 cm). Consequently, 3 kg B ha-1 application resulted 

into nearly 11 and 26 % lower spike length than control and 1 kg B ha-1, respectively. 

This obviously revealed that the higher B dosage produced toxicity in terms of lesser 

spike length.  

Figure 4.6.4 Spike length of wheat (cm) during 2006 and 2007.  

Almost similar kind of trend was observed during 2007, and the results 

established that there was about 8 % raise in spike length with B application of 1 kg B ha-

1, over control. In addition, the spike lengths with B application of 3 kg B ha-1 (8.96 cm) 

were significantly lesser than control (10.29 cm). Consequently, 3 kg B ha-1 application 

resulted into more or less 15 and 24 % poorer spike length than control and 1 kg B ha-1, 

respectively. This obviously revealed that the higher B dosage produced toxicity in terms 
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of lesser spike length. This decrease in spike lengths varied more constantly in both the 

years, which showed that after first year B application, the soil B status improved and 

there was B build up in soil and due to carryover or residual effect of B, the spike lengths 

decreased during second year. These results are well-matched with the findings of other 

researchers in which they revealed that B deficit originated diminution in grain setting in 

form of decreased number of grain per spike and grains spikelet−1 while in barley, low B 

significantly lower the number of spikelets per spike by 23 to 75 % and also stimulated 

terminal spikelets deterioration. There was a poor correlation amongst flag leaf B and 

spike (Torun et al., 2006). Some times in barley genotypes, the low B doses decreased 

grain setting which eventually delayed the emergence of spikes and also lowered the 

number of spikes per plant however at times it resulted into improved tillering and straw 

weights (Fageria, 2002; Rerkasem and Jamjod, 2001; Subedi et al., 1999; Asad and 

Rafique, 2002; Wongmo et al., 2004).  

4.6.6 Effect of B on number of tillers per metre-2 (2006-2007) 

  Total number of productive tillers per unit area is considered as an important 

component of grain yield of wheat. The number of tillers is controlled by certain 

environmental factors along with the genetic potential and makeup of the plant. The 

results of first year (2006) depicted in Figure 4.6.6, shows that B application did not 

caused any significant affect on the number of tillers per unit area, though the number 

gradually increased from check plots to B treated plots, but the statistical analysis 

exhibited the non-significance of B application with regard to the number of tillers per 

unit area. Similarly, in the next year same kind of results were obtained and B had no any 

significant effect on number of tillers. The results indicated that highest number of tillers 

was obtained with 0.75 and 1.00 kg B ha-1 treatments during 2006 and 2007, respectively 

(Fig. 6). The number of tillers increased from 72.90 (control) to 78.40 (0.75 kg B ha-1) in 

2006 and 64.70 to 76.40 (1 kg B ha-1) in 2007 and this increase was approximately 8 and 

18 %, respectively. These results are in contradiction with the findings of Wongmo et al., 

(2004) in which they revealed that several barley and a wheat genotypes (Tatiara) 

exhibited increased tillering at those B levels where grain setting turned down. This 

encouraging effect of low B was perceived even when grain setting was absolutely 

depressed. The improved tillering of wheat crop in low B was resulted in to a substantial 
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boost in the plant dry matter. Nevertheless, these redundant wheat tillers were mostly 

unfruitful (without grains). The number of spikes plant−1 was actually depressed by B 

deficiency in some of the barley genotypes, by up to 90 % (Wongmo et al., 2004). This 

non-significant response of wheat to B application might be due to the variation in the 

soil properties (high pH and calcareousness) and variation in the varietal characteristics 

of wheat. 

Figure 4.6.6 Effect of B on number of tillers per metre-2 (2006-2007). 

Moreover, this non-significance of the results might be due the genotypic potential of 

wheat cultivars or variation in the data and non-sequential responses of wheat tillers to B 

application. The results presented in study one revealed that most of wheat-cotton areas 

were deficient in organic matter, high in soil pH and CaCO3 content. All these factors 

ultimately resulted into non-significant effect of B on number of tillers per unit area. Hu 

and Brown (1997) revealed that boron absorption among crops differs in similar soil 

concentration conditions, and several mechanisms are involved in regulation of B 

absorption in different species. Rerkasem and Jamjod (2001) reported that plant response 

to low B in the soil varies widely among species, and among genotypes within a species. 

Boron efficient genotypes are those that are able to grow well in soils in which other 

genotypes are adversely affected by B deficiency. 
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4.6.7 Effect of B application on plant height  

 The bar graph depicted that B application significantly affect the wheat plant 

growth in terms of plant height during both years. Maximum plant height (92 cm) during 

2006 was obtained with B treatment 0.5 kg ha-1 and lowest plant height was obtained 

from 3 kg B ha-1. When optimum B level compared to control (-B), plant height increased  

from 80 cm in control to 92 cm in 0.75 kg ha-1 B application level. Similarly during 2007, 

the optimum B level for maximizing the plant height was same i.e. 0.75 kg B ha-1 (Fig.7).  

The reasons of this increase in plant heights were better plant nutrition and balanced 

interaction among all macro and micronutrients, which resulted into better plant growth 

in terms of plant height. Secondly, B application improved the photosynthetic activity, 

chlorophyll content and metabolic activity with the wheat plants. B is also involved in the 

transportation of photo assimilates especially glucose from leaves to other plant parts 

which ultimately increase the plant height (Shelp et al., 1992). Thirdly, B deficiency in 

wheat caused retardation in the growth processes, particularly upper/apex meristematic 

tissues are badly affected during B deficient conditions, shoot tip die and lateral branches 

Figure 4.6.7 Effect of soil B application on plant height (cm) in both years. 
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al., 1997). Additionally, the competency of tolerant cultivars to engage with maximum B 

in soil or other medium was not a result of a capability to tolerate excessive B 

concentrations in the plant components (Miwa et al., 2007; Nable, 1988; Nable et al., 

1990; Ferreyra et al., 1997; Keren and Bingham, 1985). 

4.6.8 Boron concentration (mg kg-1) in wheat leaves 

The results showed that 0.05M HCl extractable B concentrations in the surface 

soil (15 cm) of the experimental site was 0.17 mg kg-1 before the sowing of wheat. This 

low soil B concentration was clearly appeared in wheat plant in form of leaf B 

concentration. B treated plots showed that B concentration in plant leaf was increased 

with increasing B application and the highest B concentrations 13.50 and 13.11 mg ka-1 in 

leaf was observed in B treated plots of 3 kg B ha-1 application during 2006 and 2007, 

respectively.  The results in figure 4.6.8 depicted that B concentration in leaves of first 

three treatments were statistically remained at par with each other but after that B 

concentration increased significantly and the utmost boron was obtained from higher B 

levels in both years. The statistical analysis showed that there was a highly significant 

linear relationship (P < 0.05) between soil B application and plant B content during 2006 

(R2= 0.97** ) and 2007 (R2= 0.98** ). A close glance on the linear graph and regression 

equations showed that with each unit change in B application (in form of B-fertilizer), the 

rate of change in the form of B concentration in leaves during 2006 and 2007 were 1.13 

and 1.12 mg kg-1, respectively (Figure 4.4.8). Similarly, the data also indicated that the 

highest B applications evidently resulted into toxicity of B as grain and straw yield 

declined considerably. In the case of grains, boron concentrations in grain were 

significantly affected by B applications and the maximum B concentration was acquired 

from 3 kg B ha-1 and the lowest B concentrations in wheat grain were observed in control 

plots in both years (Figure 4.6.11). B concentrations in grains during 2006 varied from 

0.34 mg kg-1 as in control and reached up to 0.83 mg kg-1 at B levels of 3 kg B ha-1 while 

in 2007 it ranged from 0.40 mg kg-1 in control to 1.00 mg kg-1 at 3 kg B ha-1. These 

results are fully endorsed by Sutton et al, (2007) in which they concluded that both low 

and toxic soil B concentrations, globally, exhibited the familiar limitations to crop 

production. Many researchers also emphasized these result as they investigated that B 

concentration in flag leaf at was improved with B application (Mandal, 1994; Subedi et 
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al., 1997a) and the correct B concentration in wheat leaf is 1.20 mg kg-1 of dry matter 

(Asad, 2002) and, regardless the crop, B partition is different in the several organs: 68 % 

in leaves, 16 % in roots, 10 % in grains and 6 % in stem (Subedi et al., 1999; Chhipa and 

Lal, 1989). 

Figure 4.6.8 B concentration (mg kg-1) in leaves of wheat plants in both years. 

Figure 4.6.9 B concentration (mg kg-1) in wheat grains at harvesting. 

4.6.9 Effect of B application on total B uptake (g ha-1) 

Total B uptake by wheat plants showed that B uptake was varied during first year 

(2006) from 33 g ha-1 to 63 g ha-1 at B application level of 0.75 kg B ha-1 and afterward it 
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again decreased significantly at higher B levels (3 kg B ha-1), and at 3 kg B ha-1 level 

total B uptake was only 48 g ha-1 (Fig 4.6.10). The B concentration data showed that 

maximum B concentration was present in higher B treated plants but there was a severe 

reduction in the dry matter yield due to B toxicity which ultimately reduced the B uptake 

in high B treated plants. During 2007, the total B uptake by wheat plants again 

significantly affected by B application and the highest B uptake was observed with B 

treatment of 1 kg B ha-1 application and it improved from control (35 g ha-1) up to 63 g 

ha-1 (1.00 kg B ha-1) and then it decreased again and lowest B uptake was observed at 3 

kg B ha-1 (44 g ha-1). Few workers also found B toxicity in wheat (Nable, 1988; Ferreyra 

et al., 1997; Nable and Moody, 1992) and they also supported these result. In some 

extreme cases critical B values for wheat plants ranged from 10 to 130 mg kg-1 dry 

weight (Gupta, 1977; Riley et al., 1994) and at these high plant concentrations, leaf 

burning occurred and plants did not survive which ultimately decreased the dry matter 

yields. Likewise, the findings of Sutton et al, (2007) are also in conformity with these 

results as they reported that both low and toxic soil B concentrations, globally, exhibited 

the familiar limitations to crop production. Similar kind of results were also obtained by 

Subedi et al., (1997b) and reported that B concentration in flag leaf at was improved with 

B application. 

4.6.10 Effect of B on protein content of wheat 

 The results showed that B application had no any significant effect on protein 

content of wheat during both years when we compared B doses with control. But 

surprisingly high B levels of 2 and 3 kg B ha-1 significantly affected (P <0.05) protein 

content of wheat and lowest protein contents (11.17% and 12.00%) were obtained from B 

treatment of 3 kg ha-1 and 2 kg ha-1 application, respectively while highest protein 

contents (14.90%) were noticed with 1 kg B ha-1 treatment in 2006. Similarly in 2007, 

lowest protein content of wheat were 10.19 and 12.43% which were obtained from 3 kg  
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Figure 4.6.10 Effect of B application on total B uptake (g ha-1) at Jhang and 
Sindhelianwali series during 2006 and 2007. 

Figure 4.6.11 Protein contents (%) in wheat grains during 2006 and 2007. 
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the structures of cell wall and plasma membranes which ultimately resulted into decrease 

in protein content. 

4.7 Effect of foliar boron on wheat in alkaline and calcareous soils 

Wheat is very sensitive monocot crop and necessitated merely low amounts of B 

for whole season, therefore this study was conducted to assessed the best foliar levels of 

boron which increased growth and yield under high pH and calcareous soils of Pakistan.  

Table 4.7.1 Some Physico-chemical properties of the experimental soil. 

Characteristics  Site (Jhang Series) 

pH 8.10 

ECe (dS m-1) 0.91 

O.M (%) 0.71 

CaCO3 (%) 8.76 

Available P (mg kg-1) 7.40 

Available K (mg kg-1) 123 

Total N (%) 0.026 

0.05M HCl extractable B (mg kg-1) 0.21 

Textural class Loam 

U.S. Taxonomical class Typic Torripsamments 

Soil series Jhang 

The results in Table 4.7.1 depicted that pHs was ≥ 8.10. The soil of the experimental area 

was highly calcareous in nature due to 8.76 % CaCO3 content. The loam-textured soil had 

very low organic matter content (0.71 %) with no hazards of salinity or sodicity (ECe= 

0.91 dS m-1). Soil B concentration as extracted by 0.05M HCl was 0.36 mg kg-1 and was 

well below the critical value of 0.50 mg kg-1. Foliar sprays on wheat were performed at 

different growth stages, and by keeping in view the toxicity of B on wheat, B 

concentrations in foliar sprays (treatments) were very low. These plant growth stages 

were (a) prior to tillering (b) booting (c) milking and (d) grain formation. 

4.7.1 Effect of foliar B on growth and yield parameters during 2006 

The results in Table 4.7.2 depicted that grain and straw yields were significantly 

affected by B application as foliar sprays. Prior to initiation of experiment, composite soil 
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samples were collected and analyzed for the physico-chemical properties of soil. The 

grain and straw yields obtained from control and 0.25 kg B ha-1 levels were statistically at 

par with respect to each other but significantly lowered than yields from all other B 

treatments during both the years. Similarly, the grain yield at B levels of 0.50 and 0.75 kg 

ha
-1

 were at par with respect to each other and significantly greater than all other 

treatments during 2006, but contrarily, the straw yield at B levels of 0.75 and 1 were 

statistically non-significant regarding each other but significantly more than all other 

treatments during 2006. The data also revealed that during 2006, grain and straw yields 

increased by 21 and 36 %, respectively with the foliar B application. 

Table 4.7.2 Effect of foliar B on growth and yield parameters during 2006. 

B Levels 
(kg ha-1) 

Grain Yield 
(t ha-1) 

Straw yield 
(t ha-1) 

Grains spike-
1 (g) 

Spike length 
(cm) 

1000 grain 
weight (g) 

0.00 3.98 C 5.76 C 38.67C 8.64 C 36.99 C 
0.25 4.00 BC 6.48 C 46.67 AB 9.98 AB 40.47 BC 
0.50 4.63 AB 6.80 B 48.33 A 10.42 A 42.36 AB 
0.75 4.80  A 7.81 A 46.61 AB 10.42 A 43.52 A 
1.00 4.21B 7.86 A 43.33 ABC 9.88 B 40.00 B 
% Increase over 
control 20.60 35.60 25.00 20.60 17.70 

Dissimilarities (LSD P < 0.05) in the similar row are pointed out by unlike capital letters. 

The number of grains per spike (Table 4.7.2) were also significantly differed from control 

at 0.50 kg ha
-1

 B level. The highest grain yield (4.80 t ha-1) was obtained with the B 

treatment of 0.75 kg ha-1 and lowest yield was achieved from control. The data also 

exhibited that about 21 percent grain yield boost was obtained with B treated plots over 

control. Further, other yield parameters like number of grains per spike, spike length and 

thousand grain weights were also significantly affected by foliar B application. Other 

scientists also supported these results because their findings are fully in accordance with 

present study. In few Asian countries (like India, China, Pakistan, Bangladesh, Nepal and 

Thailand) wheat sterility is a ubiquitous hindrance in rice-wheat farming systems that 

caused serious grain yield reductions (Shorrocks, 1997; Rawson and Subedi, 1996; 

Rerkasem, 1994; Rerkasem and Loneragan, 1994; Sthapit and Subedi, 1990; Tandon and 

Naqvi, 1992; Tiwari, 1996; Saifuzzaman, 1995). In wheat, B deficiency resulted into the 

formation of sterile floret of wheat (Rerkasem, 1996a, b; 1997a) and this sterility was not 

only due to B but some other factors may also 
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Table 4.7.3 Effect of foliar B on growth and yield parameters during 2007. 

B Levels  
(kg ha-1) 

Grain Yield 
(t ha-1) 

Straw yield
(t ha-1) 

Grains  
spike-1 

Spike 
length cm) 

1000 grain 
 weight (g) 

0 4.06 C  6.62 C  37.70C  8.31 C  38.00 C  
0.25 4.23 B  6.97 BC  46.67 AB  8.77 BC  39.33 BC  
0.5 4.35 AB  7.28 B  48.00 A  9.49 AB  41.00 AB  
0.75 4.51 A  8.01 A  46.61 AB  9.75 A  42.01 A  
1 4.21B  8.12 A  43.33 ABC  9.27 B  41.15 B  

% Increase over  
Control 1111  2211  2277  1177  88  
Dissimilarities (LSD P < 0.05) in the similar row are pointed out by unlike capital letters. 

took part in it like heat stress or elevated temperature (Saini and Aspinall, 1982), water 

scarcity (Saini and Aspinall, 1981) and cold temperature (Huang et al., 1996; Subedi et 

al., 1998a). Wongmo et al., (2004) investigated that B deficiencies caused reduction in 

grain setting in form of decreased number of grain per spike and grains spikelet−1 while in 

barley, low B significantly lower the number of spikelet per spike by 23 to 75 % and also 

stimulated terminal spikelet deterioration. There was a poor correlation amongst flag leaf 

B and spike. Some times in barley genotypes, the low B doses decreased grain setting 

which eventually delayed the emergence of spikes and also lowered the number of spikes 

per plant however at times it resulted into improved tillering and straw weights. Asad et 

al., (1997) established external B requirements for canola (Brassica napus L.) in boron 

buffered solution culture and they reported that dry matter and B uptake of canola 

increased with increasing solution boron concentration up to 0.54 – 0.87 µM. Asad et al., 

(2003) revealed that foliar B application significantly affect the vegetative and 

reproductive growth of sunflower. All B foliar spray rates increased the B concentration 

in various   parts of the plant tops, including those that developed after the sprays were 

applied, but the B concentration in the roots was not increased by B foliar application. 

There is a greatest transfer of B from root to leaves in crops more tolerant to boron 

deficiency, when B supply is restricted by the environment (Miwa et al., 2007; Subedi et 

al., 1999). 

4.7.2 Boron concentration (mg kg-1) in wheat leaves 

The results showed that B concentration in plant leaf was increased with 

increasing B application and the greatest B concentrations 18.50 and 24.60 mg ka-1 in leaf 

was observed in foliarly B treated plots of 1 kg B ha-1 application during 2006 and 2007, 
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respectively.  The results in figure 4.7.1 depicted that B concentration in leaves of first 

three treatments were statistically higher than control. The statistical analysis showed that 

there was a highly significant linear relationship (P < 0.05) between foliar B application 

and plant B content during 2006 (R2= 0.98** ) and 2007 (R2= 0.97** ). A partial view on 

the linear relationships and regression equations showed that with each unit change in B 

application (in form of foliar B application), the rate of change in the form of B 

concentration in leaves during 2006 and 2007 were 3.68 and 5.22 mg kg-1, respectively 

(Figure 4.7.1). Similarly, the data also indicated that the highest B applications evidently 

resulted into toxicity of B as grain and straw yield declined considerably. The data also 

indicated that somewhat higher B concentration in wheat plants were noted during 2007 

as compared to 2006. This additional B concentration in wheat leaves might be due to 

more B absorption through leaves during 2007 than previous year. These results are fully 

in accordance with the findings of other researchers (Mandal, 1994; Subedi et al., 1997a). 

4.7.3 Effect of B application on total B uptake (g ha-1) 

Total B uptake by wheat plants illustrated that B uptake was varied during first 

year (2006) from 31 g ha-1 (in control) to 45 g ha-1 at B application level of 1 kg foliar B 

ha-1 (Figure 4.7.2). During 2007, the total B uptake by wheat plants again significantly 

affected by B application and the highest B uptake was observed with B treatment of 1 kg 

B ha-1 application and it improved from control (29 g ha-1) up to 45 g ha-1 (1.00 kg B ha-1) 

(Figure 4.7.2). 

Figure 4.7.1. Effect of foliar B application on plant leaf B concentration (mg kg-1). 
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Figure 4.7.2 Effect of B application on total B uptake (g ha-1) in wheat plants during 
both years (2006 and 2007). 
 

CONCLUSIONS 

B application significantly increased the number and weight of grains per spike, grain 

and straw yields during both years, however the higher B application (3 kg ha-1) 

significantly reduced the 1000-grain weight, during both years. B application improved 
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STUDY 7 

4.8 RESIDUAL EFFECT OF B APPLIED TO PREVIOUS   COTTON 
ON WHEAT  

The wheat-cotton cropping system contributed maximum in agricultural system of 

Punjab. About 50% of wheat crop is planted after cotton, 30% after fallow and 20% after 

rice with an average cropping intensity of 130% (Chaudhry et al., 1999). The basic soil 

analysis represented as Table 1 explains that soil pHs of the experimental site is 

somewhat high (8.10) and indicated alkalinity of the soil. The electrical conductivity 

(ECe) measured was (0.84 dS m-1) and revealed that soil was normal, and there were no 

salinity or sodicity hazards found in the soil samples of the experimental site. Further, the 

soil analysis also reflected the intense calcareousness of the experimental site as it had 

high CaCO3 content (11.05 %), whereas fertility condition of soil was incredibly poor and 

OM content, total N, available P and extractable K of experimental site was 0.44 %, 

0.021 %, 7.11 mg kg-1 and 122 mg kg-1, respectively. In case of B concentration of soil, 

0.05 M HCl extractable soil B in control plots was only 0.17, 0.16 and 0.16 mg kg-1 

(average of three plots) during 2006 (after cotton harvest but before wheat sowing), 

2007(after cotton and before wheat) and 2008 (after wheat harvest), respectively. The 

results depicted in Figure 4.8.1 showed that soil B concentration before start of 

experiment was 0.17 mg kg-1 and it was significantly improved (by B application to 

previous cotton crop) with B application levels of 0, 0.25, 0.50, 0.75, 1.00, 1.25, 1.50, 

Table 4.8.1 Basic soil analysis of the experimental area before sowing of wheat 
and after harvesting of cotton. 
Characteristics 2006 

(After cotton) 
2007 
(After cotton) 

After Wheat 

pHs 8.10 8.10 8.10 
ECe (dS m-1) 0.84 0.81 0.82 
O.M (%) 0.44 0.45 0.47 
Texture Silt loam Silt loam Silt loam 
CaCO3 (%) 9.15 9.15 9.15 
Av.p (mg kg-1) 7.11 7.04 7.05 
Av.k (mg kg-1) 146 140 137 
N (%) 0.029 0.027 0.028 
Av.B (mg kg-1) 0.17 0.16 0.16 

. 
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Figure 4.8.1 Residual soil B concentrations in the experimental site after cotton, 
before wheat and after wheat.   
1.75, 2.00 and 3.00 kg B ha-1. The results showed that soil B concentration gradually 

increased from 0.17 mg kg-1 (control) to 0.36 mg kg-1 (3.00 kg B ha-1) after cotton harvest 

(before start of wheat sowing). It was also evident from the results that lower B treatment 

plots (0.25, 0.50, 0.75, 1.00 and 1.25 kg ha-1) did not caused any strong buildup in the 

treatment plots but afterward there was a significant increase in soil B concentration in B 

treated plots of 1.50 to 3.0 kg B ha-1. The average highest soil B concentrations of 0.24 

mg kg-1 were obtained from B treated plots of cotton after harvest during 2006 followed 

by second year i.e. 2007 (0.21 mg B kg-1) whilst the lowest soil B concentration of 0.19 

mg kg-1 were obtained during 2008 (Table 4.8.2). When we compared the soil B 

concentrations of all three year (three years averaged soil B), the data exhibited that the 

maximum soil B concentration was 0.31mg kg-1 and it was found at B application level of 

3 kg ha-1 while the minimum 0.16 mg kg-1 were obtained from control and 0.25 kg B ha-1.  

The regression equations and linear relationship (Figure 4.8.2) showed that B 

concentration significantly increased (at P < 0.05) from control to the highest B levels 

with utmost B concentration in soil during 2006 (R2 0.95), followed by 2007 (R2 0.95) 

and then 2008 (R2 0.87). After wheat harvest soil B concentration levels at 3 kg B ha-1 
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were 0.36, 0.30 and 0.26 mg kg-1 during the years of 2006, 2007 and 2008, respectively 

and it decreased in the order of  

Soil B during 2006 > Soil B during 2007 > Soil B during 2008. 

Table 4.8.2 Soil B concentrations during 2006, 2007 and 2008 of the experimental 
area before sowing of wheat and after harvesting of cotton. 

 B (kg ha-1) 2006 2007 2008 Mean 
0.00 0.172 0.160 0.150 0.16 

0.25 0.172 0.162 0.154 0.16 

0.50 0.185 0.172 0.158 0.17 

0.75 0.207 0.182 0.166 0.19 

1.00 0.230 0.200 0.173 0.20 

1.25 0.244 0.213 0.180 0.21 

1.50 0.258 0.230 0.196 0.23 

1.75 0.272 0.239 0.200 0.24 

2.00 0.318 0.260 0.232 0.27 

3.00 0.358 0.300 0.267 0.31 
Mean 0.24 0.21 0.19  

Whereas in the case of control treatment soil B level was gradually decreased from 0.17 

mg B kg-1  (during 2006) to 0.15 mg kg-1 (during 2008). This soil boron concentration 

data clearly revealed that the original soil B concentrations were depleted with time and it 

Figure 4.8.2 Regression analysis along with regression equations and R2-values 
showing the trend of B concentration in the experimental soil. 
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directly depended on crop removal or uptake. Moreover, soil B application significantly 

improved the soil B status and there was a definite B buildup in heavily B treated plots as 

in the case of 2 to 3 kg B ha-1 application to previous cotton crop resulted in to increased 

soil B concentration from 0.17 to 0.36 after first year, 0.16 to 0.30 after second year and 

0.15 to 0.31 after third year from the Sindhelianwali silt loam soil series (Typic 

Ustochrepts).  

4.8.1 Grain and straw yield (t ha-1) of wheat 

This experiment showed exceptionally very significant response of wheat crop to 

residual B during 2006. In this experiment, B was applied as basal dose (pre plant as 

broadcasting) to cotton crop during 2005 and wheat was grown up in the same plots after 

harvesting of cotton. 0.05 M HCl extractable soil B level indicated that soil B status   had 

no any B build up in soil and all the plots had less B than critical soil B level of 0.50 mg 

kg-1. The data exhibited (Figure 4.8.2) that the uppermost grain yield of 4.70 t ha-1 was 

obtained with plot of B treatment 1.50 kg B ha-1 applied to cotton and the minimum grain 

yield (3.71 t ha-1) was obtained from control plot and the highest B application plot. The 

difference in yield was statistically significant (P ≤0.01) and grain yield increased from 

3.71 t ha-1 in B lacking (-B) treatment to 4.70 t ha-1 in +B treatment plots and difference 

was almost 1.00 t ha-1. A further appealing observation was that residual B did not caused 

any toxicity symptoms either in vegetative crop stand or in yield response parameters. 

Figure 4.8.2 Residual effect of B on grain and straw yields (t ha-1) of wheat in 2006. 
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Figure 4.8.3 Residual effect of B on grain and straw yields of wheat (t ha-1) in 2007. 
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(8.56 t ha-1), respectively while lowest straw yields (6.78 and 5.97 t ha-1) were obtained 

from control plots, respectively. Residual B was more effective than applied B to wheat 

crop in terms of grain and straw yields during both years (Fig. 4.8.2). When, we compare 

yield data of both experiments, it is obvious   from the results that residual B had more 

benefits to wheat crop than applied B. This study clearly concluded that under wheat-

cotton cropping system, B fertilization to cotton had significant residual effect on next 

wheat crop, move over B toxicity hazards to wheat was also reduced than B application 

to wheat. So, under these soil conditions B should be used for cotton and not for wheat, 

depending on the texture, pH, CaCO3 and B status of soil. These results are in conformity 

with the findings of Juliano et al., (2005) in which they elucidated that wheat genotypes 

responded positively to B application and record absorption and uptake was took place in 

wheat crop whilst B toxicity encouraged 15 to 17 % decline in dry matter yield. Whereas 

some researchers revealed that in few Asian countries (like India, China, Pakistan, 

Bangladesh, Nepal and Thailand) wheat sterility is a ubiquitous hindrance in rice-wheat 

farming systems that caused serious grain yield reductions (Rerkasem, 1996a; Tiwari, 

1996). In wheat, B deficiency resulted into the formation of sterile floret of wheat 

(Rerkasem, 1996a, b) and this sterility was not only due to B but some other factors may 

also took part in it like heat stress or elevated temperature (Saini and Aspinall, 1982), 

water scarcity (Saini and Aspinall, 1981) and cold temperature (Huang et al., 1996; 

Subedi et al., 1998a). The appropriate and most favorable B concentration in leave of 

wheat is 1.20 mg kg-1 of dry matter (Asad, 2002) and comparative B share in some plant 

parts took place as 6 % in stem, 10 % in grains, 68 % in leaves and only 16 % in roots 

(Subedi et al., 1999). Some time vegetative parts did not exhibit any apparent B 

deficiency symptoms in leaf or growth drop even when the youngest leaves contained < 2 

mg B kg-1 dry matter. 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). Lordkaew and Dell (1997) 

revealed that for successful grain setting, 10 mg B kg-1 dry matter is essential for wheat 

anthers (Rerkasem, 1997; Lordkaew and Dell, 1997). B deficiency in wheat guided 

depressed pollen and anther growth and eventually resulted into decline in grain setting 

and yield (Cheng and Rerkasem, 1993), likewise a variety of in-vitro investigations 
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illustrated that B performed supportive role in pollen tube growth and germination in 

wheat plants as well (Cheng and Rerkasem, 1993; Vasil, 1963; Yokota and Konishi, 

1990). Rerkasem et al., (1997), also revealed that B requirement for reproductive growth 

of wheat is greater than for vegetative growth and a productive wheat floret need 48 mg 

B kg-1 dry matter in anthers with ± 5 to 6 mg B kg-1 dry matter in carpels (Rerkasem and 

Lordkaew, 1996; Rerkasem et al., 1997). Where as carpel’s and anthers contained almost 

2 % of the total ear dry weight, however sequester 4 to 5 % and 6 to 7 % of the B in those 

ears, respectively (Rerkasem and Lordkaew, 1996). Therefore, florets are comparatively 

superior sink for B throughout the growth than other floral parts (Haung et al., 2000).  

4.8.2 Spike length (cm) and number of grains produced per spike 

The spike length and grains per spike of wheat significantly increased with B 

application in both years but the response varied in terms of treatment. The maximum 

length of spikes (cm) during 2006 and 2007 were 10.61 and 10.51 cm with B treatment of 1 

and 1.50 kg ha-1 application, respectively (Table 4.8.2). The data also indicated that when 

spike length increased, then numbers of grains produced in these spikes were significantly 

affected with B doses as results exhibited that the highest grains Nos. during 2006 and 

2007 were 45.67 and 41.33 with B levels of 1 and 1.50 kg B ha-1, respectively. Further, in 

both cases (i.e. spike length and grains per spike), lowest values were obtained from control 

treatment and higher B application levels. In control treatment spike length during 2006 

and 2007 were only 9.57 and 9.05 cm while grains per spike produced were 40.30 and 

36.00, respectively. These findings are in conformity with the results of Wongmo et al., 

(2004) in which they accomplished that B deficiencies caused reduction in grain setting in 

form of decreased number of grain per spike and grains spikelet−1 while in barley, low B 

significantly lower the number of spikelet per spike by 23 to 75 % and also stimulated 

terminal spikelet deterioration. The depressing impacts on anther-length of wheat is owing 

to the B deficit in form of its depletion or removal also projected that B positively perform 

its role in cell walls of reproductive structures which is identical to vegetative growth 

(Huang et al., 2000).  There was a poor correlation amongst flag leaf B and spike. Some 

times in barley genotypes, the low B doses decreased grain setting which eventually 

delayed the emergence of spikes and also lowered the number of spikes per plant however 

at times it resulted into improved tillering and straw weights. In cereals like wheat, B 
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deficiency limits plant reproductive growth more strictly than vegetative growth. B 

removal or absence from the root medium for only three days at pollen and anther 

development or elongation stages badly affect the plant structures and finally resulted in to 

the collapse of pollen viability  (Huang et al., 2000; Cohen and Lepper, 1977). Similarly, 

other researchers also revealed that for successful grain setting, 10 mg B kg-1 dry matter is 

essential for wheat anthers (Lordkaew and Dell, 1997; Rerkasem, Lordkaew and Dell, 

1997). B deficiency in wheat guided depressed pollen and anther growth and eventually 

resulted into decline in grain setting and yield (Cheng and Rerkasem, 1993), likewise a 

variety of in-vitro investigations illustrated that B performed supportive role in pollen tube 

growth and germination in wheat plants as well (Cheng and Rerkasem, 1993). Rerkasem et 

al., (1997), also revealed that B requirement for reproductive growth of wheat is greater 

than for vegetative growth and a productive wheat floret need 48 mg B kg-1 dry matter in 

anthers with ± 5 to 6 mg B kg-1 dry matter in carpels (Rerkasem and Lordkaew, 1996; 

Rerkasem et al., 1997). Where as carpel’s and anthers contained almost 2 % of the total ear 

dry weight, 

Table 4.8.3 Residual or carryover effects of B on number of grains per spike and 
spike length (cm) of wheat during 2006 and 2007. 

B Doses 
(kg ha-1) 

Spike length (cm) Grains per spike 
2006 2007 2006 2007 

0.00 9.57 CD 9.05 D 40.33 EF 36.00 C 
0.25 9.95 ABCD 9.42 CD 40.33 EF 37.00 BC 
0.50 10.10 ABC 9.55 BCD 41.67 DEF 38.67 ABC 
0.75 10.27 AB 9.85 ABC 42.00 CDE 39.33 AB 
1.00 10.61 A 10.20 AB 43.00 BCD 40.33 A 
1.25 10.50 A 10.46 A 44.00 B 40.33 A 
1.50 10.57 A 10.51 A 45.67 A 41.33 A 
1.75 9.95 ABCD 10.40 A 43.67 BC 40.67 A 
2.00 9.68 BCD 9.96 ABC 41.33 DEF 39.00 ABC 
3.00 9.34 D 9.63 BCD 40 F 36.67 BC 
LSD 0.597 0.604 1.627 2.813 
% Increase 
over control 10.87 15.58 13.24 12.03 

 

however sequester 4 to 5 % and 6 to 7 % of the B in those ears, respectively (Rerkasem 

and Lordkaew, 1996). Therefore, florets are comparatively superior sink for B throughout 

the growth than other floral parts (Haung et al., 2000).  
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4.8.3 Thousand-grain weight (g) 

 The grain mass, vitality and heaviness are important factors that determined 

various B responses to wheat. As mentioned above that B application significantly 

affected the grain yield, so here data clearly showed that with B application treatment 

thousand-grain weight was also significantly affected with B application in both years. 

The highest grain weight during 2006 and 2007 were 42.55 and 42.08 g, respectively 

while lowest grain weight during the same study periods were 38.15 and 38.65 g, 

respectively (Figure 4.8.3). In addition to that, wheat crop was also severely affected with 

high B doses as exhibited from data that 2 and 3 kg B ha-1 applications extremely 

declined the grain weight, spike length and number of grains per spike, respectively 

during both the years. These results are also in conformity with the findings of Kataki et 

al., (2001) reported that soil B deficiency induces sterility in wheat and results in poor 

crop yields of legumes and cereals.  

4.8.4 Effect of residual B on plant height (cm) of wheat  

The results depicted in figure 3 showed that residual B had significant effect on 

plant height of wheat in both years and lowest shoot lengths were noted in case of control 

plots (-B treated plots) and maximum plant heights were attained with B treatment plots 

of 1.25 and 1.50 kg B ha-1 in 2006 and 2007, respectively. There was an interesting 

observation in this study that the residual effect of B applied to cotton on wheat was 

significantly appeared on wheat plants in form of plant height especially at B levels of 

1.00, 1.25 and 1.50 kg B ha-1 during first and second years whereas highest B 

applications on cotton at rates of 1.75, 2.00 and 3.00 kg ha-1 badly affect the wheat plant 

in terms of height (Fig. 4.8.3). The results exhibited that B treatments of T1, T2, T3 and T4 

are statistically at par with each other but the plant heights with treatments of 1 to 1.50 kg 

B ha-1 in 2006 was significantly higher than the first four treatments which clearly  
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Figure 4.8.4 Residual effect of B on plant height (cm) and 1000 grain weight (g) of 
wheat during 2006 and 2007. 
indicated that lower B doses applied to cotton had no any significant role in wheat in 

terms of plant height, moreover lower B levels of B were already used by the previous   

cotton crop and the B left behind for wheat is so low that it did not fulfill the 

requirements of the next wheat crop. But higher B levels (i.e. > 1.00 to 3.00 kg B ha-1) 

had significantly affect the wheat crop, first three levels of 1.00, 1.25 and 1.50 kg B ha-1 

had positive effect and remaining three levels (i.e. 1.75, 2 and 3 kg B ha-1) had strong 

negative effect on plant heights. During next year (2007) this trend was again noticed but 

the significant increase in plant height was observed at 1.50 kg B ha-1 level (T7) instead 

of 1.25 kg B ha-1 as obtained in 2006. These results clearly proved that in wheat cotton 

cropping systems, B application to cotton had also significantly effect the next wheat 

crop for almost two years and the B fertilizer had definite residual effect on wheat. This 

study also suggested that B applied to cotton at levels of 1.00 to 1.50 kg B ha-1, and 

subsequently there is no need to apply B on next wheat crop. The results of others 

scientists are also in agreement with theses findings (Subedi et al., 1999; Juliano et al., 

2005) while few researchers reported that B is very beneficial nutrient for the 

reproductive growth of wheat is greater than for vegetative growth and a productive 

wheat floret need 48 mg B kg-1 dry matter in anthers with ± 5 to 6 mg B kg-1 dry matter 

in carpels (Rerkasem and Lordkaew, 1996; Rerkasem et al., 1997).  
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4.8.5 B concentration (mg kg-1) in wheat leaves 

The results showed that 0.05M HCl extractable B concentrations in the surface 

soil (15 cm) of the experimental site was 0.19 mg kg-1 before the start of cotton sowing 

and it remained 0.18 mg kg-1 after cotton harvest in control plots. This low soil B 

concentration was clearly appeared in wheat plant in form of leaf B concentration in 

wheat plants. The results depicted in line graph shows that B concentration in plant 

leaves was improved with B application and the maximum B concentration was observed 

where B was applied to cotton at the rate of 3 kg ha-1 in both years. The highest B 

concentrations 8.76 and 7.54 mg ka-1 in leaves was observed in B treated plots of 3 kg B 

ha-1 application during 2006 and 2007, respectively.  The results in figure 4.8.5 depicted 

that B concentration in leaves of first three treatments were statistically remained at par 

pertaining to each other but soon after that level, B concentration increased significantly 

and the greatest B was acquired from 3 kg B ha-1 during 2006 and 2007. The statistical 

analysis showed that there was a highly significant linear relationship (P < 0.05) between 

soil B application and plant B content during 2006 (R2= 0.96** ) and 2007 (R2= 0.93** ). A 

partial view of the regression equations and linear graph demonstrated that with every 

one unit variation in B application (in the form of B-fertilizer), the rate of change in terms 

of B concentration in leaves during 2006 and 2007 were 0.42 and 0.40 mg kg-1, 

respectively (Figure 4.8.5). Correspondingly, the data showed that the highest B 

applications (to previous cotton crop) evidently resulted into more B uptake by wheat 

plants. More or less comparable results were also obtained by other scientists and their 

findings are well-matched with present results ((Subedi et al., 1997b; Asad, 2002; Subedi 

et al., 1999). They reported that B concentration at flag leaf point was improved with B 

application. They further revealed that the correct B concentration in wheat leaf is 1.20 

mg kg-1 of dry matter (Subedi et al., 1997b; Asad, 2002; Chhipa and Lal, 1989) and, 

regardless the crop, B partition is different in the several organs: 68 % in leaves, 16 % in 

roots, 10 % in grains and 6 % in stem (Subedi et al., 1999). These results are completely 

agreed by Sutton et al, (2007) in which they reported that both low and toxic soil B 

concentrations, globally, exhibited the proverbial limitations to crop production. The 

results of Juliano et al. (2005) are also in accordance with theses findings. 
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Figure 4.8.5 B concentration (mg kg-1) in leaf during 2006 and 2007. 

His results further explained that triticale and wheat genotypes responded well to B 

application and maximum absorption and uptake was took place in wheat crop and B 

toxicity promoted 15-17% reduction in both (i.e. tissues of leaf and root), with the 

stronger action of glutamate dehydrogenase enzyme in leaves (Jiang and Miles, 1993) 

and occasionally the production of a sugar-borate complex (Yokota and Konishi, 1990). 

The proper and optimum B concentration in wheat leaf is 1.20 mg kg-1 of dry matter 

(Asad, 2002) and relative B distribution in some plant parts occurred as only 6 % in stem, 

10 % in grains, 68 % in leaves and only 16 % in roots (Subedi et al., 1999). Some time 

vegetative parts did not exhibit any apparent B deficiency symptoms in leaf or growth 

drop even when the youngest leaves contained < 2 mg B kg-1 dry matter. Lordkaew and 

Dell (1997) revealed that for successful grain setting, 10 mg B kg-1 dry matter is essential 

for wheat anthers (Rerkasem, Lordkaew and Dell, 1997). B deficiency in wheat guided 

depressed pollen and anther growth and eventually resulted into decline in grain setting 

and yield (Cheng and Rerkasem, 1993), likewise a variety of in-vitro investigations 

illustrated that B performed supportive role in pollen tube growth and germination in 

wheat plants as well (Cheung, 1996; Cheng and Rerkasem, 1993). Rerkasem et al., 

(1997), also revealed that B requirement for reproductive growth of wheat is greater than 

for vegetative growth and a productive wheat floret need 48 mg B kg-1 dry matter in 

anthers with ± 5 to 6 mg B kg-1 dry matter in carpels (Rerkasem and Lordkaew, 1996; 

Rerkasem et al., 1997). Where as carpel’s and anthers contained almost 2 % of the total 
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ear dry weight, however sequester 4 to 5 % and 6 to 7 % of the B in those ears, 

respectively (Rerkasem and Lordkaew, 1996). Therefore, florets are comparatively 

superior sink for B throughout the growth than other floral parts (Haung et al., 2000). The 

mechanism of differential B tolerance in wheat is absolutely the result of irregularity of B 

in uptake via root. It seems that B susceptibility and tolerance to excess B is entailed in 

divergence in B uptake that guided to differentiations in B distribution within the plant 

components (Cartwright et al., 1987). 

4.8.6 Residual or carryover impacts on boron uptake by wheat 
Total B uptake by wheat plants showed that the minimum B uptake (29.66 g ha-1) 

was obtained during first year (2006) from control and the highest was 47.18 g ha-1 found 

at 1.25 kg B ha-1 level and after that it again diminished significantly at higher B levels (3 

kg B ha-1), and at that level total B uptake was only 30.55 g ha-1 (Table 4.8.4). The B 

concentration data (Figure 4.8.5) showed that the maximum B concentration was present 

in higher B treated plants but there was a harsh reduction in the dry matter yield owing to 

B toxicity which ultimately reduced the B uptake in high B treated plants. Nearly 

comparable development was noticed again during 2007 and B uptake by wheat plants 

considerably influenced by B application. The minimum B uptake by wheat plant were 

obtained from control (28.44 g ha-1) while the highest B uptake (47.69 g ha-1) was 

observed with B treatment of 1.50 kg B ha-1 and then subsequently it decreased again at 3 

kg B ha-1 (34.61 g ha-1). 

Table 4.8.4 Total B uptake (g ha-1) by wheat as affected by B applied to previous 
cotton. 

B doses (kg ha-1) 2006 2007 
0.00 29.66 28.44 
0.25 32.18 28.96 
0.50 34.25 30.22 
0.75 39.77 33.15 
1.00 42.23 34.69 
1.25 47.18 47.52 
1.50 44.11 47.69 
1.75 40.89 45.12 
2.00 37.74 36.25 
3.00 30.55 34.61 

4.8.7 Effect of B on protein content of wheat 

 The results showed that B application had no any significant effect on protein 

content of wheat during both of the years (2006 and 2007) when we compared B doses  
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Figure 4.8.6 Protein content (%) in wheat grains as affected by B application. 

Figure 4.8.7 Effect of B fertilization on quality parameters (ash %, fat % and fiber 
content %) of wheat flour during both years. 
with control. But surprisingly the highest B levels of 2 and 3 kg B ha-1 significantly 

affected (P < 0.05) protein content of wheat and lowest protein contents (11.17% and 

12.00%) were obtained from B treatment of 3 kg ha-1 and 2 kg ha-1 application, 

respectively while highest protein contents (14.90%) were noticed with 1 kg B ha-1 

treatment in 2006. Similarly in 2007, lowest protein content of wheat were 10.19 and 

12.43% which were obtained from 3 kg B ha-1 and 2 kg B ha-1, respectively, while 
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maximum protein content (14.94%) were obtained from 0.75 kg B ha-1 rate. This 

decrease in protein content might be due to high B toxicity in wheat plants, which disturb 

the nutrient balance and also affect the N and other sugar (carbolydrates, glucose, 

tructose) assimilates to the grain in presence of high B applications. The data revealed 

that carry over or residual B significantly affect protein content of wheat and highest 

protein content were observed in treatment plot of 1.50 kg B ha-1 while lowest was 

observed in 3 kg B ha-1. When compare with control (-B) plots, residual B plots of 1 kg B 

ha-1 statistically significant (P <0.05) and protein content increased from 13.31% (control 

plots to 14.54% (1 kg B ha-1 plots). Likewise, the higher B levels (2 and 3 kg B ha-1) 

significantly lower down the protein content in both years, which clearly indicated that 

high B doses have more residual and toxic effect that remained for the duration of next 

crop. Thus, if higher levels of B were used for cotton, then for wheat crop there is no any 

need of B application and if possible, one heavy irrigation with good quality irrigation 

water (canal) should be used to leach down the extra toxic amount of B which remained 

in soil after cotton. The B application is dependent on the type of texture, amount of OM, 

soil pH, CaCO3 and crop type (whether it is dicot or monocot) and for best management 

of B fertilization, B application should be based on the soil and plant analysis. 

CONCLUSIONS 

Soil B concentration gradually increased from 0.17 mg kg-1 (control) to 0.36 mg 

kg-1 (3.00 kg B ha-1) after cotton harvest. When average of three years soil B 

concentrations were compared, the highest 0.31 mg kg-1 was found in B treated plots of 3 

kg ha-1 while the minimum 0.16 mg kg-1 was in control and 0.25 kg ha-1 B-treated plots. 

The highest grain yield of 4.70 and 4.58 t ha-1 were obtained from B treated plots of 1.50 

kg B ha-1 during first and second years, respectively while the minimum 3.71 and 3.95 t 

ha-1 was obtained from control and 3 kg B ha-1 treated plots, respectively. No toxic effect 

of residual B was observed on wheat during both years. 

4.9.1 Index for determination of B responses 

The boron index quantitatively finds out the relative fertility status of B 

from a given soil by considering many soil factors that govern B deficiency or 

adequacy. The B indexing can help researchers and farmers to assess management 

strategies to minimize B deficiency or toxicity losses from agricultural areas. For 
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the categorization of soil and plant samples into low, medium and high as well as 

extremely deficient, moderately deficient and sufficient classes, respectively, the 

authentic critical limits were used. The concentration of B in the cotton and wheat 

leaves varied from 6.46-95.36 and 1.50-14.40 mg kg-1, respectively. The average 

mean of B in cotton and wheat leaves were 37.8±21.8 and 8.9±1.2 mg kg-1, 

respectively (Table 4.9.1).  

Table 4.9.1 Index of boron for cotton and wheat plants based on study-I 
Crops Range Mean±SD Samples (%) Nutrient index 

value (NIV) 
Status 

Low Medium High   
Cotton 6.46-95.36 37.8±21.8 73 27 0 1.27 Low 
Wheat 1.50-14.40 8.9±1.2 79 21 0 1.21 Low 

Using the critical limits given in Table 3.4.1.2, 73 and 27% leaf samples of 

cotton crop grown in cotton areas were extremely deficient and moderately 

deficient in B, respectively. Similarly, 79 and 21% leaf samples of wheat crop 

were extremely deficient and moderately deficient in B, respectively. The 

calculated B index values for cotton and wheat crops were 1.27 and 1.21 and 

overall fertility status was low. The index values of organic carbon and boron 

content of soils indicated that 0.05M HCl extractable B ranged from 0.11- 1.07 mg 

kg-1 with a mean value of 0.32±0.14 mg kg-1 and were categorized as 82 % low, 15 

% medium and 3% high in plant available B concentration. The calculated B index 

value was 1.21 and overall fertility status was low (Table 4.9.2). 

Table 4.9.2 Indexing of organic carbon and boron content of soils 
 

Element Range Mean±SD Samples (%) Nutrient index 
value (NIV) 

Fertility 
class Low Medium High 

Organic 
carbon 
(%) 

0.13-0.74 0.31±0.15 75  25 0 1.25 Low 

Boron 0.11-1.07 0.32±0.14 82  15 3 1.21 Low 
 
The results showed in Table 4.9.3 revealed that B application on cotton at 0-0.75, 0.75-

1.75 and >1.75 kg ha-1 were considered as low, optimum and toxic levels for cotton 

production. Seed cotton yield increased up to 16% with optimum level (0.75-1.75 kg ha-
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1). Similarly B concentrations of cotton were categorized as 18% low, 65% medium and 

17% high whereas in wheat, they were categorized as 20% low, 20% medium and 60% 

high.   

Table 4.9.3 B fertilizer application (kg ha-1) index for low, optimum and toxic 
responses in cotton and wheat crops based on field studies 

Crops Low Optimum Toxic Remarks 
Cotton 

0.00-0.75 0.75-1.75 >1.75 
Yield increase up to 16% with 
optimum level 

Wheat 
0.00-0.50 0.50-0.75 >0.75 

Yield increase up to 11% with 
optimum level 

 

The B index values for cotton and wheat crops of field studies were 1.99 and 2.40, 

respectively (Table 4.9.3). These values were somewhat higher than survey studies. In 

this case B application at higher rates (i.e. >1.75 kg ha-1 in cotton and >0.75 kg ha-1 in 

wheat) caused toxicity and due to this higher leaf B content, B index values increased 

(Table 4.9.4). B content in cotton ranged from 20-30, 30-40, 40-50 and 50-60 mg kg-1 

and these ranges were present in only 6, 4, 6 and 2 number of samples, respectively 

which was 33.3, 22.2, 33.3 and 11.1 % of overall eighteen plots. B content in wheat 

ranged from 3-4, 4-5, 5-6 and 6-7 mg kg-1 and these ranges were present in only 1, 1, 2 

and 2 number of samples, respectively which was 17, 17, 33 and 33 % of all the plots. 

Table 4.9.4 Index determination for boron concentration in cotton based on field 
studies 

Crops Samples (%) Nutrient index value  
(NIV) 

Status 
Low Medium High 

Cotton 18  65 17 1.99 Sufficient 
Wheat 20  20 60 2.40 Toxic 

 
Table 4.9.5 Index for optimum B level on the basis of field study (number of 
observations in which B application increased the yields of cotton)  

B concentrations 
(mg kg-1) of cotton 
leaves at optimum 
yields 

No. of 
Samples 

% age B concentrations 
(mg kg-1) of 
wheat leaves at 
optimum yields 

No. of 
Samples 

% age 

20-30 6 33.33 3-4 1 16.70 
30-40 4 22.22 4-5 1 16.70 
40-50 6 33.33 5-6 2 33.30 
50-60 2 11.11 6-7 2 33.30 
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SUMMARY 

 
Cotton (Gossypium hirsutum L.) is an important cash crop of Pakistan that is also 

known as white gold in the economy of country whereas wheat (Triticum aestivum L.) is 

the world’s leading cereal crop. It is frequently consumed as staple food product of 

almost hundred percent Pakistani nationals as well as about 1/3rd population of the world. 

Wheat and cotton yields in Pakistan have been stagnant during the previous decade due to 

improper fertilizer management and lack of use of micronutrients specially boron. Boron 

(B) is implicated directly and indirectly in numerous plant functions, as it involves in 

growth of cells in newly emerging shoot and root while in some plants it is crucial for 

boll formation, flowering, pollination, seed development and sugar transport synthesized 

by the different plant components. B is differed from other microelements because there 

is a very narrow range between its adequacy and toxicity. This study was initiated to 

explore the B status of soils under wheat-cotton cropping system, to assess the B content 

present in canal and tubewell waters, to determine various B fractions present in high pH 

and calcareous soils of Pakistan, to assess the responses of cotton and wheat crops to soil 

and foliar B application under field conditions and to find out the residual or carry-over 

effect of B on wheat crop. 

1. Soil samples were collected and analyzed for soil physico-chemical properties (like 

pHs, texture, ECe, CaCO3, OM and extractable B concentration) from eighty-one sites of 

wheat-cotton growing districts of Punjab. Almost all the soils were calcareous in nature 

(92 % area), alkaline in reaction (83 % area had pH > 8) and low in fertility (100 % area 

had OM < 1 %. In case of soil B content, 82 % soils were deficient (0.10 to 0.45 µg g-1), 

15 % adequate (0.46 to 0.55 µg g-1) and only 3 % soil samples were sufficient (0.56-0.91 

µg g-1) in plant available soil B. Soil texture also affected soil B content and more B was 

observed in the fine textured soils (28 % area) than medium (42 % area) and coarser (30 

% area) soils. The average soil B content during 2006 and 2007 was 0.32±0.14 and 0.37 

± 0.24 mg kg-1, respectively. Soil B had low but positive correlations with OM (r = 0.38 

at P < 0.05) and clay content (r = 0.10) while it was negatively correlated with pH (r = -

0.35 at P < 0.05) and CaCO3 (r = -0.66). Plant analysis revealed that average B 

concentrations during 2006 and 2007 in wheat leaves were 8.86 and 4.41 mg kg-1, 

CH A P TE R  CH A P TE R  CH A P TE R  CH A P TE R  ––––     5555     
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respectively while in cotton 37.78 and 15.83 mg kg-1, respectively. Simple correlation 

analysis showed that 0.05 M HCl extractable B had positive correlations with wheat (r = 

0.72 at P < 0.05) and cotton (r = 0.75 at P < 0.05) plant B content. 

2. Irrigation water is supplied through either canal system or groundwater (tubewell).  

Boron present in small quantity in irrigation waters (whether it is canal or tubewell) is 

added to soil but in Pakistan this nutrient has profoundly been overlooked. Water samples 

were collected and analyzed for pH, electrical conductivity (EC), total soluble salts (TSS) 

and B concentration, from different canals and their distributaries. Water pH, EC and 

TSS varied from 7-8.55, 0.15-2.74 dS m-1 and 96-1750 mg L-1, respectively with the 

mean values of 7.70 ± 0.40, 0.85 ± 0.62 dS m-1 and 544 ± 394 mg L-1, respectively. B 

concentration in canal water samples varied from 0.01 to 0.55 mg L-1 with an average 

value of 0.14 ± 0.10 mg L-1 during winter season. B concentration slightly increased 

during monsoon season as compared to winter season with a mean value of 0.20 ± 0.13 

mg L-1. Simple correlation analysis clearly showed that EC of water (r = 0.74**  at P 

<0.05) had significant correlation with B concentration. B concentration in tubewell 

water samples varied from traces to 1.29 with a mean of 0.30 ± 0.27 mg L-1. The average 

B concentration and EC were 0.31±0.31 and 1.74±0.84 d Sm-1, respectively. B 

concentration was more in tubewell waters as compared to that in canal waters. 

3. Twenty different soils were used to conduct this fractionation study located in the 

wheat-cotton growing areas of Punjab, Pakistan. These soils were sampled from four soil 

orders including Aridisols, Entisols, Alfisols and Inceptisols. The total soil B content 

varied from 15.61 to 152.80 mg kg-1 with an average of 73.29±36.3 mg kg-1 and this total 

B was fractionated into five different fractions named as 0.05 M HCl extractable B (B0), 

0.05 M KH2PO4 exchangeable B (B1), 0.02 M HNO3-H2O2 (30%) extractable B (B2), 

0.19 M NH4-Oxalate extractable B (B3) and the residual B (B4). For readily available B, 

ten different extractants (hot water, 0.05 M HCl, 1:2 water, 1:1 water, 0.018M CaCl2 

(cold), 0.005 M DTPA, 0.018 M CaCl2 (hot) + 0.05 M mannitol, 1 M NH4 OAc, 0.25M 

sorbitol-DTPA and 0.25 M NH4-Oxalate) were used. The highest mean readily available 

B (0.32±0.12 mg kg-1) was obtained by hot water extraction followed by 0.05M HCl 

extraction (0.31± 0.12 mg kg-1), and 1:2 water extraction (0.30 ± 0.11 mg kg-1) whereas 

the lowest was obtained by 0.25 M NH4-oxalate (0.22 ± 0.06 mg kg-1) extraction. The 
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correlation between hot water and 0.05M HCl extractable B was significantly higher (r 

=0.99**  at P<0.01) than all other extractants used in this determination. The maximum B 

fraction was observed as residual B and it varied from 14.76 to 148.02 mg kg-1 with an 

average value of 70.50±35.6 mg kg-1. The B0, B1, B2 and B3 fractions comprised only 

0.17 to 2.37, 0.13 to 4.63, 0.51 to 5.73, 0.00 to 4.33 % of total soil B content, 

respectively; whereas residual B (B4) fraction (90.68 to 98.29%) had the highest fraction 

of total soil B. The soils with more clay content also had more total B content than coarse 

textured soils. 

4. Field experiments were conducted at three different textured soils (loam, sandy clay 

loam and silt loam) to assess the responses of cotton to soil application of B in alkaline 

calcareous soils. Ten rates of B as boric acid were applied to soil at sowing along with 

recommended NPK fertilizers for cotton. The highest numbers of bolls per plant (38 

bolls) were produced with 1.25 kg B ha-1 at loam soil, whereas 1 kg B ha-1 produced the 

maximum bolls as 34 and 36 at sandy clay loam and silt loam, respectively. The lowest 

numbers of bolls per plant at loam (31 bolls), sandy clay loam (28 bolls) and silt loam (26 

bolls) were obtained with 3 kg B ha-1 followed by the control plots at all three sites. 

Similarly, the seed cotton yield increased over control by 19.4, 13.2 and 19.7 % during 

first year with 1.25, 1.75 and 1 kg B ha-1, while during 2007 the increase was 17.8, 15.6 

and 12.4 % at B applications of 1.25, 1.75 and 1.00 kg ha-1 at loam, sandy clay loam and 

silt loam soils, respectively. B concentration in cotton leaves increased with increasing B 

application during both the years and at all the sites. B concentration varied from 12 to 57 

(mean 38.20 ± 15.29), 15 to 61 (mean 36.44 ± 14.47) and 17 to 68 mg kg-1 (mean 39.47 ± 

18.58) at loam, sandy clay loam and silt loam soils, respectively. However, during next 

year, B content was more increased as compared to first year and it ranged from 15-68 

(mean of 41.15 ± 18.37 mg kg-1), 14-72 (mean of 37.60 ± 20.90 mg kg-1) and 19-86 mg 

kg-1 (mean of 48.61 ± 24.57 mg kg-1) at loam, sandy clay loam, and silt loam soils, 

respectively. There was a significant linear relationship (at P < 0.05) between soil B 

application and plant B content at loam (R2= 0.87** ), sandy clay loam (R2= 0.97** ) and 

silt loam soils (R2= 0.94** ), respectively during 2006. Total B uptake significantly 

improved with B application at all the sites and in both the years. During 2006, the 

greatest B uptake at loam, sandy clay loam and silt loam were 85, 116 and 126 g ha-1 with 
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3, 3 and 2.00 kg B ha-1, respectively. The linear relationship and regression analysis 

showed that the total B uptake at loam (R2= 0.98**  at P<0.05) and sandy clay loam (R2= 

0.99**  at P<0.01) had the significant linear relationship with B application levels. During 

2007, B uptake significantly (at P < 0.05) enhanced with B application at all the sites and 

the utmost total B uptake at loam, sandy clay loam and silt loam were 128, 122 and 130 g 

ha-1, respectively with B application levels of 3, 1.75 and 3 kg ha-1, respectively. 

5. In foliar B application, five B levels were used at loam and silt loam soils along with 

all other recommended nutrients (NPK) were applied before sowing. Foliar sprays were 

performed on cotton before flowering, at flowering and at boll formation stages. Foliar B 

application significantly increased the boll production and retention during both the years 

at both sites. The highest number of bolls at loam (34 boll plant-1) and silt loam (32 boll 

plant-1) were obtained with foliar B application levels of 0.75 and 0.50 kg B ha-1, 

respectively while the lowest were obtained from control plots during 2006. During 2007, 

the highest number of bolls per plant at loam (34 boll plant-1) and silt loam (35 boll plant-

1) were noticed at 1.00 and 0.75 kg B ha-1, respectively while the lowest were obtained 

from control. The average boll weight significantly increased over control by 11.21 and 

11.80 % with foliar B application of 0.75 kg ha-1 during 2006 year while during 2007, 

this increase was 10.57 and 10.10 % with the same B level of 0.75 kg ha-1 at loam and silt 

loam soils, respectively. The highest seed cotton yields (average of two years) at loam 

(3.29 t ha-1) and silt loam soils (3.11 t ha-1) were obtained with 0.50 kg B ha-1 while the 

lowest yields of 2.32 and 2.51 t ha-1 were obtained from check plots at loam and silt loam 

soils, respectively. The highest leaf B concentrations were obtained with 1.00 kg B ha-1 

and the minimum were in control. The maximum B uptake during 2006 at loam and silt 

loam soils were noticed as 196 and 247 g B ha-1 at 1.00 kg B ha-1 and 0.75 kg B ha-1 

levels, respectively and the minimum uptake was obtained from control plots. 

Conversely, during 2007, B uptake at loam (259 g B ha-1) and silt loam (284 g B ha-1) 

were at levels of 0.75 kg B ha-1 and 1 kg B ha-1, respectively and the minimum uptake 

was obtained from control plots. 

Field experiments were conducted to determine the responses of wheat to soil B 

application in alkaline calcareous soils. Ten rates of B as boric acid were applied to soil 

at sowing along with recommended NPK fertilizers for wheat. B application significantly 
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increased the number of grains per spike during both years and there was almost 8 % 

increase over control in numbers of grains per spike with B application of 0.75 kg ha-1, 

during both years. B level of 0.75 kg ha-1 significantly increased the 1000-grain weight 

(42.25 g), however the higher B application (3 kg ha-1) significantly reduced the 1000-

grain weight (32.12 g), during both years. The maximum grain yield of 4.26 t ha-1 was 

obtained with 0.75 kg B ha-1 followed by 4.24 t ha-1 with 0.50 kg B ha-1 during 2006, 

while the lowest grain yield of 3.05 and 3.09 t ha-1 was obtained with 3 and 2 kg B ha-1 

application, respectively showing toxic effects of B. The utmost straw yield (8.12 t ha-1) 

was obtained from 1.50 kg B ha-1 while the lowest straw yield (6.78 t ha-1) was observed 

with control treatment. During 2007, the uppermost grain yield of 4.23 t ha-1 was 

harvested with 0.75 kg B ha-1, while the minimum of 3.04 t ha-1 with 3 kg B ha-1. B 

application improved the grain yield by around 6, 9.60 and 6 % with 0.50, 0.75 and 1 kg 

B ha-1, respectively. The higher rates of 2.00 and 3.00 kg B ha-1 showed a toxic effect and 

decreased yield during 2006 and 2007. B concentration in plant leaf was increased with 

increasing B application and the highest leaf B concentrations 13.50 and 13.11 mg ka-1 

was obtained from 3.00 kg B ha-1 application during 2006 and 2007, respectively. 

Significant linear relationship (P < 0.05) between soil B application and plant B content 

during 2006 (R2= 0.97** ) and 2007 (R2= 0.98** ) was found. In the case of grains, B 

content of grain were significantly affected by B applications and the maximum B 

concentrations of 0.83 and 1.00 mg kg-1 was attained with 3 kg B ha-1, during 2006 and 

2007, respectively. Whilst the lowest of 0.34 and 0.40 mg kg-1 was observed in control 

plots during 2006 and 2007, respectively. During 2006 and 2007, total B uptake by wheat 

plants varied from 33 and 35 g ha-1 (in control) to 63 and 65 g ha-1 (in 0.75 and 1.00 kg B 

ha-1), respectively. However, the highest B application (3 kg ha-1) significantly decreased 

the B uptake that might be due to the B toxicity. No effect of B on protein content was 

found. 

Foliar B application on wheat significantly increased the number of grains per spike (48), 

spike length (10.42 cm) and 1000-grain weight (43.52 g) at levels of 0.50, 0.50 and 0.75 

kg ha-1, respectively, during 2006. Whereas during next year, the maximum number of 

grains per spike (48), spike length (9.75 cm) and 1000-grain weight (42.01 g) were 

obtained with foliar B application of 0.50, 0.75 and 0.75 kg ha-1, respectively. Both grain 
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and straw yields were significantly affected by foliar B application. The highest grain 

yields of 4.80 t ha-1 followed by 4.63 t ha-1 were obtained with foliar sprays of 0.75 and 

0.50 kg B ha-1, respectively but the straw yields at B levels of 0.75 and 1 kg B ha-1 were 

significantly higher than all other treatments during 2006. This study also revealed that 

grain and straw yields increased over control by 21 and 36 %, respectively with the foliar 

B application. The lowest grain and straw yields were achieved from control during both 

years. Wheat plant B content was increased with increasing B application and the highest 

B concentrations of 18.50 and 24.60 mg ka-1 was obtained from highest B application 

level of 1 kg ha-1 during 2006 and 2007, respectively. A significant linear relationship (P 

< 0.05) between foliar B application and plant B content was observed during 2006 (R2= 

0.98** ) and 2007 (R2= 0.97** ). Total B uptake by wheat crop was significantly affected by 

foliar B application and the highest B uptake was observed with B treatment of 1 kg B ha-

1 application and it enhanced from 31 g ha-1 (control) up to 45 g ha-1 (1.00 kg B ha-1) 

during first year 2006 and from 29 g ha-1 (control) to 45 g ha-1 (1 kg foliar B ha-1)) during 

2007.  

This study was conducted to assess the residual effect of B on wheat in alkaline 

calcareous soils. Ten B treatments as boric acid were applied to cotton and after cotton 

harvest wheat was sown as a test crop without B application but all other nutrients were 

applied at recommended rates. Soil samples were taken before sowing and after 

harvesting of each crop. Soil B concentration gradually increased from 0.17 mg kg-1 (at 

control) to 0.36 mg kg-1 (at 3.00 kg B ha-1) after cotton harvest. A significant increase in 

soil B level treated with B rates of 1.50 to 3.0 kg ha-1 was observed. The average highest 

soil B concentration of 0.24 mg kg-1 was obtained after first year cotton harvest (2006) 

followed by second year i.e. 2007 (0.21 mg B kg-1) whilst the lowest soil B concentration 

of 0.19 mg kg-1 was obtained during 2008. When average of three years soil B 

concentrations were compared, the highest 0.31 mg kg-1 was found in B treated plots of 3 

kg ha-1 while the minimum 0.16 mg kg-1 was in control and 0.25 kg ha-1 B-treated plots. 

Soil B concentration during the years of 2006, 2007 and 2008 in 3 kg B ha-1 plots were 

0.36, 0.30 and 0.26 mg kg-1, respectively whereas in control plots were 0.17, 0.16 and 

0.15 mg kg-1, respectively. The maximum length of spikes (10.61 and 10.51 cm) and 

number of grains (45.67 and 41.33) during 2006 and 2007 were obtained from 1 and 1.50 
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kg ha-1 B treated plots, respectively. No toxic effect of residual B was observed on wheat 

during both years. The highest grain yield of 4.70 and 4.58 t ha-1 were obtained from B 

treated plots of 1.50 kg B ha-1 during first and second years, respectively while the 

minimum 3.71 and 3.95 t ha-1 was obtained from control and 3 kg B ha-1 treated plots, 

respectively. Straw yield of wheat was significantly affected by residual B and the 

highest straw yield was obtained with 1.5 kg B ha-1 (8.38 t ha-1) and 2 kg B ha-1 (8.56 t 

ha-1) from first and second wheat crops, respectively while the lowest (6.78 and 5.97 t ha-

1) were obtained from control plots. There was a highly significant linear relationship (P 

< 0.05) between residual B level and plant B content of first wheat crop (R2= 0.96** ) and 

second wheat crop (R2= 0.93** ). After first harvest, the highest B uptake of 47.18 g ha-1 

was obtained from 1.25 kg B ha-1 treated plots and the minimum of 29.66 g ha-1 was from 

control plots. While after second wheat crop, the highest B uptake of 47.69 g ha-1 was 

observed in 1.50 kg B ha-1 treated plots and the minimum was noted in control (28.44 g 

ha-1).  
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MAIN FINDINGS OF THE RESEARCH STUDIES 

1. Soils of 92, 83 and 100 % area were calcareous in nature, alkaline in reaction (pH > 

8) and low in OM (< 1 %), respectively. Whereas 82 % soils were deficient (0.10 to 

0.45 µg g-1) and 15 % adequate (0.46 to 0.55 µg g-1) while only 3 % were sufficient 

(0.56-1.22 µg g-1) in plant available B.  

2. Almost 91 % plant samples of wheat and 88 % those of cotton were deficient in B.  

3. Mean B content in canal water was more during monsoon season (20±0.13 mg L-1) as 

compared to that during winter season (0.14±0.10 mg L-1). B concentration was more 

in tubewell waters (0.30 ± 0.27 mg B L-1) as compared to that in canal waters. 

4. Total B content in twenty soil series varied from 15.61 to 152.80 mg kg-1 with an 

average of 73.29 ± 36.3 mg kg-1.  

5. This total B was fractionated into five different fractions viz 0.05 M HCl extractable 

(B0), 0.05 M KH2PO4 exchangeable (B1), 0.02 M HNO3-H2O2 (30%) extractable (B2), 

0.25 M NH4-oxalate extractable (B3) and the residual (B4). The proportionate 

distribution of boron fractions as B0, B1, B2, B3 and B4 were 0.45, 1.03, 1.62, 0.71 and 

96.19 % of the total soil B content.  

6. The best soil applied B rate for increased seed cotton yield at silt loam, loam and sand 

clay loam soils was 1, 1.25 and 1.75 kg B ha-1 whereas 3 kg B ha-1 produced toxicity 

and decreased the yield. 

7. The significant rate of B for foliar B application on cotton at both loam and silt loam 

soil was 0.50 kg B ha-1. 

8. The optimum rate of B for soil application to wheat crop was 0.75 kg B ha-1 whereas 

2 and 3 kg B ha-1 caused significant decrease in yield due to toxicity in both the years. 

9. There was a significant residual effect of B on wheat yield and no toxic effects were 

noted in residual study. 

10. A significant increase in soil B concentration was observed when it was treated with 

B rates of 1.50 to 3.0 kg ha-1. 
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THE WAY FORWARD/FUTURE RESEARCH NEEDS 

In relation to hi-tech scenario, there is strong need to develop information about B-

fertilization for site-specific nutrient management (especially in high pH and calcareous 

natured soils). The use of B fertilizer and management in wheat-cotton cropping system, 

should be adopted in other crops especially vegetables and orchards. 

1. A detailed survey regarding soil B status in different agro-ecological regions keeping 

in view the basic soil characteristics. 

2. B studies are needed to be conduct on salted soils and exploration of B interactions 

with other macro and micronutrients especially Ca, N, P, K and Zn in alkaline 

calcareous soils needs special attention. 

3. Breeding and promotion of crop varieties that grow well in B-stress or excess 

conditions seeks special consideration. 

4. B content in sewage waters and industrial effluents should be considered before B-

fertilization experiments especially when this water is to be used for irrigation 

purposes. Moreover complete analysis of sewage water, city wastes, 

factories/industrial effluents and industrial ash content are still unexplored in most 

parts of the world and especially in Pakistan. 

5. Identification of the environmental impacts of B on drinking water and vegetables 

produced from sewage waters is to be explored. 

6. Assessment of B fertilization through fertigation, drip irrigation and side-dressing 

needs attention. 

7. Boron fertilizer use should be complete soil test based and crop specific. 
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