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Abstract 

The application of boron (B) and phosphorus (P) is a major issue worldwide. In addition, 

most of the Pakistani soils fail to supply sufficient B and P to growing plants because of 

calcareous nature of soils. Conversely, a few bacteria have been reported as B tolerant but 

their characteristics for enhancing nutrients supply to plants have not been studied yet. 

Likewise, bioaugmentation along with mineral fertilizer is attracting worldwide scientific 

community. In this scenario, the application of controlled-release fertilizers reduces 

nutrient losses and improves nutrient use efficiency (NUE). A reduction of about 20-30% 

of the recommended dose of commercial fertilizer can be obtained by the use of controlled-

release fertilizers while maintaining same crop yield. The current research work is therefore 

aimed to develop a coated fertilizer for simultaneous application of B, P and bacteria to 

achieve maximum benefits by reducing fertilizer losses. For this purpose, first of all, six 

pre-isolated bacterial strains (S-5, MN-34, MN-42, MN-17, MN-54 and MN-13) were 

screened however, the Bacillus sp. strain MN-54 was found to be the most tolerant to higher 

levels of B. In the next step, effect of molasses and B concentrations was determined on P 

solubilization and auxin production by the strain MN-54. It was found that P solubilization 

was improved by increasing molasses concentration from control to 1% in NBRIP medium, 

whereas B did not significantly change P solublization by the strain MN-54 at tested 

concentrations (0-180 mM B). The bacterium was also capable of auxin, siderophores and 

1-aminocyclopropane-1-carboxylate (ACC) deaminase production. Moreover, temporal 

release of B and P in soil was improved up to 37 and 30%, respectively, in native soil in 

the presence of strain MN-54, which further resulted in improved growth of canola. These 

findings led to the development of 0.5, 1 and 1.5% organically-complexed bioaugmented 

boron coated DAP fertilizer formerly named as DAP-B. The experiment conducted to 

investigate the temporal release of DAP-B formulations elucidated that the availability of 

B was improved by increasing the amount of B on coated product. It was also noted that 

50 and 75% application of 1.5% DAP-B showed slower but higher release of P compared 

to conventional fertilizer, while B was readily available. After that, a pot experiment 

followed by a field experiment were conducted to investigate the effectiveness of different 

formulations of DAP-B over conventional fertilizers (DAP and boric acid) by analyzing 

the growth, physiology, yield, quality and oil content of Brassica napus (canola) and 

Brassica juncea (mustard). For this purpose, three formulations of 0.5, 1 and 1.5% DAP-

B were investigated at four different levels i.e. 25, 50, 75 and 100% compared to 

recommended level of DAP. Considerable increase in growth, physiology, yield, quality, 

B and P concentration in grains and oil content of aforementioned crops was observed in 

treatments where any of the three formulations of DAP-B were applied at recommended 

rates compared to conventional DAP. However, 1.5% DAP-B applied at 75% of the 

recommended dose of DAP was found most effective for both crops under observation 

compared to other treatments. In inference, the present approach not only enhances plant 

growth, yield and oil content but also brings environmental and economic benefits as, a 

complex fertilizer becomes available to plants by reducing fertilizer losses. Furthermore, 

availability of mechanical fertilizer minimizes the labor cost due to single application of 

aforementioned nutrients (B, P) at once.  
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CHAPTER 1                                 INTRODUCTION 

 

Among the essential material requirements of mankind, the principal need is proper 

supply of air, water and nutrients. People breathe in an atmosphere where there is free 

availability of air to everyone. Conversely, food and water supply is restricted and not 

evenly distributed. Besides physical access, good quality of these materials is also 

mandatory. Malnutrition and diseases have severely affected mankind since the dawn of 

history. During centuries, there have been eras of famine causing distress and 

malnourishment, making the control of hunger and diseases a perpetual challenge. Until 

about 18th century, food was only available to some people as average yield was very low. 

The major problems were less soil fertility (generally caused by nutrients’ depletion) and 

excessive yield losses due to several crop pests and diseases. During mid-nineteenth 

century, discovering the nutritional requirements of crops was effective in reducing hunger 

caused by malnutrition. As mineral fertilizers were developed, the significance of manures 

was stressed for supplementing poor or low fertility soils with required plant nutrients 

(FAO, 2006). 

On the other hand, it would not be overkilled to say that the food we eat today has 

sparse nutritional value compared to those produced decades ago. The major offender in 

this disconcerting nutritional drift is soil depletion along with imbalanced use of fertilizers 

as macronutrients are applied but micronutrients are being ignored. Yet, the significance 

of micronutrients is irrefutable. Same scenario has been observed in case of boron which 

has become deficient in more than 65% Pakistani soils under different agro-ecological 

conditions and it is still being snubbed by the farmer (Rashid, 1994; Ahmad et al., 2012). 

Boron (B) is a unique non-metal micronutrient, which plays important role in the growth, 

productivity and oil content of crops. It was first described as a micronutrient in 1923 by 

Warrington when he studied the effect of boron on plants cell structure and declared it an 

essential element for plants. It plays important role in respiration, sugar translocation, cell 

wall synthesis, cell wall integrity and lignification, carbohydrate, phenol, IAA and RNA 

(ribonucleic acid) metabolism and also as a component of cell membrane (Ahmad et al., 

2009). Boron has more significance in plants’ reproductive development compared to their 

vegetative growth as it is involved in pollen development and flower initiation etc. The 
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contribution of B towards nutrients uptake and yield improvement was found maximum 

among the secondary macronutrients and micronutrients. The exclusion of B from fertilizer 

schedule decreased the straw yield, grain yield, nitrogen, phosphorus, potassium, sulphur, 

zinc and boron uptake. The effect of sole application of sulphur and zinc was less than B 

application (Dash et al., 2015). Boron deficiency also resulted in reduced seed yield in 

Brassica napus L. (Shi and Wang, 2009). Experiments conducted in Pakistani soils showed 

that oilseed crops were performing well by the application of B (Anonymous, 1998). 

Application of boron to oilseed rape (Brassica napus L.) improved the height of plant, pod-

bearing branches, number of pods per plant, seed number per pod, seed yield and oil content 

(Hu et al., 1994; Ahmad et al., 2012).  

Boron is also important for animal and unicellular eukaryotes at specific level 

which varies according to living organisms (Bonilla et al., 1990). However, boron has not 

been reported as an essential nutrient for bacteria except for cyanobacteria (Mateo et al., 

1986). In Azotobacter, nitrogen fixation was stimulated in the presence of boron yet boron 

was not vital for its growth (Anderson and Jordan, 1961). In an Arthrobacter 

nicotinovorans strain, phenyl boronic acid (PBA) catabolism was demonstrated where B 

was released as orthoboric acid [B(OH)3] (Negrete-Raymond et al., 2003). Boron 

containing molecules are also involved in quorum sensing in bacteria (Chen et al., 2002). 

Nevertheless, none of the study described that the absence of boron restricts bacterial 

growth.  In case of B tolerance, considerable variation is observed in plant species (Moody 

et al., 1988). Previously, Lysinibacillus boronitolerans, Chimaereicella boritolerans, 

Gracilibacillus boraciitolerans and Bacillus boroniphilus had been stated to tolerate more 

than 150, 300, 450 and 450 mM boron, respectively (Ahmed et al., 2007a, b, c), while 

intracellular accumulation of boron is observed in Variovorax boronicumulans (Miwa et 

al., 2008). Such organisms tolerating high level of boron are of biological interest for their 

ability to work under extreme conditions. 

In plants, boron deficiency results in dramatic alteration in cell walls. Several other 

disorders like black heart, hollow stem, cracked stem and stem corkiness may also occur. 

In opposite to calcium, boron deficiency is not only related to cell wall destruction although 

cell disruption is just comparable to calcium deficiency. Pollen tube development and 
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elongation is also an evidence of proper growth and functioning of cell wall because during 

cell wall formation, pollen tubes elongate at growing tips by the deposition of new cell 

material instead of cell elongation (Muntean, 2002).  

Boron is a micronutrient with unique property of having narrow range between 

deficiency and toxicity level for plants (Christensen et al., 2006). For instance, required 

level of boron may be one part per million (ppm) while few ppm rise in concentration may 

become toxic to plant growth. Plants uptake boron in the form of borate (negatively 

charged) or boric acid (neutral ion). In all plant meristematic tissues, steady supply of boron 

is required from soil because of non-mobile nature of this nutrient. In case of mineral or 

inorganic soils, boron is released at a very slow rate. Most of the plant available boron is 

tightly held in organic complexes; however the decomposition of organic matter favors the 

release of boron which can be taken up by plants, or may leach down from rhizosphere 

because of rainfall or acidic conditions or may tightly bind under alkaline conditions and 

become unavailable for plant growth (Ahmad et al., 2012).  

Boron deficiency has been observed in over 132 crops and 80 countries during the 

last 60 years (Shorrocks, 1997; Zia et al., 2006). In Pakistan, about 65% of the 

experimented soils from different areas were found deficient in boron (Rashid et al., 2005). 

After zinc, boron is second most deficient micronutrient which severely affects the growth 

of crops on global scale. Boron deficiency results in substantial yield losses in cereals (rice, 

maize/corn, wheat), fiber (cotton), oilseed (groundnut, oilseed rape/canola), perennials 

(citrus fruit orchards, alfalfa) and legumes/pulses (soybean) (Borkakati and Takkar, 2000; 

Niaz et al., 2002, 2007; Rashid et al., 2005; Johnson, 2006; Zia et al., 2006). In these boron 

deficient crops, B fertilization causes significant economic benefits (Rashid, 2006).  

The deficiency of boron is a well known micronutrient problem. Crops vary in B 

deficiency symptoms which are mostly observed on growing tips, flowers and fruits of 

plants. It is considered as irregular or delayed elongation of apical meristematic cells 

(Benton, 2003). However, chlorosis leading to necrosis or death of growing tips, stem 

thickening, distortion and cracking, rosettes formation, development of auxiliary buds, 

multiple branches with bushy growth are generally described deficiency symptoms of 

boron (Anonymous, 2003). It may also be characterized as thickening, twisting and 
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undeveloped root formation along with excessive branches. Meanwhile, root crops may 

not develop edible portions or may be affected by the formation of dark corky areas and 

cutting may also fail to develop roots. Boron deficiency may also affect droppings of buds 

or flowers, fruits and seeds by the presence of brown sunken areas on them (Dell and 

Huang, 1997; Saleem et al., 2011). The majority of plants require boron concentration at 

0.15-0.5 ppm in the saturated soil paste extract. Supplemental boron is required if boron 

concentration is less than 0.5 ppm. However, soil B concentration may become toxic at 

above 1 ppm (Ahmad et al., 2012).  

On the other hand, phosphorus (P) is getting more consideration as a nonrenewable 

resource due to increased global production level in the next decades (Cordell et al., 2009; 

Gilbert, 2009). Phosphorus is an important growth limiting macronutrient. Plant attributes 

like root development, stem and stalk strength, formation of flower and seeds, crop 

production, crop maturity, nitrogen fixation in legumes, resistance to plant diseases and 

improved crop quality can be accomplished by P nutrition (Ezawa et al., 2002).  

The low availability of P is due to its high fixation and slow diffusion in the soil, 

which renders P as one of the major limiting factors for the growth and development of 

plants. Therefore, P application by chemical and organic fertilization has enhanced crop 

production by improving fertility status of P in soil. But, in the last decades it has also 

resulted in environmental issues like eutrophication etc. The integration of root 

physiological and morphological adaptive strategies can improve the efficacy of plant roots 

for mobilization and acquisition of phosphorus from root zone by sustaining a proper P 

supplying level at rhizosphere. Likewise, uptake and utilization of phosphorus by plants 

plays a significant role in the determination of ultimate crop yield (Shen et al., 2011).  

The major processes reducing the bioavailability of phosphatic fertilizers in soil 

include organic complexation and sorption therefore excess of fertilizers applied to the 

crops is used in counteracting the strong association of phosphate with soil matrix 

(MacDonald et al., 2011). This binding process of P with soil has enhanced the phosphorus 

content in managed soils at a level that in many areas of the world these P reserves are 

sufficient to considerably buffer the intimidations to food security in the upcoming 

decades. Nevertheless, the P accumulation in soil has adverse consequences including 
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financial loss of farmer, use of renewable resource and, it also results in several 

environmental issues, as even a very small concentration of excess P moving to the 

watercourses can cause awful smell because of the formation of harmful algal blooms 

thereby raising the trophic status of lakes for years (Elser and Bennett, 2011). 

Consequently, it is the basic need of the day to reduce P application and enhance P use 

efficiency by reducing its losses (George et al., 2016).   

Fertilizer use efficiency of phosphorus is about 10-25% throughout the world 

(Isherword, 1998) and bioavailable P concentration in soil is around 1ppm that is extremely 

low (Goldstein, 1994). Soil microbes are playing important role in soil P dynamics, 

releasing several organic acids, dissolving P minerals and making it available to plants 

(Richardson, 2001). These phosphorus solubilizing bacteria (PSB) help in solubilizing the 

fixed soil P along with applied phosphates for improving crop production and yields (Gull 

et al., 2004). During short time period of many annual crops, direct application of 

phosphate rocks is mostly considered futile (Goenadi et al., 2000). Several microorganisms 

having potential for organic acid production are capable of enhancing P solubilization from 

phosphatic rocks (Gyaneshwar et al., 2002). The PSB strains exhibit mineralizing abilities 

of organic P ranging between 8-18 μg mL-1 and P solubilizing abilities from inorganic 

sources between 25-42 μg P mL-1 (Tao et al., 2008).  The rock minerals containing 

phosphate are often too insoluble to fulfill P requirements for crops, however the 

application of PSMs (phosphorus solubilizing microorganisms) can upsurge crop yields up 

to 70% (Verma, 1993). The application of arbuscular mycorrhiza along with PSB enhance 

P uptake from both native soil P and from the phosphatic rock (Goenadi et al., 2000; 

Cabello et al., 2005). Thus, the use of PSB for solubilizing fixed soil P as well as applied 

phosphates results in higher crop yields (Zaidi, 1999).  

Optimum level of boron improves N and P uptake by plants as synergistic effect of 

B has been observed with these nutrients (Chatterjee et al., 1990; Ranade-Malvi, 2011). 

Boron fertilization also enhances oil content in the grains of oilseed rape (Pageau et al., 

1999; Yang et al., 2009; Sienkiewicz-Cholewa and Kieloch, 2015). On the other hand, 

adding organic matter to soils where B is being applied, reduces B toxicity due to its slow 

release from adsorbed phases (Goldberg and Suarez, 2012). Humus was considered 

important in B adsorption, irrespective of its small amount in mineral soils, as it has higher 



6 
 

B retention capacity (Parks and White, 1952). The present study was planned by keeping 

in view the major issues related to B and P fertilization (e.g. calcareousness, low organic 

matter content and high pH of soils leading to more fertilizer losses, less fertilizer use 

efficiency and non-uniform distribution of micronutrient etc.) and the significant role of 

these essential nutrients, organic matter and plant growth promoting rhizobacteria (PGPR) 

on plant growth and crop yield. Henceforth, it was hypothesized that organically 

complexed-bioaugmented boron coated DAP (DAP-B) may prove a potential strategy to 

enhance B availability and P use efficiency leading to improved growth, yield and oil 

content of crops. 

The study was planned to achieve following objectives: 

 Screening of bacterial strains on the basis of B tolerance  

 Characterization of highly B tolerant bacterial strain 

 Formulation of organically complexed-bioaugmented boron coated DAP (DAP-B) 

 Assessment of temporal release of B and P in soil by the application of DAP-B 

 To enhance B and P availability  

 To optimize growth, yield and oil content of Brassica 
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CHAPTER 2                       REVIEW OF LITERATURE 

 

The number of undernourished people is about 925 millions worldwide. The issues 

related to food security exist nowadays throughout the world and are of special concern 

because of increased world population by approximately 35% over the succeeding 40 

years. It is the need of the hour to significantly increase the agricultural output for growing 

population worldwide, and the major increase is expected from intensification (i.e. 

improving yield and production on existing agricultural area) though new farmland may 

also be required. Crop yield can be boosted up by decreasing the gap between attainable 

and actual yield which can further be obtained by execution and encroachment of various 

technologies and practices including management of nutrients and innovations in 

fertilizers. However, mineral fertilizers have a major role in global food security and it 

should be noted that the maximum yields are result of proper fertilizer management which 

is possible by developing new technologies to avoid fertilizer losses in a sustainable 

manner thereby reducing environmental impacts and providing healthy and nourishing 

food in enormous amount to fulfill the nutrition requirement of all people at all places 

(Stewarta and Robertsb, 2011).  

In addition, a general upsurge in human population over the world has been 

observed since decades which is continued to increase especially in arid and semi-arid 

regions of various developed and developing countries (Koyro et al., 2008; Gul et al., 

2014). Increase in population has resulted in large scale urbanization and considerable loss 

of cultivated areas. Food production has been affected by both conversion as well as land 

use intensity of agricultural areas (Long and Zou, 2010; Jiang et al., 2012). Since the 

conversion of agricultural land is important for urbanization and economic growth, the 

agricultural land use intensity is significant in maintaining the capacity of food production 

of a country (Ramankutty and Foley, 2002). Moreover, labor shortage has been observed 

in agricultural sector because of urbanization and economic development leading to 

increased off-farm employment opportunities which engage more labor forces (Wu et al., 

2011). Generally, the innovations in fertilizers can increase the level of inputs thereby 

enhancing the land use intensity of agricultural areas and grain yield. 
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2.1. Importance of Fertilizers 

The labor and capital inputs represent gross input for agricultural production, 

however the main fraction of total capital input is described by chemical fertilizers (Chen 

et al., 2009). Chemical fertilizers are highly important in sustaining food security over the 

past decades. During 1970s, the application of chemical fertilizers was increased 

significantly. Nevertheless, drastic use of chemical fertilizers also results in various 

environmental problems like, water-borne pollution (eutrophication), greenhouse gas 

emission, deterioration of soil and water quality leading to the loss of biodiversity and other 

ecosystem services (Tilman et al., 2002; Heimann et al., 2015). The significant role of 

fertilizers in agricultural production and subsequent environmental issues make the 

intensity of fertilizer use a vital determinant of agricultural land use intensity (Li and Wang, 

2003).  To stabilize the burden between urbanization and agricultural production via 

effective planning and land use management, it is mandatory to understand the effects of 

urban growth on fertilizer use intensity. It can also help in further assessment of 

environmental issues related to agricultural intensification, thus promoting fertilizer use 

efficiency along with sustainable land use. Keeping in view the previous investigations it 

is highly safe to say that without proper plant nutrition, there would be only half staple 

foods while most of the forested lands would also have to be used for agricultural purposes. 

Thus, mineral fertilizers have a critical role in the global food security issues (Jiang and 

Zhihui, 2016).  

2.2. Importance of Micronutrients 

Since fertilizers have major contribution in augmenting crop production along with 

food security, their use is highly skewed in various countries like Pakistan. Micronutrients 

though required in small quantities, are vital for plant growth and development. 

Application of micronutrients results in improved yield and quality of produce, therefore 

better health of human and animals is because of the use of enriched plant materials. Yet, 

there is inadequate use of macro and micronutrients; for instance, nitrogen (N), phosphorus 

(P) and potassium (K) are being used widely compared to micronutrients. It results in 

deficiency of various micronutrients like Fe, Zn and B. In majority of Pakistani soils, boron 

is second most deficient micronutrient after zinc (Ahmad et al., 2012). Boron is usually 

considered as an important element for plant growth. 
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2.3. Boron in Nature 

Boron is less abundant in nature but it is widely disseminated in both hydrosphere 

and lithosphere; its concentration ranges from 5-10 ppm in rocks (Shorrocks, 1997), 3-30 

ppm in rivers (Power and Woods, 1997) and 4.5 ppm in ocean (Lemarchand et al., 2000). 

Boron is an essential element for plant growth (Warington, 1923) and its availability in 

irrigation water and soil is a significant determinant for crop production (Tanaka and 

Fujiwara, 2007). In Pakistan, Japan, China, USA and Brazil boron exists in neutral form as 

boric acid (H3BO3) in soil solution which can leach down by heavy rainfall leaving the 

plants deficient in boron (Yan et al., 2006). In contradiction, boron may not be significantly 

leached and thus may accumulate up to toxic levels in plants to restrict their growth (Reid, 

2007), since there is a narrow range between boron deficiency and toxicity. At higher B 

concentrations leading to B toxicity, increasing the nitrogen concentration is effective in 

reducing boron concentration in various parts of plants (Koohkan and Maftoun, 2016). 

2.4. Boron in Soil 

Total concentration of boron in soil is 20-200 mg kg-1 however available boron is 

much less compared to the actual boron and varies from one soil to another. Boron 

deficiency has become a major constraint to plant growth and development. Soils which 

are calcareous in nature and those having loessial or alluvial deposits and also highly 

leached soils are extremely deficient in boron (Borkakati and Takkar, 2000). Various other 

factors which affect the availability of boron to plants include sandy/coarse texture, 

drought, alkalinity, liming, intensive cultivation leading to more nutrient uptake and less 

fertilizer application. Furthermore, use of micronutrient deficient fertilizers renders soils 

deficient in boron and other nutrients (Mengel and Kirkby, 2001; Rashid and Rayan, 2004; 

Rashid et al., 2005; Niaz et al., 2007).  

2.5. Significance of Boron for Plants 

Several plant characteristics like root elongation, sugar translocation, nucleic acid 

synthesis, IAA oxidase activity, pollen tube growth and carbohydrate metabolism are 

dependent on boron availability (Goldbach and Wimmer, 2007). Boron is also involved in 

processes such as ion fluxes across membranes, plasmalemma-bound enzymes and 
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maintaining the membrane potential (Goldbach et al., 2001), accumulation of polyamines 

and phenolics (Camacho-Cristóbal et al., 2002, 2004, 2005), nitrogen metabolism 

(Camacho-Cristóbal and González-Fontes, 2007) and cytoskeletal proteins (Yu et al., 2001, 

2003). Combined application of sulphur and boron has marked effect on growth and 

nodulation of crops. However, increasing the level of boron up to 3 kg ha-1 without sulphur 

application has also significant effect on growth and nodulation parameters (Parry et al., 

2016). Research work describing the role of boron in optimizing the yield, analyzing 

mobility and enhancing stress tolerance in various crop species is clear evidence that boron 

significantly increases the yield of crops and it has also resulted in the significant upsurge 

in panicle fertility (Anonymous, 1998). B application in oilseed crops also results in 

substantial increase in oil content (Spychaj-Fabisiak et al., 2011; Sienkiewicz-Cholewa and 

Kieloch, 2015). 

2.6. Uptake of Boron by Plants 

Absorption of boron by plant roots is closely associated with pH of soil solution 

and its total boron contents. It is possibly one of the non-metabolic processes (Brown and 

Hu, 1996). Boron is immobile in plants as well as in soil and the mechanism of boron 

uptake to plant roots is mainly through mass flow. However, the distribution of boron 

within plants is done by transpiration pull through plant xylem. The immobile nature of 

boron in plants defines its requirement, supply and availability to plants at their all growth 

stages, particularly during fruit development and seed set. Current literature is also 

available on plant physiology with respect to boron which describes the existence of 

channel-mediated facilitated diffusion and active transport occurring at the expense of 

energy against concentration gradients in boron transport systems (Dannel et al., 2000; 

Stangoulis et al., 2001). The concentration of boron in soil varies from 2 to 200 ppm where 

less than 5-10% is in plant available form (Diana, 2006).  

2.7. Soil Factors Affecting Boron Availability 

The factors affecting boron availability involve soil types, 

calcareousness/alkalinity, organic matter contents, moisture contents, boron concentration 

in soil and plant species (Welch et al., 1991). Several other factors affecting the boron 
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concentrations and its bioavailability include soil texture, nature of clay minerals, liming, 

pH, irrigation sources, interaction with other elements, and some environmental conditions 

such as medium to heavy rainfall, dry deposition and extraordinary light intensity 

(Moraghan and Mascagni, 1991). Boron deficiency and toxicity is also analyzed by getting 

knowledge about all these factors which influence boron uptake under different 

circumstances. In clay textured soils, boron availability is decreased however, increase in 

temperature enhances boron availability (Fleming, 1980). An important factor affecting 

boron availability is soil pH.  Increase in soil pH improves boron retention by soil 

constituents (Goldberg. 1997). Compared to vegetative growth, reproductive growth 

especially flower formation, fruit development and seed set is greatly affected due to boron 

deficiency (Dear and Lipsett. 1987; Noppakoonwong et al., 1997; Hossain et al., 2011).  

2.8. Plant Factors Affecting Boron Availability 

Plants show a wide range of responses to boron. Crucifers are highly responsive to 

boron fertilization. In addition, dicotyledonous crops show greater response compared to 

monocotyledonous ones. The boron is taken up by roots passively, transported upward to 

shoots by loading into xylem. Further solute translocation occur by transpiration streams 

(Brown and Shelp 1997). Plants are categorized in two ways; one category is based on 

limited mobility of boron and the other one shows significant B mobility. The former 

describes B movement within plant where water acts as a translocation agent where the 

uptake of boron is proportional to the concentration of boron and the flow of water. The 

latter category shows that in several plant species where the sorbitol is present as primary 

photosynthetic product, boron reflects significant and rapid mobility of phloem (Brown 

and Hu, 1998). In plants, the boron concentration pattern and its deficiency or toxicity 

symptoms correlate with leaf venation. Boron can be mobile in leaves and accumulate at 

the termination sites of leaf veins (Matoh and Ochiai, 2005). Several organic compounds 

may react with boron to prevent its translocation to other plant tissues. The ability of plants 

to acclimatize low or high concentration of boron may depend on physiological 

mechanisms, germplasm and genetic diversity of plant species (Bolanos et al., 2004; 

Saleem et al., 2011). 
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2.9. Issues of Boron 

During mineralization process of organic matter or by addition of boron to soils 

through fertilization or irrigation, a specific amount of B is added to the soil solution and 

else is lost either by adsorption to the soil particles or some other soil constituents. The 

mineral source of insoluble soil boron is tourmaline while soluble boron is present in 

hydrated minerals. However, boron solubility in soil solution is not determined by the 

presence of these minerals but by boron adsorption reactions. A balance has also been 

observed between soil solution and adsorbed boron concentration. Plants uptake boron 

from soil solution and resistance against sudden changes in boron contents in soil solution 

is restricted by B adsorbed pool. Thus, it is imperative to obtain information about boron 

distribution between soil liquid and solid phases, which is further affected by boron 

adsorption by soil and its bioavailability which is being controlled by temperature, 

moisture, pH and management practices like liming (Evans and Sparks, 1983; Diana, 

2006). Boron is present in soil solution as undissociated boric acid (H3BO3) or in the form 

of anion H2BO3
- (Marschner, 1995), so it is subjected to leaching losses and its deficiency 

is observed in countries with arid and semiarid climate like Pakistan and India, especially 

during monsoon rains in areas having coarse textured soils. Nevertheless, the major mineral 

source of boron (tourmaline) is extremely insoluble. In Pakistan, the soil order named 

alfisols is known to produce crops much deficient in boron (Zia et al., 2006). 

2.10. Deficiency of Boron in Plants 

Boron deficiency results in several types of effects on enormous processes 

especially in vascular plants. It is generally known that boron deprivation leads to the 

development of abnormal cell wall with numerous variations in its physical properties 

(Fleischer et al., 1999; Ryden et al., 2003). These variations are result of significant 

functions of boron in the cross linkage of cell wall RG-II and pectin assembly. Some 

researchers have also investigated the short duration effects of boron deficiency on 

structural variations in cell walls (Ryden et al., 2003).  The significant roles of boron in the 

development of cytoskeletal structure and other concomitant processes have also been 

observed (Yu et al., 2001, 2003; Bassil et al., 2004).  It is also evident that boron is essential 

for stabilizing the functions and structure of membranes especially plasma membrane 

(Goldbach et al., 2001; Brown et al., 2002). Boron deprivation causes fluctuations in 
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membrane potential and it also decreases the activity of proton-pumping ATPase in the 

roots of Daucus carota and Helianthus annuus (Ferrol and Donaire, 1992). Moreover, it is 

also mentioned that boron deficiency can alter the plasma membrane permeability for ions 

and several other solutes (Cakmak et al., 1995; Wang et al., 1999). In extreme conditions, 

crops cultivated on boron deficient soils show maximum growth until flowering where 

abortion of flowers and failure in seed set results in enormous yield reduction (Anonymous, 

1998). The deficiency of boron at critical plant stages during reproductive development 

has revealed to result in pod abortion and poor seed set in wheat (Wong, 2003). Thus boron 

plays a vital role, directly or indirectly, in physiological and biochemical processes of plant 

growth. Boron has structural role in plants and its deficiency results in decline of cell 

enlargement in growing tissues. The deficiency of B also causes male sterility and floral 

abnormalities (Sharma, 2006). 

2.11. Deficiency Symptoms of Boron 

In plants, boron makes complexes with diols and polyols especially cis-diols which 

are immobile (Loomis and Durst, 1992). Its deficiency symptoms are observed first on 

newly developed tissues like young leaves with marginal chlorosis at their tips. Since boron 

is important for stem and leaves elongation, boron deficiency results in short statured 

plants. In severe cases, majority of tillers die before the onset of maturity or sometimes 

whole plant may die before reproductive growth. Boron deprivation may also result in bark 

necrosis, corking in fruits and their cracking, inadequate fruit and seed set in different 

plants. Absence of boron may cause irregular swelling of tips resulting in cell destruction. 

Since boron is involved in the formation of IAA which effects growth of root tips and other 

meristematic cells in vascular plants, therefore deficiency of boron during lignin and cell 

wall formation can affect synthesis and proliferation of cambia cells by impairing cell 

differentiation of xylem. Adequate supply of boron can improve xylem functioning by 

improving cell structure of vascular tissues responsible for water and nutrients transport, 

thereby involved in nutrient mobility and uptake (Dell and Huang, 1997). 
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2.12. Boron Requirement for Plants 

Crop species may also vary with regard to boron requirements and its uptake, 

though these crops are being grown in same growing conditions with the availability of 

same nutrient medium. This is due to different levels of boron required by different plant 

species e.g. dicots require 4-7 times more boron compared to monocots at the rate of 20-

70 ppm and 5-10 ppm, respectively (Marschner, 1995). Additional boron is required when 

leaf boron level falls in the range of 20-25 ppm on dry weight basis. The critical level of 

boron deficiency ranges from 0.15 to 0.50 ppm (HWE-hot water extractable), though it can 

double in alkaline clay soils and also for highly sensitive crops. Since, B sorption is 

enhanced up to maximum level between pH 7.5-9.5, so the critical range of hot water 

extractable B is usually greater in alkaline soils.  

2.13. Boron in Human and Animal Nutrition 

Boron has nutritional value for human being. It influences the metabolism of macro 

minerals, energy, nitrogen and brain functions, reactive oxygen, response to estrogen 

ingestion and psychomotor performance (Nielsen, 2008). The deficiency of dietary boron 

results in prostate cancer, so higher intake of boron may avoid this hazard (Cui et al., 2004). 

Its deficiency in animals results in defective growth, abnormal development of bones, 

increased excretion of urinary calcium and changed level of macro minerals (Devirian and 

Volpe, 2003). Extreme consumption of boron results in diarrhea, weight loss, anorexia, 

acute nurological effects and testicular atrophy in dogs, rats and mice.  It may also results 

in reduction of body weight and enhanced cardiovascular deficiencies and skeletal 

distortion in pregnant animals (Yazbeck et al., 2005). 

2.14. Sources of Boron 

Several sources of boron include borax (Na2B4O7.10H2O) containing 11% B, boric 

acid (H3BO3) with 17% B, solubor (Na2B8O13.4H2O) with 20% B, boron frits with 2-6% 

boron, sodium borate (Na2B4O7.5H2O) with 20% boron, sodium tetraborate 

(Na2B8O13.4H2O) providing 14% B, colemanite (Ca2B6O11.5H2O) providing 10% boron 

and boronated superphosphate are being used to cure boron deficiency in crops. For soil 

application, most commonly used boron sources are solubor, sodium tertraborate and 

sodium borate. However, borax and boric acid are the most frequently used boron sources 
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to treat boron deficient crops. Since, there is narrow range between adequate and deficient 

amount of boron in crops, an additional amount can easily be achieved to manifest toxic 

effects on plant growth (Marschner, 1995). That is why, extreme care is demanded during 

the application of boron fertilizers and it must also be distributed uniformly.  

2.15. Methods of Boron Application 

In general, boron is applied through broadcast application, band placement or foliar 

application. The required rate of boron ranges from 0.25 to 3.0 kg ha-1 depending on crop 

species and method used for its application (Dwivedi et al., 1990; Sinha et al., 1991; 

Mortvedt and Woodruff, 1993). For broadcast application, greater amount of boron 

fertilizer is required compared to the band placement or foliar application. Boron 

deficiency is more pronounced during peak growth stages; vegetative and reproductive 

stages especially during flowering stage and seed set, so a balanced amount of boron 

application throughout the growth season is indispensable for optimum growth, 

development and seed yield of the plants. Under dry soil conditions, foliar application is 

also an accurate method for boron supply to plants, particularly during restricted root 

activity and boron deprivation during growing season (Mortvedt, 1994). However, due to 

narrow range between B deficiency and toxicity, its application must be done in a very 

critical way. 

2.16. Role of Phosphorus in Plants 

Phosphorus is second most important soil nutrient worldwide. Application of 

phosphoric fertilizers is indispensable for optimal plant growth and crop production. 

Regarding fertilizer use, phosphorus is second only to nitrogenous fertilizers. Phosphorus 

plays important role for plant growth and development such as sucrose and starch 

utilization, formation of nucleus, cell division and photosynthesis. The major function of 

phosphorus involves energy transfer as well as its storage within plants (Bolan et al., 1991). 

Energy from carbohydrate metabolism and photosynthesis is deposited in phosphate 

compounds for future use in vegetative and reproductive growth. Sufficient amount of 

phosphorus results in fast growth and early maturity and it is important in areas where frost 

is a problem. Often, phosphorus improves the quality of vegetative growth and adequate 
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phosphorus in soil is accompanied to rapid root growth, which results in exploring the more 

soil area for moisture and nutrients uptake. On dry weight basis, phosphorus exists in most 

crops in concentrations ranging from 0.1 to 0.4 percent. However, phosphorus deficiency 

decreases plant growth and crop maturity.  

2.17. Issues of P Availability 

In soil, plant available phosphorus refers to the part of soil phosphorus that plant 

roots can take up from soil. Nevertheless, the usable and plant available portion of 

phosphorus is very low in native soils and most of the soil is confined to the soil minerals 

or inorganic portion and also in organic matter in forms that are not available to plants. 

Particular portion of soil phosphorus is also found in soil microorganisms. A fraction of 

mineral soil phosphorus is also fixed biologically by microbial action when soil P 

concentration is very low. In some specific cases such as during severe deficiency of P in 

soil, microbes can also compete for phosphorus with plants. Phosphorus is transiently 

bound in organic parts of microorganisms and this organic phosphorus is again moved to 

the soil after decay of microbial biomass, which is further mineralized to become available 

for plants uptake (Sharpley et al., 1996). Though, soil phosphorus is found in both mineral 

(inorganic) and organic forms, majority of soils are still deficient in bioavailable 

phosphorus while organic phosphorus is found in organic matter and thus gradually 

released by soil microbes (Novais and Smyth, 1999). 

2.18. Soil P Dynamics 

Soil phosphorus dynamics include biological processes (mineralization and 

immobilization) as well as physicochemical processes (sorption and desorption). Huge 

amount of phosphorus applied through fertilizers moves to the immobile pools by 

precipitation reactions of orthophosphates with highly reactive Ca2+ in normal or 

calcareous, and Al3+ and Fe3+ in acidic soils (Gyaneshwar et al., 2002; Hao et al., 2002). In 

this way, less phosphorus availability and its adsorption on several soil minerals may limit 

the availability of phosphorus to plants. Also, in calcareous soils phosphorus may be 

adsorbed by lime or may also be precipitated as calcium phosphate (Khan et al., 2009). 
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2.19. Forms of Phosphorus 

Soil phosphorus is present in several chemical forms including organic P (Po) as 

well as inorganic P (Pi), which vary in their fate and behavior in soils (Hansen et al., 2004; 

Turner et al., 2007). In acidic soils, P adsorption can mainly occur due to Fe/Al oxides and 

hydroxides, such as hematite, gibbsite, and goethite (Parfitt, 1989). In calcareous and 

neutral soils, phosphorus can dominantly be retained by precipitation reactions (Lindsay et 

al., 1989), while P adsorption can also be done on the surface of clay minerals (Devau et 

al., 2010) and calcium carbonate (Larsen, 1967). Total soil phosphorus comprises of 30 to 

65% of organic P (Harrison, 1987) while, phosphonates and inositol phosphates are 

stabilized forms, and labile orthophosphate monoesters, organic polyphosphates and 

orthophosphate diesters are active forms of organic P (Turner et al., 2002; Condron et al., 

2005). The release of organic P occurs through mineralization mediated by plant roots and 

soil organisms along with the secretion of phosphatase. Several soil factors including soil 

temperature, moisture, pH, redox potential (Eh) and surface physicochemical properties 

have great influence on these processes. The overall P bioavailability is also highly affected 

by the transformation of organic phosphorus in soil (Turner et al., 2007). Thus, soil P 

availability is tremendously complex and requires systematic evaluation, because it is 

extremely linked to the soil P dynamics and P transformations among different phosphorus 

pools in soil.  

2.20. Methods of P Application 

There are several methods for phosphorus application where some of them perform 

well compared to others. For enhancing fertilizer use efficiency of phosphorus, sufficient 

amount of other nutrients should also be available to plants. Generally, broadcast and 

incorporation method is used where uniform distribution of fertilizers is done by 

broadcasting. The phosphorus fertilizer applied by broadcast method is further 

incorporated onto the soil prior to sowing. However, seed-placed or banded P is much more 

efficient method of phosphorus application compared to broadcast and incorporation. 

About two to four times more phosphorus is used in case of broadcast application compared 

to band placement. Thus, banded application is much economical compared to broadcast 

(Ross et al., 2013). Additionally, coated or slow release fertilizers are being used for 



18 
 

enhancing fertilizer use efficiency. Microbes are also helpful in improving phosphorus 

solubilization and reducing its fixation. It is also stated that high levels of P fertilizers limit 

the accessibility of micronutrients. On the other hand, synergistic effect of phosphorus and 

nitrogen has also been observed with boron (Ranade-Malvi, 2011). 

2.21. Interactions of Boron with other Nutrients 

In plants, numerous functions performed by boron also correlate with nitrogen (N), 

phosphorus (P), potassium (K) and calcium (Ca) (US Borax, 2009). In soil, the interaction 

of boron (antagonistic or synergistic)  with majority of nutrients including N, P, K, Ca, Mg, 

Al and Zn may occasionally be influential in maintaining the availability of boron to plants.   

B application may improve nitrogen utilization in plants by increasing translocation 

of nitrogen compounds in fruit parts e.g. in cotton bolls (Miley et al., 1969).  The 

application of nitrogen at 250 kg ha-1 may reduce the yield if boron is deficient in cotton. 

However, the application of boron escalated crop yield with same nitrogen level (Smithson 

and Heathcote, 1976). In barley, the uptake of boron was decreased in the presence of zinc 

compared to no zinc application. Further it was observed that accumulation of boron was 

increased in treatment where less concentration of zinc was applied along with high 

concentration of phosphorus (Graham et al., 1987).  Thus, zinc fertilization can help to 

reduce the toxicity risk of boron in plants by reducing boron accumulation in various plant 

parts (Ahmed et al., 2008). Combined application of boron and potassium is highly 

significant regarding their uptake or assimilation by crops and crop production (Hill and 

Morrill, 1975).   

Higher concentration of potassium and several intensive production practices may 

require application of boron to improve crop yield (Woodruff et al., 1987). Higher level of 

boron restrict Al toxicity by significantly improving growth characters such as root length 

under Al stress level of 2 mM, and fresh weight and length of epicotyl under 5 mM Al 

toxicity (Yang and Gu, 2004). Hossain and Hossain (2004) also conducted similar study 

and confirmed the correlation of B with Al. Deficiency of boron is also sometimes 

identified by the ratio of Ca to B in plants. The application of boron along with calcium 

significantly improves dry matter production of maize (Kanwal et al., 2008).  Nonetheless, 

the concentration of boron in shoots of maize plants was antagonized due to the application 
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of calcium. The graph between Ca/B ratio and relative dry matter production of shoots 

showed a curvilinear relation (Rashid et al., 1997).  

2.22. Interaction of Boron with Phosphorus 

Tissue concentrations of boron (B) and phosphorus (P) along with their dry weight 

were studied to check the effect of interaction between B and P in maize. Synergistic effect 

between boron and phosphorus was recorded however the deficiency of phosphorus was 

prominent where there was combined deficiency of phosphorus and boron (Chatterjee et 

al., 1990). The efficiency of B utilization by plants is reduced due to the deficiency of P 

(Nelyubova and Sychev, 1969). The concentration of DNA and RNA was also reduced 

distinctly with the deficiency of both P and B. This shows that P is the fundamental part of 

the nucleotides (Bould, 1983; Hundt et al., 1970). Which are essential for nucleic acid 

formation. However, B is also essential for the formation of various nucleic acid 

components therefore its deficiency resulted in nucleic acid degradation (Kevresan et al., 

1977; Dugger ,1983). Thus, a chain reaction is produced due to the combined deficiency 

of P and B causing significant reduction in nucleic acid contents. Due to the reduction of 

RNA, protein content is reduced which ultimately results in impaired growth and reduction 

of dry weight (Hewitt, 1983). Same observation was recorded by Koge (1978) during his 

study on tomatoes where it was explained that the protein content and dry matter 

production was greatly reduced in case of combined deficiency of P and B compared to 

alone P deficiency. 

In case of uptake of P per quintal of grains, the value of P uptake was not much 

varied and it was in the range of 0.38-0.42 kg q-1 grains. When P was not applied the uptake 

was declined up to 30% while the uptake was reduced by 13.9-20.4% when nitrogen (N) 

and potassium (K) or nitrogen (N) and phosphorus (P) were not applied compared to the 

treatment where all nutrients were applied at optimum level. It was also observed that B 

has important role in translocation and absorption of P and the absence of this important 

nutrient decreased the uptake of P by 33.5% whereas the absence of Zn or S also resulted 

in reduced uptake of P by 21.4 and 17.5%, respectively. Potassium helps in keeping the 

plants erect, avoiding their lodging, decreasing chaff percentage increasing their resistance 

power. B is highly important and even far better than N and K in the absorption and 

translocation of K. Due to the absence of B, the uptake of K is reduced by 40.6% however, 
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the omission of Zn or S also declines the uptake of K up to 29 and 31.7%, respectively. In 

the absence of B, there was 32% more reduction in yield than in the absence of N, P and K 

alone or in combination. Due to the combined application of B, Zn and S the utilization 

efficiency of N, P and K was enhanced. However, grain yield response was reduced by 8% 

because of the absence of B, S and Zn (Dash et al. 2015). 

2.23. Role of Organic Matter in Adsorption and Desorption of Boron 

Organic matter was observed as an imperative constituent required for estimation 

of B adsorption parameters for constant capacitance complexation model (Goldberg et al., 

2000). An increase in B adsorption by soil was observed after the removal of organic matter 

which showed that organic matter was occluding B-adsorbing sites on Fe and Al oxides 

(Marzadori et al., 1991).  The influence of small concentration of native organic matter on 

adsorption of boron by soils was found negligible (Mezuman and Keren, 1981). The 

influence of externally added organic matter on B adsorption by soils depends on the type 

of applied organic matter, the solid material improving adsorption and dissolved organic 

matter reducing adsorption. Addition of farmyard manure was also enhancing the 

adsorption of boron by soils (Sharma et al., 2006). The addition of composted organic 

matter improves the concentration of B adsorbed at specific solution pH (Yermiyahu et al., 

1995).  Humus obtained from soils was also considered significant in B adsorption, 

regardless of its small amount in mineral soils, due to higher B retention capacity (Parks 

and White, 1952). The adsorption capacity of boron by bark compost was 10 times greater 

than greenhouse soil (Van et al., 2005). However, B adsorption capacity of composted 

organic matter and humic acid was found greater than that of clay minerals (Gu and Lowe, 

1990; Lemarchand et al., 2005). Conversely, the addition of dissolved organic matter 

reduced the adsorption of boron (Communar and Keren, 2008). The coating of 5% humic 

acid on amorphous hydroxides of aluminum reduced its B adsorbing capacity (Xu and 

Peak, 2007). In addition, it was also observed that the adsorption of boron was increased 

up to 76% in the presence of low molecular-weight organic acids (Prodromou, 2004).  

Boron uptake is also enhanced by improving the application rate of boron while 

keeping the level of composted organic matter stable. It was noted that this rise in B uptake 

was due to increased concentration of boron in leaves. However, the higher level of 

composted organic matter at specific level of boron increased B uptake because of 
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increased dry matter yield regardless of lower boron contents in leaves. The concentration 

of boron in plants was small relative to the total concentration of boron in system or amount 

of B in soil solution. The proportion of B uptaken by plants among total B added was found 

maximum at smaller amount of applied B which decreased rapidly as total concentration 

of B was increased. It was due to the sorption of higher contents of B on solid phases while 

smaller amount of adsorbed B is desorbed to maintain equilibrium between B contents in 

soil solution and adsorbed sites (Yermiyahu et al., 2001). The adsorption of boron due to 

organic matter was found higher as compared to clay minerals (Yermiyahu et al., 1995). 

Application of organic matter in soils can increase or decrease uptake of boron by plants 

depending on total B contents in soils. To avoid B txicity in soils having higher B contents, 

a decrease in soluble B can be attained by the application of organic matter. Whereas, 

adding organic matter in sandy soils may reduce losses of boron by leaching thereby 

improving B availability to plants.  Therefore, the addition of organic matter to soils 

receiving B application lessens the toxic effect of boron due to its slow release from 

adsorbed sites (Goldberg and Suarez, 2012). 

2.24. Significance of Microorganisms in Plant Growth 

During the last century, microbial inoculants are being used for enhancing soil 

fertility. For instance, plant growth promoting rhizobacteria (PGPR) have essential role in 

promoting plant growth via different mechanisms. PGPR vary in their mode of action 

depending on the host plant (Dey et al., 2004) however, their general mode of action for 

plant growth includes: improving abiotic stress tolerance in their host plants, fixation of 

nutrients for plant uptake, release of different plant growth regulators, production of 

siderophores and volatile organic compounds, and plant disease prevention by producing 

various protective enzymes such as ACC-deaminase, glucanase and chitinase ( Choudhary 

et al., 2011; Garcia-Fraile et al., 2015). A specific PGPR may improve plant growth and 

development by several mechanisms. They improve plant growth directly either by 

synthesizing and then supplying that compound to plants such as phytohormones, or by 

assisting the host plant for nutrients uptake from the environment. The plant growth 

promoting rhizobacteria (PGPR) are also helpful in indirect plant growth promotion by 

lessening or preventing the harmful effects of different phytopathogenic organisms. It takes 
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place due to the production of antagonistic substances or by the induction of resistance 

against pathogens (Glick, 1995; Beneduzi et al., 2012). As a biocontrol agent, PGPR act 

through different ways, irrespective of their significance in direct plant growth promotion, 

for example by the production of auxin as phytohormone (Patten and Glick, 2002), 

reduction in ethylene level of plant (Glick et al., 2007) or by nitrogen fixation associated 

with plant roots (Dobereiner, 1992). In this way, plant growth is affected by PGPR in two 

different ways either directly or indirectly. 

2.25. Phosphorus Solubilizing Microbes 

The presence of phosphorus solubilizing microbe (PSM) in rhizosphere is evident 

since 1903 (Khan et al., 2007), where bacterial inoculants are found more effective in 

solubilizing phosphorus compared to fungi (Alam et al., 2002). Depending on P 

solubilizing potential, the entire microbial community in soil consists of 1 to 50% of 

phosphorus solubilizing bacteria (PSB) and only 0.1 to 0.5 % of phosphorus solubilizing 

fungi (PSF) (Chen et al., 2006). Even in north Iranian soils, the number of PSB was 

approximately 88% of the total amount of phosphorus solubilizing microorganisms 

(Fallah, 2006). Along with PSMs, mycorrhizal fungi are also involved in P acquisition 

(Fankem et al., 2006). In addition, several bacterial populations found in soil including, 

endosymbiotic rhizobia and ectorhizospheric strains from Bacilli and Pseudomonas have 

been found effective for phosphate solubilization (Igual et al., 2001). However, the 

dominant P solubilzers include microbial strains from bacterial genera Bacillus, 

Rhizobium, Enterobacter and Pseudomonas along with some microbial strains from fungal 

genera Aspergillus and Penicillium fungi (Whitelaw, 2000). B. circulans, B. megaterium, 

B. subtilis, B. sircalmous, B. polymyxa, Enterobacter and Pseudomonas striata are also 

most important P solubilizers (Subbarao, 1988; Kucey et al., 1989). P solubilizing activity 

has also been observed in Arthrobotrys oligospora which is a nematofungus and has 

potential to solubilize phosphate rocks (Duponnois et al., 2006). 

2.26. Interaction of PSB with Plants 

The relationship between PSB and host plant is symbiotic where synergism has 

been found in nature such as, plants get solubilized phosphate from bacteria which in return 

get root borne carbon compound especially sugars from plants which is then metabolized 
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in bacterial cells for their growth (Pérez et al., 2007). The PSMs together with other useful 

rhizospheric microorganisms increase crop production. Co-inoculation of Rhizobium with 

arbuscular mycorrhizae (Zaidi et al., 2003) or with PSM (Perveen et al., 2002) also 

accelerates plant growth more rapidly compared to their sole application in P deficient 

soils. Combined application of PSB with vesicular arbuscular mycorrhizae (Kim et al., 

1998), or with N2 fixers such as Azotobacter (Kundu and Gaur, 1984) and Azospirillum 

(Belimov et al., 1995) have shown synergistic interaction for plant growth. 

2.27. Biofertilizers 

Biofertilizers being a main player for general agricultural production and global 

economy, are also playing a vital role in organic farming. Biofertilizers are defined as 

products containing living microbes which are applied via seeds, soil or plant surfaces, 

colonize the plants interior or rhizosphere for enhancing plant growth by improving 

availability and supply of essential nutrient to plants (Vessey, 2003). It is also defined as 

amalgamation of latent or living microbial cells promoting phosphorus solubilization and 

nitrogen fixation, or application of cellulolytic microbes in seeds, soil, roots or composting 

areas for enhancing the magnitude of mutualistic microorganisms and stimulating the 

microbial processes involved in enhanced supply of nutrients in forms which are easily 

absorbed or assimilated by the plants (Mishra et al., 2013). Biofertilizer is also described 

as a formulated product that contains one or more microbial strain(s) involved in 

augmenting the nutrient status for growth and yield of plants by either improving nutrients 

availability to plants or substituting the soil nutrients for improved access of plants to 

nutrients (Malusá and Vassilev, 2014). The organic matter is used as a career material for 

bacterial growth which has significant role in biofertilizers as it is involved in providing 

optimal amount of active microorganisms under field conditions. A suitable carrier 

material offers better niche, long lasting storage and easy hold thereby refining the 

performance of biofertilizers (Mishra and Dadhich, 2010). It also assists the bacterial 

survival by providing appropriate microenvironment. The application of organic 

amendments is also useful in improving the biological properties of soils (Tejada et al., 

2006).   
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2.28. Advances in Fertilizers 

At present, bioactivated nutrient fortified fertilizers (BNFF) are being used to 

supply micronutrients along with macronutrients, and the focus is being shifted in 

formulating secondary and micronutrient fortified/customized fertilizers. These value 

added fertilizers are encouraged because of several issues related to fertilizer usage 

including; imbalanced use, inappropriate availability, reduced efficiency to crop response 

ratio, lack of nutrient management resulting in reduced yield and productivity. Customized 

or fortified fertilizers are an amalgamation of multi-nutrient carriers satisfying the crops’ 

nutrients requirement depending on surface area, soil types and plant growth stage. In this 

way, a nutrient fortified fertilizer supports the plants by supplying specific nutrients and 

offering site specific nutrient management for attaining maximum FUE (fertilizer use 

efficiency) for target nutrient in a cost effective manner. There is an abrupt requirement to 

formulate fortified and value added fertilizers particularly micronutrient fortified 

fertilizers; and the main focus is to achieve maximum yield with limited fertilizer use (as 

micronutrients will be supplied along with macronutrient and they would not need 

separate/independent application); thereby reducing labor, enhancing fertilizer use 

efficiency and profitability for farmers. Several researchers are involved in the 

development of innovative fertilizers with highly improved efficiency (Shaviv, 2000, 2005; 

Trenkel, 2010). Slow and controlled release fertilizers are developed to restrict or control 

the release pattern of nutrients in soil to better fulfill nutrients requirements for plants. Such 

fertilizers are usually known as enhanced-efficiency fertilizers (EEFs) because application 

of these fertilizers even in smaller amounts compared to commercial/ traditional fertilizers 

results in almost similar or higher crop yield (Trenkel, 2010). Such fertilizers are also 

known as environmentally smart fertilizers (ESFs) as these are involved in reducing 

environmental pollution by lessening nutrient losses. Relatively innovative and highly 

advanced fertilizers with tailored-programmed release are also referred to as intelligent 

fertilizers (IFs) (Lu et al., 2013; Timilsena et al., 2014). 

2.29. Conclusion 

 In inference, the application of boron and phosphorus along with PGPR is highly 

important in improving plant growth. However, the issues involved with the fertilization 
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of these nutrients needs special fertilizer technologies and management practices. The 

fertilizer use efficiency of phosphorus is less than 25%. Meanwhile, the availability of 

boron and its uniform distribution are main issues throughout the world. The coating of 

boron on DAP along with the addition of microbial strains could supply boron and 

phosphorus at single application. Research has been done on coated fertilizers however 

coating of bioaugmented boron on DAP has not been done yet.  The present study aimed 

to develop an innovative technology to enhance fertilizer use efficiency of phosphorus 

along with uniform distribution and proper supply of boron. It could also reduce labor 

required for the application of boron. In this way, several issues associated with the 

application and availability of two essential plant nutrients (B and P) could be resolved at 

once. Thus, the formation of a complex fertilizer supplying macro- and micro-nutrients 

(boron and phosphorus) along with plant growth promoting rhizobacteria could be a 

milestone for improving crop yield and farmers profit by being an environmentally friendly 

approach.  
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CHAPTER 3                             MATERIALS AND METHODS 

 

A set of laboratory and growth room experiments were conducted for subsequent 

selection of pre-isolated strain for boron (B) tolerance. The most effective B tolerant 

bacterial strain was characterized for several growth promoting traits. It further led to the 

formulation of organically-complexed bioaugmented boron coated DAP (DAP-B) which 

was tested for enhancing growth, yield and oil content of Brassica species by conducting 

pot and field trials.   

3.1 Screening of bacterial strains for B tolerance  

The bacterial strains S-5, MN-34, MN-42, MN-17, MN-54 and MN-13 were 

collected from Soil and Environmental Microbiology Laboratory, Institute of Soil and 

Environmental Sciences, University of Agriculture Faisalabad, Pakistan. These strains had 

already been evaluated for enhancing growth and yield of canola and maize crops (Naveed 

et al., 2014; Yang et al., 2016). The growth of six bacterial strains was assessed in tryptic 

soy broth (TSB) medium at different levels of boron (0, 60, 120 and 180 mM). For 

screening, the pure cultures of all isolates were grown in 250 mL Erlenmeyer flasks 

containing 100 mL sterilized TSB medium. The flasks were placed in a shaking incubator 

at 28±2 oC and 150 rpm for 72 hours. Further, experiment was done in 100 mL Erlenmeyer 

flasks containing 50 mL sterilized TSB medium along with aforementioned levels of boron. 

The bacterial inoculum adjusted to OD of 0.6 to obtain uniform bacterial population of 108 

to 109 CFU mL-1 was applied at the rate of 1 mL per 100 mL medium and incubated for 72 

hours at 28±2 oC and 150 rpm. Bacterial growth was estimated by measuring optical 

density at 600 nm wavelength using spectrophotometer (Thermo Electron Corporatio, 

Evolution-300LC, England) (Ahmad et al. 2007a).  

Based on the ability to tolerate high concentration of B, the strain MN-54 (Bacillus 

sp.) was selected for further investigations.  

3.2 Growth of B tolerant Bacillus sp. MN-54 in the presence of different carbon 

sources 

The growth of selected boron tolerant bacterium was assessed in the presence of 

different carbon sources (glucose, glycerol and molasses) to find out the most efficient 

carbon source. For this purpose, TSB broth was prepared and each carbon source at the 
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rate of 0.25, 0.50, 0.75 and 1% was added. The sterlized TSB broths having different 

concentrations of carbon sources were inoculated with selected strain. The broths were 

incubated in a shaker at 150 rpm and 28±2 oC while, the optical density (OD) was measured 

by spectrophotometer at 600 nm after 72 hours (Fig. 1). After selecting the most effective 

carbon source for bacterial strain MN-54, the growth curve was also constructed at 

different levels of B and molasses. Optical density was measured after 2, 4, 6, 8, 24, 72 and 

90 hours. The growth curve was obtained by plotting OD of Bacillus sp. strain MN-54 

(measured in the presence of boron and molasses) against time (Ahmad et al., 2007a).  

3.3 Plant growth promoting traits of MN-54 

3.3.1. Phosphorus solubilization  

Phosphorus solubilization potential of selected strain MN-54 was analyzed 

qualitatively and quantitatively in National Botanical Research Institute’s phosphate 

(NBRIP) growth medium (Mehta and Nautiyal, 2001). The composition of the medium 

was (g L-1): Ca3(PO4)2 (5), MgSO4.7H2O (0.25), MgCl2.6H2O (5), (NH4)2SO4 (0.1), 

glucose (10) and KCl (0.2). This media was further amended with different levels of B (0, 

60, 120 and 180 mM) and molasses (0.25, 0.5, 0.75 and 1%). The NBRIP medium without 

B and molasses was used as control. For quantitative estimation of inorganic phosphate 

solubilizing activity of bacterium, 50 mL NBRIP broth amended with different levels of B 

and molasses were taken in 100 mL Erlenmeyer flasks inoculated with selected bacteria. 

The flasks in triplicates were incubated under shaking conditions at 28±2 oC and 150 rpm 

for three days. The supernatant was obtained by centrifugation at 8000 rpm for 10 minutes. 

The available P content of each sample were determined using colorimetric method and 

measuring the absorbance at 420 nm by spectrophotometer (Olsen and Sommers, 1982). 

In agar assay, aforementioned NBRIP media containing B and molasses was further 

supplemented with 1.5% agar and poured into autoclaved Petri dishes. The strain MN-54 

was cultured in TSB medium and spot inoculated in the center of the agar plates using 

sterile needle. The plates were incubated at 28±2 oC. The colony and halo zone diameters 

were measured after 2 weeks of incubation as P solubilization was slow at beginning. 

Phosphorus solubilizing potential of MN-54 was determined by calculating phosphorus 

solubilization index (PSI) which is the ratio between total diameter (halo zone + colony) 

to the colony diameter (Edi-Premono et al., 1996; Babana et al., 2013).  
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3.3.2. Other plant growth promoting traits of MN-54 

The strain MN-54 was characterized for IAA (Indole-3-acetic acid) following the 

method of Sarwar et al. (1992) and organic acid production (Butsat et al., 2009) in the 

presence of different concentrations of B and molasses as mentioned above. Siderophores 

production was determined qualitatively by Schwyn and Neilands, (1987). The ACC-

deaminase activity of strain MN-54 was assessed by following the method as described by 

Penrose and Glick (2003). 

3.4. Soil incubation and plant growth experiments 

A growth room study was conducted in ISES, UAF to measure temporal release of B and 

P in soil by strain MN-54. The soil used in pots was collected from the research field of 

ISES. The soil was sandy clay loam in nature with pH 7.5, CaCO3 5.6%, saturation 

percentage 30.3%, available P 5.1 mg kg-1 and B 0.29 mg kg-1. Pots were filled with 500 g 

sieved and air dried soil. Canola was grown under four levels of P i.e., 25, 50, 75 and 100% 

of recommended dose each with 0.5, 1.0 and 1.5% B, further inoculated with MN-54. 

However, uninoculated soil (without MN-54) and incoulated soil (with MN-54) both 

without any fertilization were used as control treatments. Pure culture of Bacillus sp. strain 

MN-54 was applied at 5 mL pot-1 and 15 mg P kg-1 of soil was used as 100% recommended 

dose of P. The moisture contents of soil were maintained by applying tap water. The 

concentrations of B and P were determined with seven days interval using 

spectrophotometer (Bingham, 1982; Olsen and Sommers, 1982). Later, a plant growth 

experiment was conducted to evaluate the efficacy of strain MN-54 at different levels of B 

and P for improving canola growth. Similar treatments were followed however, 100% P 

without B and inoculation with MN-54; and 100% P inoculated with MN-54 but without 

B application were maintained as control. Five seeds of canola per pot were sown which 

were thinned to one plant per pot. The recommended doses of N, P and K were applied at 

45, 12.5 and 20 mg kg-1, respectively. After 3 weeks, crop was harvested and growth 

parameters including shoot length (cm), root length (cm), shoot fresh weight (g), shoot dry 

weight (g) and root dry weight (g) were recorded. Chlorophyll contents were measured by 

a light weight handheld SPAD meter.  
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3.5. Preparation of organically complexed-bioaugmented boron coated DAP  

The organic material (press mud) was oven dried at 80 oC, ground, sterilized and 

cooled. The inoculum was prepared in TSB medium and incubated to achieve 107 to 108 

CFU mL-1. The slurry was prepared by adding organic matter (60%), inoculum (20%) and 

molasses (20%). Incubation was performed for 72 hours at 28±2 oC in an incubator. It 

resulted in the development of 107 to 108 CFU g-1 population of selected bacterial strain. 

This slurry was further amended with 1% B by using boric acid at 58.8 g L-1, and incubated 

for 3 days at 28±2 oC in an incubator to achieve maximum chelation of B with organic 

material along with the viability of maximum bacterial population of 107 to 108 CFU g-1. 

These bioaugmented B formulations were coated on DAP in the ratio of 1.5:1, 1:1 and 1:2 

which resulted in the formulation of 0.5, 1 and 1.5% DAP-B, respectively.  

3.6. Pre-sowing soil analyses 

Before conducting the experiment, soil sample was analyzed for several physical 

and chemical characteristics viz. soil texture determination via particle size analysis 

(Bouyoucos, 1962), soil pH (McLean, 1982), soil ECe (Richards, 1954) and organic matter 

content (Nelson and Sommer, 1982). Moreover, extractable potassium (Simard, 1993), 

phosphorus (Olsen and Sommers, 1982), nitrogen (Bremner and Mulvaney, 1982) and 

boron (Bingham, 1982) were also analyzed. The results of soil analysis are given in Table 

1.  

3.6.1. Soil textural analysis 

For determining texture of soil being used in the experiment, 50 g of soil was 

collected where 40 mL of sodium hexa-metaphosphate (NaPO3)6 solution with 1% 

concentration was added  which was further mixed with 250 mL deionized distilled water. 

The solution was kept overnight. Next day, soil was stirred using a mechanical stirrer for 

5-10 minutes and then transferred to 1000 mL graduated cylinder and final volume was 

made with distilled water up to the mark. Bouyoucos hydrometer was used for taking two 

readings i.e. after 40 seconds and 2 hours (Bouyoucos, 1962). The textural class was 

designated by USDA Textural Triangle. 
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3.6.2. pH of saturated soil paste (pHs) 

The pH of soil was determined by preparing saturated soil paste. For this purpose, 

250 g soil was taken and paste was prepared using distilled water. The saturated soil paste 

was kept for one hour and then pHs was recorded (McLean, 1982) by using Kent Eil 7015 

pH meter. 

3.6.3. Electrical conductivity (ECe) 

 The electric conductivity of soil was determined by taking extract from saturated 

soil paste using vacuum pump while digital Jenway conductivity meter was used for 

measuring ECe from soil extract (Richards, 1954). 

3.6.4. Organic matter 

For the determination of organic matter, 1 g soil was mixed with 10 mL of 1N 

potassium chromate (K2CrO4) and 20 mL of concentrated H2SO4. After that, 150 mL 

distilled water and 25 mL ferrous sulfate of 0.5 N concentration were added. The filtrate 

was titrated against 0.1 N KMNO4 to get pink end point (Nelson and Sommer, 1982).  

3.6.5. Total nitrogen 

Nitrogen was determined by sulphuric acid digestion while distillation was 

performed with Kjeldhal’s apparatus (Bremner and Mulvaney, 1982). 

3.6.6. Available phosphorus 

For the analysis of available phosphorus, five grams soil was extracted using 0.5 M 

sodium bicarbonate solution. After filtration, 100 mL volumetric flask was taken where 5 

mL filtrate and 5 mL ascorbic acid as color developing agent was added. Final volume was 

made using distilled water. Absorbance was recorded using spectrophotometer (Thermo 

Electron Corporatio, Evolution-300LC, England) at 880 nm wavelength. The concentration 

of available P was determined using standard curve (Olsen and Sommers, 1982). 

3.6.7. Extractable potassium 

  Soil extract was taken with the help of 1 N ammonium acetate, NH4OAc (pH 7) 

and extractable K was determined by Jeway PFP-7 flame photometer (Simard, 1993). 

3.6.8. Soil boron 

Soil boron was determined by using “Hot-water extractable method” introduced by 

Berger and Truog (1939) where available boron in soil was measured calorimetrically. 

Extraction was performed using activated charcoal. For this purpose, 10 g soil was weighed 
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and mixed with 0.2 g activated charcoal and 20 mL distilled water. The solution was boiled 

for 5 minutes on hot plate, cooled and filtered. After that, 1 mL aliquot was mixed with 2 

mL buffer solution and 2 mL azomethine-H solution, and mixed well. Absorbance was 

recorded using spectrophotometer at 420 nm. The concentration of available B was 

determined using standard curve (Bingham, 1982). 

3.7. Evaluation of temporal release of B and P from organically complexed-

bioaugmented boron coated DAP in soil  

An incubation experiment was conducted in the wire house of ISES, UAF to 

investigate the rate of release of B and P with time. Soil for incubation experiment was 

collected from surface layer (0-15 cm depth) of the research area of ISES, UAF. It was 

cleaned, air dried, ground and then sieved using 2 mm sieve. Pots having 1 kg capacity 

were filled with 0.5 kg soil. Experiment included comparison of 14 treatments with 3 

replications and was conducted under completely randomized design. Before application 

of fertilizer, soil was irrigated with tap water to maintain moisture contents at 35% field 

capacity. Considering plant life cycle, soil B and P concentrations were analyzed 7 times, 

each with 2 weeks’ interval using spectrophotometer (Bingham, 1982; Olsen and Sommers, 

1982).  

The treatment plan is given below: 

T0 = C (-):  Recommended N, P, K  

T1 = C (+): Recommended N, P, K, B  

T2:  0.5% DAP-B at 25%* 

T3:  0.5% DAP-B at 50%  

T4: 0.5% DAP-B at 75% 

T5:  0.5% DAP-B at 100%  

T6: 1% DAP-B at 25% 

T7: 1% DAP-B at 50% 

T8: 1% DAP-B at 75% 

T9: 1% DAP-B at 100% 

T10: 1.5% DAP-B at 25% 
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T11:  1.5% DAP-B at 50% 

T12: 1.5% DAP-B at 75% 

T13: 1.5% DAP-B at 100% 

(*= levels compared to recommended dose of commercial DAP for Brassica) 

3.8. Pot experiment 

Different formulations of organically complexed-bioaugmented boron coated DAP 

were evaluated for their effect on growth, physiology, yield and oil content of crops in pot 

experiment at ISES, UAF. Pots were filled with soil taken from the research area of ISES, 

UAF. Soil was cleaned, air dried, ground and sieved using 2 mm sieve. After that, it was 

mixed thoroughly and pots were filled with 15 kg soil.  

Experiments included comparison of various treatments with 3 replications and 

were conducted under completely randomized design. The treatment plan was kept same 

to analyze the best level of organically-complexed bioaugmented boron coated DAP 

compared to “recommended DAP” under pot experiment. Before sowing, soil was irrigated 

with tap water to maintain moisture level at 35% of field capacity. The fertilizers were 

applied at the time of sowing except nitrogen source (urea), which were applied in two 

splits i.e. first application was done at the time of sowing and then at flower initiation. For 

T0 and T1, recommended dose of N, P2O5, K2O (90, 60, and 50 kg ha-1, respectively) were 

applied using urea, diammonium phosphate (DAP) and sulphate of potash (SOP), 

respectively. However, in T1 recommended amount of boron at 2.5 kg ha-1 was added using 

boric acid as a source of boron. The nitrogen and potassium sources were same i.e. urea 

and SOP, respectively while bioaugmented boron coated DAP formulations were applied 

as a source of boron and phosphorus. Five seeds of Brassica napus and Brassica juncea 

were sown per pot, which were thinned to 1 plant per pot after one week. The plants were 

irrigated as and when required. 

Plant samples were analyzed on the basis of various physiological parameters 

(photosynthetic rate, transpiration rate, stomatal conductance, chlorophyll content) and 

growth parameters (plant height, shoot length, root length, fresh and dry shoot biomass, 

fresh and dry root biomass). After digestion of plant samples several chemical parameters 
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i.e. N, P, K and B concentration in shoots, roots and grains were analyzed. The yield 

parameters and oil content were also determined. The pre-sowing soil analyses were 

performed as mentioned in section 3.7. 

3.9. Data collection 

Standard procedures were followed to record the data of several parameters which 

were observed during various growth stages, at and after crop harvest. The physiological, 

growth, chemical, yield and quality parameters recorded during research period are 

mentioned below. 

3.9.1. Physiological parameters 

During morning (10 am), the physiological parameters i.e. stomatal conductance 

(gs), transpiration rate (E) and photosynthetic rate (A) were recorded after 25 days of 

sowing by using portable CIRAS-3. 

3.9.2. Leaf chlorophyll content (SPAD Value) 

The chlorophyll content of leaves were recorded after 25 days of sowing by using 

Minolta SPAD 502 meter (Welburn, 1994). The second fully ledged leaf was selected for 

the determination of chlorophyll content. Three replications were recorded from each plant.  

3.9.3. Growth parameters 

At harvest, various growth parameters were analyzed where shoot and root length 

was measured by meter scale from top to bottom in centimeters. Fresh weight of roots and 

shoots of plants were measured in grams using digital balance. After that, root and shoot 

samples were oven dried at 65 oC for 24 hours and then dry roots and shoots were weighed 

(g) on digital balance.  

3.9.4. Yield parameters 

At maturity, number of flowers per plant, number of pods per plant were counted 

manually while pod length was measured using meter rod (cm). After harvest, number of 

seeds per pod were recorded manually whereas 1000 grain weight (g) was weighed on 

digital balance. 

3.9.5. Quality parameters 

The parameters like crude fiber, ash and oil content were analyzed using following 

methods. 
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3.9.6. Oil content 

To determine oil from each sample, soxhelt apparatus was used following AACC 

(2000) method No. 30-25. For this purpose, 5 g flour sample was extracted using petroleum 

ether at condensation rate of 2-3 drops per second for 8 hours. After distillation of excess 

ether, the residues from the flask were dried for 30 min at 100ºC. Following formula was 

used to calculate the oil content. 

 

% Oil =  
 Weight of ether extract  

Weight of flour sample
X 100 

3.9.7. Crude fiber (CF) 

The determination of crude fiber content were done by following the AACC (2000) 

Method No. 32-10. For this reason, 2 g fat and moisture free sample was boiled for 30 min. 

in the presence of 1.25% H2SO4, filtered and washed. The samples were again boiled in 

1.25% NaOH solution for 30 minutes which were filtered and washed. The remained 

residues were dried at 130 ºC for 2 hous and weighed. These dried residues were ignited at 

600ºC ± 15 ºC which were cooled down and reweighed. The following formula was used 

to calculate crude fiber. 

% Fiber content =  
 Loss in weight on ignition − Weight of blank  

Weight of sample
X 100 

 

3.9.8. Ash content 

 The flour was further analyzed for ash content following AACC (2000) method No. 

08-01. The grain samples were taken in tared crucibles which were charred on bunson 

burner before being incinerated in muffle furnace at 550oC to achieve grayish white 

residues. 

% Ash content =
Weight of residues  

Weight of sample
 X 100 

3.10. Plant Analysis 

3.10.1. Digestion 

The dried and finely ground shoots (0.1g) were digested using sulphuric acid 

(H2SO4) and hydrogen peroxide (H2O2) according to the method of Wolf (1982). For this 
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purpose, plant sample (0.1g) was placed in digestion tubes where 2 mL concentrated 

sulphuric acid and 1 mL H2O2 (35% A. R. grade extra pure) was added. The digestion tubes 

were incubated overnight at room temperature. Tubes were kept in a digestion block and 

heated until fumes were produced at 350°C. Mixture was continued to heat for another half 

hour. Then, digestion tubes were removed from the block and cooled. After that, 1 mL of 

H2O2 was slowly added and tubes were placed back into the digestion block until fumes 

were produced for 20 min. Again digestion tubes were detached. Above step was repeated 

until colorless material was obtained. The final volume of extract was made up to 20 mL 

using distilled water. The samples were filtered and used for the determination of mineral 

elements.  

3.10.2. Determination of Phosphorus  

Phosphorus was determined using Olsen method (ICARDA, p.132). 

3.10.3. Determination of Boron  

Boron was determined using Hot Water method (Bingham, 1982). 

3.11. Field experiment  

A field trial was conducted in the research area of Institute of Soil and 

Environmental Sciences, University of Agriculture, Faisalabad. The experiment was 

planned to assess different formulations of organically-complexed bioaugmented boron 

coated DAP by analyzing their effects on growth, physiology, yield and oil content of 

Brassica sp. under field conditions. During this experiment, similar treatment plan was 

followed as in pot trial to analyze the best level of organically-complexed bioaugmented 

boron coated DAP compared to traditionally used DAP under field conditions. Before 

sowing, soil was irrigated using water channels and fertilizers were applied at the time of 

sowing except urea, applied in two splits. First application of urea was done at the time of 

sowing and second application was done at flower initiation. Recommended dose of N, 

P2O5 and K2O at 90, 70, and 50 kg ha-1 was applied using urea, diammonium phosphate 

(DAP) and sulphate of potash (SOP), respectively. Seeds were sown at 5 kg ha-1 and plants 

were irrigated two to three times depending on weather conditions. Plant samples were 
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analyzed on the basis of different parameters. Physiological parameters (photosynthetic 

rate, transpiration rate, stomatal conductance) were measured using CIRAS 3 at peak 

vegetative growth stage. After harvesting, growth parameters (plant height, shoot length, 

root length, fresh and dry shoot biomass, fresh and dry root biomass), chemical parameters 

(P, N, K and B), yield parameters, chlorophyll content and oil content were determined for 

further evaluation of DAP-B formulations. Pre-sowing soil analysis were done as 

mentioned in section 3.6 and Table 1. 

3.12. Data collection 

Same as described in sections 3.9 and 3.10. 

Statistical analysis 

The data were subjected to analysis of variance where CRD (completely 

randomized design) was used for pot experiments. Meanwhile, the data of field experiment 

was subjected to statistical design RCBD (randomized complete block design). The effects 

of different treatments were evaluated by Analysis of Variance (ANOVA) technique. 

Tukey’s test was applied to separate significantly different treatment means (Steel et al., 

1997) by using Statistics 8.1 software. Significant differences among treatments were 

considered at p < 0.05. 
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Table 1. Physicochemical properties of soil used for pot and field experiments 

Parameters Units Values 

Sand (%) % 52 ± 0.25 

Silt (%) % 26 ± 0.36 

Clay (%) % 22 ± 0.39 

Textural Class …… Sandy clay loam 

CaCO3 % 5.21 ± 0.27 

pHs …… 7.60 ± 0.19 

ECe dS m-1 2.01 ± 0.07 

Organic matter % 0.77 ± 0.09 

Total Nitrogen % 0.05 ± 0.03 

Available Phosphorous mg kg-1 5.01 ± 0.06 

Extractable Potassium mg kg-1 80.9  ± 0.72 

Available Boron mg kg-1 0.21 ± 0.03 

 

Each value is a mean of three replications ± SE 
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CHAPTER 4                   RESULTS 

 

Boron is a micronutrient with unique property of having narrow range between its 

deficiency and toxicity for plants. On the other hand, phosphorus is an important growth 

limiting macronutrient. The low availability of P is due to its high fixation and slow 

diffusion in the soil, which renders P as one of the major limiting factors for the growth 

and development of plants. The application of boron and phosphorus is highly important 

as most of the Pakistani soils, being calcareous in nature, fail to supply these essential 

nutrients in sufficient quantity to plants. Meanwhile, application of PGPR is of worldwide 

interest as it is an environmentally safer approach and preferred over chemical fertilizers. 

The complex fertilizers are also gaining attention due to several issues i.e. imbalanced use 

of fertilizers, inappropriate availability of nutrients, reduced efficiency to crop response 

ratio and lack of nutrient management which results in reduced crop yield. The present 

study deals with the selection of boron tolerant phosphorus solubilizing bacterial strain 

which was also tested for several plant growth promoting traits like, production of auxin, 

siderophores and ACC-deaminase. The Bacillus sp. strain MN-54 was used for the 

development of 0.5, 1 and 1.5% organically-complexed bioaugmented boron coated DAP 

(DAP-B). Further assessment of different formulations of DAP-B was done for analyzing 

growth, yield and oil content of Brassica species by conducting pot and field trials. 

 

Selection of Boron Tolerant Phosphorus Solubilizing Bacterium for Improving Plant 

Growth  

4.1. Screening of bacterial strain for B tolerance  

Six pre-isolated bacterial strains (S5, MN-34, MN-42, MN-17, MN-54 and MN-13) were 

tested for their tolerance capability to different levels of B in liquid culture by measuring 

optical density after 72 hours at 600 nm. All bacterial strains were able to survive under 

different levels of B with variable efficacy. The Bacillus sp. strain MN-54 showed 

maximum B tolerance compared to other strains cultured in TSB medium containing 60, 

120 and 180 mM B, however optimal growth was observed without B application (Table 

2). The other bacterial strains i.e. S5, MN-34, MN-42, MN-17 and MN-13 showed 
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significant reduction at higher level of B compared to Bacillus sp. strain MN-54. The 

bacterial strain, MN-13 was found most sensitive as it showed maximum growth reduction 

(-81%) at 180 mM B. The strains S5, MN-34, MN-42, MN-17 and MN-13 showing 

reduced growth of 67, 44, 56, 66 and 81%, respectively, in the presence of 180 mM B, 

were excluded for further studies while Bacillus sp. MN-54 was selected as it performed 

significantly better and showed minimum reduction (4.7%) at 180 mM compared to other 

strains.  

4.2. Growth of B tolerant bacteria in the presence of different carbon sources 

The efficient carbon source for the growth of selected bacterial strain MN-54 was 

determined by using glucose, glycerol and molasses at 0, 0.25, 0.5, 0.75 and 1%. It was 

found that higher level of carbon sources supported the growth of Bacillus sp. MN-54 

compared to lower levels. Maximum increase in bacterial growth (47.8%) was observed in 

the presence of 1% molasses while glucose and glycerol applied at same level also 

improved the growth of bacteria up to 12.5% and 14.3%, respectively. Keeping this in 

view, molasses was selected as an effective carbon source for Bacillus sp. strain MN-54 

(Fig. 1). 
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Table 2. Effect of different concentrations of boron in tryptic soy broth (TSB) on growth of 

selected bacterial strains 

 

 

Strains 

 

Bacterial Growth (OD600) 

 

0 mM B 60 mM B 120 mM B 180 mM B 

MN-13 1.24 f 0.66 m 0.28 t 0.23 u 

MN-54 1.69 b 1.73 a 1.65 c 1.61 d 

MN-42 1.41 e 1.04 h 0.89 g 0.61 n 

MN-34 0.98 i 0.73 l 0.62 n 0.55 p 

S-5 1.19 g 0.87 k 0.58 o 0.30 s 

MN-17 0.91 j 0.54 p 0.48 q 0.37 r 

Data are shown as mean of three replications while means sharing different letters, within 

column or row, differ significantly according to Tukey’s test at p ≤ 0.05 

OD: Optical density 

 

Fig. 1 Effect of different carbon sources on growth of Bacillus sp. MN-54  

*The bar graph is showing mean values of three replications while bars sharing different 

letters differ significantly according to Tukey’s test at p ≤ 0.05 
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4.3. Growth curves of MN-54 in the presence of boron and molasses 

The combined effect of molasses and B on the growth of Bacillus sp. MN-54 was 

investigated by preparing bacterial culture in TSB with different levels of molasses (0.25, 

0.5, 0.75 and 1%) and boron (60, 120 and 180 mM). It was observed that bacterial growth 

was improved in treatments where different levels of molasses were applied as a carbon 

source compared to no application of molasses at any level of B application (Fig. 2). The 

growth curve also described that the MN-54 showed minimum growth where 0.25% 

molasses and 180 mM B were applied. The maximum growth of MN-54 was obtained 

where maximum level of molasses (1%) and minimum level of B (60 mM) was applied. It 

was noted that the application of molasses as an efficient carbon source is useful for 

improving bacterial growth in the presence of B.  

4.4. Plant growth promoting traits of B tolerant bacteria  

The efficiency of Bacillus sp. MN-54 was further analyzed by the determination of auxin 

production and phosphorus solubilization in the presence of B and molasses. It was 

observed that the interaction of higher level of B and molasses improved the auxin 

production and P solubilization by strain MN-54. Therefore, maximum phosphorus 

solubilization (PSI, 4.62 in agar assay; 295.43 mg L-1 in broth assay) and auxin production 

(39.13 µg mL-1) was observed by MN-54 where 180 mM B was applied along with 1% 

molasses (Table 3; Fig. 3). The production of organic acids was also improved in the 

presence of 180 mM of B and 1% molasses (Table 4). B tolerant P solubilizing bacterial 

strain, MN-54 was also characterized for ACC-deaminase activity and siderophores 

production as both characteristics are considered significant for plant growth promotion.  

ACC-deaminase activity of the selected bacterial strain was 0.689 µM α keto µg-1 protein 

hr-1 while MN-54 was also capable of producing siderophores, iron chelating compound.  
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Fig. 2 Growth curve of B tolerant Bacillus sp. MN-54 obtained to analyze the combined 

effect of boron and molasses 

 

Fig. 3 Auxin production (µg mL-1) by Bacillus sp. MN-54 at different levels of boron and 

molasses 

*The bar graph is showing mean values of three replications while bars sharing different 

letters vary significantly according to Tukey’s test at p ≤ 0.05 
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Table 3. Phosphorus solubilizing potential of strain MN-54 in NBRIP agar (index) and 

broth (µg mL-1) medium at different levels of boron and molasses 

 

Treatments 

 

Colony 

diameter 

(mm) 

Halo zone 

diameter 

(mm) 

P solubilization 

index (PSI) 

Soluble P 

concentration 

(µg mL-1) 

Control 4.1 f 5.8 i 2.42 h 228 i 

0.25% M + 60 mM B 4.5 ef 8.3 h 2.84 gh 236 hi 

0.25% M + 120 mM B  4.8 ab 9.3 gh 2.95 fgh 238 h 

0.25% M + 180 mM B  5.0 ab 10.3 g 3.07 e-h 244  fgh 

0.50% M + 60 mM B 5.2 a 12.3 f 3.37 d-g 242  gh 

0.50% M + 120 mM B  5.3 def 13.7 ef 3.58 c-f 247 fg 

0.50% M + 180 mM B  5.5 c-f 14.7 de 3.68 cde 251 ef 

0.75% M + 60 mM B 5.7 b-e 16.03 d 3.81 bcd 258 de 

0.75% M + 120 mM B  6.0  b-e 18.27 c 4.05 abc 264 d 

0.75% M + 180 mM B  6.1 a-d 19.43 c 4.19 abc 274 c 

1.0% M + 60 mM B 6.3 a-d 21.27 b 4.38 ab 280 bc 

1.0% M + 120 mM B  6.4 a-d 22.43 ab 4.50 a 287 b 

1.0% M + 180 mM B  6.6 abc 23.87 a 4.62 a 295 a 

Data are shown as mean of three replications while means sharing different letters, within 

column, differ significantly at p<0.05 

M: Molasses; B: Boron; P: Phosphorus; MN-54: Bacillus sp. 

P Solubilization index = (Halo zone diameter + colony diameter)/colony diameter 
 

Table 4. Bacterial metabolite profiles detected by HPLC by culturing boron tolerant 

Bacillus sp. MN-54 at different levels of boron in TSB medium containing 1% molasses  

Treatments 

Concentrations of organic acids (µg mL-1) 

 

Pyruvic 

acid 

Tartaric 

acid 

Citric 

acid 

Oxalic 

acid 

Malic 

acid 

Malonic 

acid 

Fumeric 

acid 

Succinic 

acid 

0.5% M 71.1 c 105.4 c 32.1 c 0.73 c 128.3 c 22.2 c 69.84 c 20.4 c 

0.75% M 265.8 b 1457.2 b 264 b 21.1 b 1064.7 b 108.8 b 910.80  b 621.4 b 

1% M 1262 a 1605.2 a 306 a 42.40 a 2036.3 a 293.0 a 1148.4 a 4653.6 a 

Data are shown as mean of three replications while means sharing different letters, within 

column, differ significantly at p<0.05 

M: Molasses; B: Boron 
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4.5. Evaluation of temporal release of B and P in soil  

Data of incubation study showed that higher level of B and P improved the release of these 

nutrients in soil in the presence of Bacillus sp. MN-54 (Fig. 4, 5). The selected B tolerant 

P solubilizing strain MN-54 improved B and P release (%) in native soil by 37 and 30%, 

respectively, as compared to un-inoculated soil on 28th day. However, higher P release was 

observed where B and P were applied at higher levels compared to lower levels therefore 

maximum B (0.765 mg kg-1) and P (10.78 mg kg-1) release was noted on 28th day by the 

application of 1.5% B and 100% P in the presence of MN-54. It was also observed that B 

and P application was improved a bit over time but that could not be taken into account. 

4.6. Effectiveness of B, P and inoculation of Bacillus sp. MN-54 on canola growth 

Table 5 shows the growth response (shoot fresh weight, shoot dry weight, root dry 

weight, shoot length and root length) of combined application of B, P and strain MN-54 on 

canola. It was observed that the treatment containing 1.5% B along with 100% P and MN-

54 showed maximum plant growth thereby significantly improving shoot and root length, 

fresh and dry shoot weight, fresh and dry root weight as compared to inoculated (DAP + 

MN-54) and un-inoculated (only DAP) control treatments. Chlorophyll contents (SPAD) 

were also improved compared to inoculated and un-inoculated control. However, a non-

significant difference was observed between chlorophyll content observed in plants 

receiving 1 and 1.5% B at same level of P. In inoculated control, shoot length was increased 

14% compared to un-inoculated control treatment. However, 46% increase in shoot length 

was observed by the combined application of B (1.5%), P (100%) and B tolerant Bacillus 

sp. strain, MN-54 compared to un-inoculated control. Other growth parameters including 

root length, fresh and dry biomass of roots and shoots also showed significant increase in 

the presence of bacterial strain MN-54 along with the application of 1.5% B and 100% P. 

In Fig. 6, it is described that the inoculated control improved the chlorophyll content 

(SPAD) up to 11% compared to un-inoculated control though, 16% increase in SPAD value 

was also observed by the combined application of MN-54, 1.5% B and full dose of P 

compared to inoculated control. 
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Fig. 4 Temporal release of boron (mg kg-1) in the presence of B tolerant P solubilizing 

Bacillus sp. MN-54 at different levels of boron and phosphorus 

 

Fig. 5 Temporal release of phosphorus (mg kg-1) in the presence of B tolerant P solubilizing 

Bacillus sp. MN-54 at different levels of boron and phosphorus 
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Table 5. Effect of different levels of B and P on plant biomass of canola in the presence of B tolerant P solubilizing Bacillus sp. MN-

54 

Treatments Shoot fresh weight (g) Shoot dry weight 

(g) 

Root dry weight (g) Shoot length 

(cm) 

Root length(cm) 

100% P 8.2 g 0.82 ef 0.083 d 15.5 fg 4.8 fg 

100% P + MN-54 9.2 de 0.91 cd 0.090 bcd 17.8 de 5.5 cde 

0.5% B + 25% P + MN-54 5.3 k 0.54 h 0.059 e 9.2 h 3.3 i 

0.5% B + 50% P + MN-54 7.8 h 0.76 f 0.067 e 14.8 g 4.3 g 

0.5% B + 75% P + MN-54 8.9 ef 0.89 de 0.092 bcd 16.9 ef 5.4 de 

0.5% B + 100% P + MN-54 9.5 cd 0.94 cd 0.101 bc 18.2 de 5.8 cd 

1% B + 25% P + MN-54 5.9 j 0.58 gh 0.062 e 10.1 h 3.7 h 

1% B + 50% P + MN-54 8.6 fg 0.87 de 0.088 cd 16.5 efg 5.1 ef 

1% B + 75% P + MN-54 9.7 c 0.97 c 0.097 bcd 18.8 cd 5.9 c 

1% B + 100% P + MN-54 10.5 b 1.06 b 0.107 b 20.2 bc 6.5 b 

1.5% B + 25% P + MN-54 6.3 i 0.64 g 0.062 e 10.8 h 3.9 h 

1.5% B + 50% P + MN-54 9.3 cd 0.91 cd 0.092 bcd 18.1 de 5.7 cd 

1.5% B + 75% P + MN-54 10.9 b 0.97 c 0.102 bc 20.8 b 6.4 b 

1.5% B + 100% P + MN-54 11.5 a 1.16 a 0.121 a 22.8 a 7.1 a 

Data are shown as mean of three replications while means sharing different letters, within column, differ significantly at p<0.05 

B: Boron; P: Phosphorus; MN-54: Bacillus sp.
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Fig. 6 Effect of different levels of B and P on chlorophyll content (SPAD) of canola in the 

presence of B tolerant P solubilizing Bacillus sp. MN-54 

B: Boron; P: Phosphorus 

*The bar graph is showing mean values of three replications while bars sharing different 

letters vary significantly according to Tukey’s test at p≤0.05 
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4.7. Assessment of temporal release of boron and phosphorus (mg kg-1) in soil from 

different formulations of DAP-B  

The study aimed to analyze the rate of release of B and P in soil with respect to time and 

to investigate the effectiveness of different amounts of boron coatings (0.5, 1 and 1.5% B) 

on di-ammonium phosphate (DAP) (Fig. 7, 8). The formulations were applied in soil at 

different levels (25, 50, 75 and 100%) compared to recommended dose of commercial DAP 

required for Brassica. All formulations of organically complexed-bioaugmented boron 

coated di-ammonium phosphate (DAP-B) were comparatively analyzed for their 

effectiveness on the temporal release of B and P. During incubation study, it was described 

that DAP-B fertilizers performed better than uncoated DAP. In case of 0.5% DAP-B, there 

was less gradual release of B compared to other formulations. In case of phosphorus, 

maximum release of P was noted by 1.5% DAP-B compared to 0.5 and 1% DAP-B 

formulations when applied at similar levels. The maximum release of boron (1.08 mg kg-

1) was observed on 10th week where 1.5% DAP-B was applied at 100% however, 0.5% 

DAP-B applied at 100% showed almost similar results with treatment where uncoated B 

and P were applied (T1). The minimum value of boron (0.20 mg kg-1) was analyzed in 

control (To) where B was not applied. It was also noted that most of the formulations of 

organically complexed bioaugmented boron coated DAP showed slower but higher release 

compared to uncoated DAP. However, the application of 1.5% DAP-B at 100% of the 

recommended level of DAP showed higher B release compared to the application of same 

fertilizer at 75%. In case of phosphorus, maximum release of P (11.74 mg kg-1) was 

observed in treatment where 1.5% DAP-B was applied at 100% compared to other levels 

however, there was non-significant difference between phosphorus released at 75 and 

100%. The minimum release of phosphorus (5.08 mg kg-1) was observed at 25% of 1.5% 

DAP-B. The coated formulations, 1 and 1.5% DAP-B showed gradual increase in the 

release of phosphorus with time compared to 0.5% DAP-B. Thus, the release of phosphorus 

was more slow in case of 1.5% DAP-B followed by 1 and 0.5% DAP-B. The formulation 

showing maximum release of P on 10th week i.e. 1.5% DAP-B at 100% improved the 

phosphorus availability up to 23% compared to maximum release of uncoated DAP (T0). 

It was concluded that DAP-B fertilizers showed slow and gradual release of B and P over 
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time compared to uncoated DAP. The availability of B and P was improved by increasing 

the incubation time of different formulations of DAP-B. 

 

 

Fig. 7 (a, b, c) Assessment of temporal release of boron (mg kg-1) in soil from different 

formulations of DAP-B 

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7

2 4 6 8 10

T0 T1 T2 T3 T4 T5

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

2 4 6 8 10

T0 T1 T6 T7 T8 T9

0.0

0.2

0.4

0.6

0.8

1.0

1.2

2 4 6 8 10

T0 T1 T10 T11 T12 T13

(0.5% DAP-B) 

(b)    (1% DAP-B) 

(1.5% DAP-B) 

(a) 

(c) 

X-axis: Interval (Weeks); Y-axis: B (mg kg-1) 



50 
 

 

 

 

Fig. 8 (a, b, c)  Assessment of the temporal release of P (mg kg-1) from different 

formulations of DAP-B in soil 
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Efficacy of different formulations of DAP-B on growth, physiology, yield and oil 

contents of Brassica napus (canola) and Brassica juncea (mustard) in pot experiment 

A pot experiment was conducted in wire house of ISES, UAF to analyze the effectiveness 

of different formulations of organically complexed-bioaugmented B coated DAP by 

investigating the growth, physiology, yield and oil contents of Brassica napus and Brassica 

juncea. For this purpose, three formulations of organically-complexed bioaugmented 

boron coated DAP (0.5, 1 and 1.5% DAP-B) were analyzed at four different levels i.e. 25, 

50, 75 and 100% of recommended P fertilizers. Results were compared with C(-) control, 

where uncoated DAP without B was applied and C(+) control where recommended dose 

of commercial DAP along with B was applied. Significant results were observed in 

treatments where any of the three formulations of DAP-B were applied at 100% compared 

to recommended dose of uncoated DAP. However, 1.5% DAP-B applied at 75% was found 

most effective and economical for both crops under observation (Brassica napus and 

Brassica juncea) compared to other treatments.  

The results of pot experiment are given below: 

4.8. Photosynthetic rate (μmol CO2 m-2 s-1) 

Comparative effectiveness of organically complexed-bioaugmented boron coated DAP 

(DAP-B) was investigated for Brassica napus and Brassica juncea by measuring 

photosynthetic rate (Fig. 9, 10). In case of B. napus (canola), all DAP-B formulations 

showed better response at recommended dose of DAP compared to commercial DAP i.e. 

C(-). At 75% application rate of coated formulations, 1.5% DAP-B indicated maximum 

photosynthetic rate (26.67 μmol CO2 m
-2 s-1) compared to other formulations. Although 1% 

DAP-B also showed significant improvement in photosynthetic rate compared to 

commercial DAP. At 50% application of different formulations, 1.5% DAP-B exhibited 

significant results compared to both control treatments where only DAP i.e. C(-) or DAP 

along with boron i.e. C(+) were applied. However, application of 0.5% DAP-B did not 

show any significantly positive influence on photosynthetic rate. The lowest 

photosynthetic rate was observed at 25% application of 0.5 (15.13 μmol CO2 m
-2 s-1) and 

1% (15.33 μmol CO2 m-2 s-1) DAP-B (Fig. 9). In B. juncea (mustard), highest 
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photosynthetic rate (20.46 μmol CO2 m
-2 s-1) was observed at 75% application rate of 1.5% 

DAP-B formulation. All formulations performed better compared to sole application of 

commercial DAP however, 0.5% DAP-B did not demonstrate significant response as 

compared to uncoated DAP. The treatment where 0.5% DAP-B was applied at 25% 

compared to recommended dose, showed minimum photosynthetic rate (11.07 μmol CO2 

m-2 s-1) (Fig. 10). Both crops under observation performed significantly better at 75 and 

100% application of 1 and 1.5% DAP-B compared to C(-) and C(+). However, highest 

photosynthetic rate (26.67 μmol CO2 m
-2 s-1) was observed in B. napus compared to B. 

juncea. 
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Fig. 9 Effect of different formulations of DAP-B on photosynthetic rate (μmol CO2 m-

2 s-1) of B. napus. Columns show mean values while means sharing different letters 

vary significantly from each other according to Tukey’s test (p<0.05) 

 

 

Fig. 10 Effect of different formulations of DAP-B on photosynthetic rate (μmol CO2 

m-2 s-1) of B. juncea. Columns show mean values while means sharing different letters 

vary significantly according to Tukey’s test (p<0.05)  
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4.9. Transpiration Rate (mmol H2O m-2 s-1) 

The transpiration rate of Brassica napus and Brassica juncea was analyzed by applying 

0.5, 1 and 1.5% organically-complexed bioaugmented boron coated DAP at 25, 50, 75 and 

100% rate compared to recommended dose of DAP (Fig. 11, 12).  

In case of B. napus, the transpiration rate was improved by increasing the dose of different 

formulations of coated fertilizer (Fig. 11). Nevertheless, 1.5% DAP-B applied at 50% 

showed non-significant escalation compared to C(+) containing DAP plus boron although, 

significant increase was observed compared to C(-) which only comprised of commercial 

DAP. At same level of application (50%), 1% DAP-B represented non-significant result 

(5.6 mmol H2O m-2 s-1) compared to 100% application of uncoated DAP (6.1 mmol H2O 

m-2 s-1). The main percent increase in transpiration rate, 43% compared to C(-) and 21% 

compared to C(+), was observed where 1.5% DAP-B was applied at 75% of the 

recommended rate of DAP. Likewise, the transpiration rate of B. juncea was also highest 

(7.7 mmol H2O m-2 s-1) in treatment receiving 1.5% DAP-B at the rate of 75% (Fig. 12). 

Although, there was non-significant difference between transpiration rates measured at 75 

or 100% application of 1.5% DAP-B. It was also illustrated from bar graph that 1.5% DAP-

B applied at 50%, 1% DAP-B applied at 100% and C(+) receiving recommended dose of 

commercial DAP along with boron performed alike in case of both crops.  

The data has described that B. napus showed better response to the application of 

organically-complexed bioaugmented boron coated DAP formulations compared to B. 

juncea. The lowest transpiration rate (3.97 mmol H2O m-2 s-1) was observed in B. juncea at 

25% application of 0.5% DAP-B whereas, maximum transpiration rate (8.70 mmol H2O 

m-2 s-1) was observed in B. napus by applying 1.5% DAP-B at 75%.  
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Fig. 11 Effect of different formulations of DAP-B on transpiration rate (mmol H2O 

m-2 s-1) of B. napus. Columns show mean values while means sharing different letters 

vary significantly according to Tukey’s test (p<0.05) 

 

Fig. 12 Effect of different formulations of DAP-B on transpiration rate (mmol H2O 

m-2 s-1) of B. juncea. Columns show mean values while means sharing different letters 

vary significantly according to Tukey’s test (p<0.05)  
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4.10. Stomatal Conductance (mmol H2O m-2 s-1) 

The effect of 0.5, 1 and 1.5% organically-complexed bioaugmented boron coated DAP at 

25, 50, 75 and 100% application rate compared to recommended dose of DAP was studied 

by measuring stomatal conductance of Brassica napus and Brassica juncea (Fig. 13, 14). 

In case of B. napus, the stomatal conductance was significantly enhanced by increasing the 

application rate of different formulations of coated fertilizer from 25 to 50, 75 and 100% 

(Fig. 13). The coated fertilizer product, 1.5% DAP-B performed better than 0.5 and 1% 

DAP-B. The maximum percent increase of 37% compared to sole application of DAP and 

17% compared to DAP along with boron was observed at 75% application of 1.5% DAP-

B, which further differed non-significantly than 100% application of same coated product. 

It was also noted that 50% application of 1.5% DAP-B performed similar to C(-) where 

recommended dose of simple DAP was applied. In case of B. juncea, higher stomatal 

conductance was observed by the application of 1.5% DAP-B followed by 1% DAP-B at 

all levels (Fig. 14). The treatment where 1.5% DAP-B was applied at 75% showed highest 

stomatal conductance whereas the minimum value of stomatal conductance (105 mmol 

H2O m-2 s-1) was found at 25% application of 0.5% DAP-B. The data has clearly 

represented that 0.5% DAP-B performed the least compared to 1 and 1.5% DAP-B 

however, all formulations of organically-complexed bioaugmented boron coated DAP 

performed better compared to sole application of uncoated DAP. 

It is evident that both crops under study (Brassica napus and Brassica juncea) showed 

significantly higher stomatal conductance by the application of 1 and 1.5% organically-

complexed bioaugmented boron coated DAP at 75 and 100% rate compared to C(-) and 

C(+). However, maximum stomatal conductance (247 mmol H2O m-2 s-1) was observed in 

B. napus which showed better response against the application of different formulations 

compared to B. juncea. 
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Fig. 13 Effect of different formulations of DAP-B on stomatal conductance (mmol 

H2O m-2 s-1) of B. napus. Columns show mean values while means sharing different 

letters vary significantly according to Tukey’s test (p<0.05)  

 

Fig. 14 Effect of different formulations of DAP-B on stomatal conductance (mmol 

H2O m-2 s-1) of B. juncea. Columns show mean values while means sharing different 

letters vary significantly according to Tukey’s test (p<0.05)  
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4.11. Chlorophyll Content (SPAD) 

The chlorophyll content (SPAD) of Brassica napus and Brassica juncea were measured to 

check the comparative effectiveness of 0.5, 1 and 1.5% organically complexed-

bioaugmented boron coated DAP formulations applied at 25, 50, 75 and 100% of 

recommended DAP (Fig. 15, 16).  

In case of B. napus (canola), all formulations of DAP-B performed good at recommended 

dose of DAP compared to simple DAP applied at same level i.e. C(-) (Fig. 15). The highest 

chlorophyll contents of canola (52.1 SPAD-value) was observed at 75% application of 

1.5% DAP-B which were significantly different compared to 1% DAP-B applied at 75% 

(43.2 SPAD-value) and 100% (49.4 SPAD-value). Conversely, application of 0.5% DAP-

B at 100% compared to recommended dose of commercial DAP did not show any 

significantly positive influence on chlorophyll contents. Fifty percent application of 1.5% 

DAP-B improved the chlorophyll content of crop significantly (14%) compared to sole 

application of DAP i.e. C(-) while non-significant reduction (-2%) was observed compared 

to C(+) where DAP plus boron were applied. It was also noted that the chlorophyll content 

of Brassica juncea showed maximum escalation when 1.5% DAP-B was applied at 75% 

(49.0 SPAD-value) however, 100% application of same formulation also responded non-

significantly (47.5 SPAD-value) compared to 75% rate of application (Fig. 16). The 

minimum chlorophyll content were observed at 25% application of 0.5 (26.23 SPAD-

value), 1 (29 SPAD-value) and 1.5% DAP-B (35.6 SPAD-value). All DAP-B formulations 

performed better compared to sole application of commercial DAP. Although, 100% 

application of 0.5% DAP-B did not reveal significant response as compared to uncoated 

DAP. 

The data demonstrated that B. napus showed higher chlorophyll contents (SPAD) by the 

application of any formulation (0.5, 1 or 1.5% DAP-B) compared to B. juncea. Therefore, 

maximum chlorophyll contents (SPAD) were observed in B. napus while minimum were 

noted in B. juncea. 
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Fig. 15 Effect of different formulations of DAP-B on chlorophyll content (SPAD) of 

B. napus. Columns show mean values while means sharing different letters vary 

significantly according to Tukey’s test (p<0.05)  

 

Fig. 16 Effect of different formulations of DAP-B on chlorophyll content (SPAD) of 

B. juncea. Columns show mean values while means sharing different letters vary 

significantly according to Tukey’s test (p<0.05) 
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4.12. Shoot Length (cm) 

The shoot length (cm) of Brassica napus (canola) and Brassica juncea (mustard) was 

analyzed by applying 0.5, 1 and 1.5% organically-complexed bioaugmented boron coated 

DAP at 25, 50, 75 and 100% compared to recommended dose of DAP for both crops (Fig. 

17, 18).  

In case of B. napus, the highest percent increase in shoot length, 48% compared to C(-) and 

23% compared to C(+) was observed where 1.5% DAP-B was applied at 75% of the 

recommended rate of DAP (Fig. 17). Although, there was significant difference between 

shoot length measured at 75 or 100% application of 1.5% DAP-B. It was illustrated from 

data that 1% DAP-B applied at 100%  showed non-significant difference with 1.5% DAP-

B applied at 50%, but significant improvement compared to C(+) receiving recommended 

dose of commercial DAP along with boron. In case of B. juncea, higher shoot length was 

obtained by increasing the level of different formulations of DAP-B (Fig. 18). The product 

1.5% DAP-B applied at 50% showed significant escalation compared to C(-) which only 

comprised of commercial DAP although, non-significant increase was observed compared 

to C(+) containing DAP plus boron. The minimum shoot length (52.23 cm) was recorded 

in treatment receiving 0.5% DAP-B applied at 25%. The application of 0.5% DAP-B at 

75% represented non-significant result (67.9 cm) compared to 100% application of 

uncoated DAP (71.8 cm).  

It is clearly revealed that B. juncea showed higher shoot length by the application of any 

formulation of organically-complexed bioaugmented boron coated DAP compared to B. 

napus. In this way, B. napus showed smallest shoots (43.17 cm) at 25% application of 0.5% 

DAP-B whereas, B. juncea showed longest shoots (106.6 cm) by applying 1.5% DAP-B at 

75% rate of application which differed significantly from all other treatments. 
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Fig. 17 Effect of different formulations of DAP-B on shoot length (cm) of B. napus. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05)   

 

Fig. 18 Effect of different formulations of DAP-B on shoot length (cm) of B. juncea. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05)  
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4.13. Root Length (cm) 

The effect of different formulations of organically-complexed bioaugmented boron coated 

DAP (0.5, 1 and 1.5% DAP-B) applied at 25, 50, 75 and 100% compared to recommended 

dose of DAP was analyzed by measuring the root length (cm) of Brassica napus and 

Brassica juncea (Fig. 19, 20). 

It was observed that the root length of Brassica napus was significantly improved by 

escalating the application rate of different formulations of coated fertilizer from 25 to 100% 

(Fig.19). The coated formulation, 1.5% DAP-B performed better than 0.5 and 1% DAP-B 

at any level of application. The maximum root length was observed where 1.5% DAP-B 

was applied at 75% compared to recommended level of uncoated DAP (35.87 cm) followed 

by 100% (32.86 cm). Moreover, the application of 1.5% DAP-B at 50% showed non-

significant difference with C(+) containing DAP with boron, and significant difference 

with C(-) comprising of only DAP where measured root length among these treatments 

was 29.17, 29.73 and 23 cm, respectively. In case of B. juncea, higher root length (cm) was 

observed by the application of 1.5% DAP-B followed by 1% DAP-B at all levels (Fig. 20). 

Thus, the plants receiving 75% application of 1.5% DAP-B produced longest roots (28.77 

cm) whereas those receiving 25% application of 0.5% DAP-B produced smallest roots 

(15.67 cm). The treatments where 0.5% DAP-B was applied produced shorter roots 

followed by 1% DAP-B which was further followed by 1.5% DAP-B. Although, all 

formulations of organically-complexed bioaugmented boron coated DAP (0.5, 1 and 1.5% 

DAP-B) performed better compared to sole application of uncoated DAP. 

Data has clearly demonstrated that both crops under study (Brassica napus and Brassica 

juncea) showed significantly longer roots by the use of 1 and 1.5% organically-complexed 

bioaugmented boron coated DAP at 75 and 100% compared to C(-) and C(+). However, 

the root length of B. napus (canola) showed better response against the application of 

different formulations compared to the root length of B. juncea (mustard).  
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Fig. 19 Effect of different formulations of DAP-B on root length (cm) of B. napus. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05)  

 

Fig. 20 Effect of different formulations of DAP-B on root length (cm) of B. juncea. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05)  

fg

bcd

h
gh

fg

de

fgh
ef

cd
bc

fgh

cd

a
ab

0

5

10

15

20

25

30

35

40

C (-) C (+) 25% 50% 75% 100%

R
o
o
t 

le
n

g
th

 (
cm

)

DAP (-B) DAP (+B) 0.5% DAP-B 1% DAP-B 1.5% DAP-B

fg

cd

h
gh

f ef

gh

ef
cd

bc

gh

de

a
b

0

5

10

15

20

25

30

35

C (-) C (+) 25% 50% 75% 100%

R
o
o
t 

le
n

g
th

 (
cm

)

DAP (-B) DAP (+B) 0.5% DAP-B 1% DAP-B 1.5% DAP-B



64 
 

4.14. Shoot Fresh Weight (g) 

The shoot fresh weight of Brassica napus and Brassica juncea was measured to evaluate 

the comparative effectiveness of 0.5, 1 and 1.5% organically complexed-bioaugmented 

boron coated DAP formulations which were applied at 25, 50, 75 and 100% (Fig. 21, 22).  

In case of B. napus, all DAP-B formulations responded better at recommended dose of 

DAP compared to simple DAP applied at same level (Fig. 21). The highest shoot fresh 

weight of canola (141.5 g) was observed at 75% application of 1.5% DAP-B which was 

significantly higher compared to 1% DAP-B applied at 75% (125.2 g). On the contrary, 

100% application of 0.5% DAP-B had not shown any significant influence on shoot fresh 

weight compared to C(+) getting recommended dose of commercial DAP along with boron. 

Fifty percent application of 1.5% DAP-B improved the shoot fresh weight of crop 

significantly (22%) compared to sole application of DAP i.e. C(-) and non-significantly 

(4%) compared to C(+) where DAP plus boron were applied. The shoot fresh weight of B. 

juncea showed maximum escalation when 1.5% DAP-B was applied at 75% (164.8 g) 

however, 100% application of same formulation responded non-significantly (162.5 g) 

compared to 75% rate of application (Fig. 22). The minimum shoot fresh weight (g) was 

observed at 25% application of 0.5, 1 and 1.5% DAP-B which was 81.9 g, 107.5 g and 

114.9 g, respectively. All organically-complexed bioaugmented boron coated DAP 

formulations applied at 100% performed better compared to sole application of uncoated 

DAP. Although, 0.5% DAP-B applied at 100% did not reveal significant response as 

compared to C(+) where DAP plus boron were applied  

The data demonstrated that Brassica juncea showed more shoot fresh weight (g) by the 

application of any formulation (0.5, 1 or 1.5% DAP-B) compared to Brassica napus. 

Therefore, maximum shoot fresh weight was recorded in B. juncea while, it was minimum 

in B. napus. 
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Fig. 21 Effect of different formulations of DAP-B on shoot fresh weight (g) of B. napus. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05)  

  

Fig. 22 Effect of different formulations of DAP-B on shoot fresh weight (g) of B. 

juncea. Columns show mean values while means sharing different letters vary 

significantly according to Tukey’s test (p<0.05)  
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4.15. Shoot Dry Weight (g)  

The shoot dry weight of Brassica napus (canola) and Brassica juncea (mustard) was 

recorded by applying 0.5, 1 and 1.5% organically-complexed bioaugmented boron coated 

DAP at 25, 50, 75 and 100% compared to recommended dose of DAP (Fig. 23, 24). 

In case of B. napus, the highest percent increase in shoot dry weight, 41% compared to C(-

) and 16% compared to C(+) was observed where 1.5% DAP-B was applied at 75% of the 

recommended rate of DAP (Fig. 23). Moreover, there was non-significant difference 

between shoot dry weight measured at 75 or 100% application of 1.5% DAP-B. It is 

elucidated from bar chart that 1% DAP-B applied at 100%  showed significant 

improvement with 1.5% DAP-B applied at 50%, but non-significant difference compared 

to C(+) receiving recommended dose of simple DAP along with boron. In case of B. juncea, 

higher shoot dry weight was recorded by escalating the rate of application of different 

formulations of DAP-B (Fig. 24). However, 1.5% DAP-B applied at 50% showed 

significant increase compared to C(-) which comprised of only commercial DAP although, 

non-significant increase was observed compared to C(+) containing DAP plus boron. The 

same level of application (50%) of 1% DAP-B represented non-significant difference in 

shoot dry weight compared to 100% application of commercial/uncoated DAP. The 

maximum shoot dry weight (53.1 g) was recorded in treatment receiving 1.5% DAP-B at 

the rate of 75%. 

It is evident from data that B. juncea produced more shoot dry biomass by the application 

of any formulation of organically-complexed bioaugmented boron coated DAP compared 

to B. napus. In this way, B. napus showed lowest shoot dry weight (17.23 g) at 25% 

application of 0.5% DAP-B whereas, B. juncea showed highest shoot dry weight (53.1 g) 

by applying 1.5% DAP-B at 75% rate of application. 
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Fig. 23 Effect of different formulations of DAP-B on shoot dry weight (g) of B. napus. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05) 

 

Fig. 24 Effect of different formulations of DAP-B on shoot dry weight (g) of B. juncea. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05) 
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4.16. Root Fresh Weight (g) 

The root fresh weight of Brassica napus (canola) and Brassica juncea (mustard) was 

measured to assess the relative effectiveness of 0.5, 1 and 1.5% organically complexed-

bioaugmented boron coated DAP (DAP-B) fertilizers applied at 25, 50, 75 and 100% of 

recommended DAP (Fig. 25, 26).  

In case of B. napus, all formulations of DAP-B applied at 100% of recommended dose of 

DAP responded better compared to uncoated DAP applied at same level (Fig. 25). The 

maximum root fresh weight of canola (65.6 g) was recorded at 75% application of 1.5% 

DAP-B which was significantly higher compared to 1% DAP-B applied at 75% (51.43 g) 

and 100% (57.73 g). On the contrary, 100% application of 0.5% DAP-B did not show any 

significant influence on root fresh weight compared to C(-) where recommended dose of 

commercial DAP was applied without boron. The application of 1.5% DAP-B applied at 

50% improved root fresh weight of crop significantly (22%) compared to sole application 

of DAP, C(-) while non-significant reduction (-1%) was observed compared to C(+) where 

DAP plus boron were applied. The root fresh weight of B. juncea showed maximum 

increase at 75% application of 1.5% DAP-B (55.93 g) (Fig. 26). The minimum root fresh 

weight (g) was observed at 25% application of 0.5, 1 and 1.5% DAP-B with 24.56, 28.80 

and 33.17 g, respectively. All organically-complexed bioaugmented boron coated DAP 

formulations improved the root fresh biomass compared to sole application of uncoated 

DAP. Although, 100% application of 0.5% DAP-B did not show any significant response 

compared to uncoated DAP. 

The data demonstrated that B. napus showed increased root fresh biomass by the 

application of any formulation (0.5, 1 or 1.5% DAP-B) compared to B. juncea. Therefore, 

the comparison of both crops showd that the maximum root fresh weight was produced by 

B. napus whereas, it was minimum in B. juncea. 
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Fig. 25 Effect of different formulations of DAP-B on root fresh weight (g) of B. napus. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05) 

 

Fig. 26 Effect of different formulations of DAP-B on root fresh weight (g) of B. juncea. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05) 
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4.17. Root Dry Weight (g) 

The effect of 0.5, 1 and 1.5% organically-complexed bioaugmented boron coated DAP at 

25, 50, 75 and 100% application compared to recommended dose of DAP was investigated 

by quantifying the root dry biomass of Brassica napus and Brassica juncea (Fig. 27, 28). 

In Brassica napus, the root dry biomass was improved by increasing the application rate 

of several formulations of coated fertilizers from 50 to 100% of the recommended dose of 

DAP (Fig. 27). The coated fertilizer named 1.5% DAP-B in general performed better than 

0.5 and 1% DAP-B. Likewise, maximum percent increase of 64% compared to the 

application of uncoated DAP without B and 33% compared to C(+) or DAP plus B was 

observed at 75% application rate of 1.5% DAP-B. Though, 100% application of 1.5% 

DAP-B also performed significantly different compared to aforementioned level. It was 

evaluated that 50% application of 1% DAP-B performed non-significantly compared to 

C(+) where recommended dose of simple DAP was applied along with boron. In case of 

B. juncea, an increase in root dry biomass was observed by applying 1.5% DAP-B followed 

by 1% DAP-B as compared to uncoated fertilizer (Fig. 28). The treatment where 1.5% 

DAP-B was applied at 75% showed highest root dry biomass (20.4 g) whereas the least 

value of root dry biomass (7.6 g) was obtained at 25% application of 0.5% DAP-B. The 

data has clearly represented that the root dry weight showed least response to the 

application of 0.5% DAP-B compared to 1 and 1.5% DAP-B however, all formulations of 

coated fertilizers were performing better compared to sole application of uncoated DAP. 

It is ostensible from data that both crops under examination (B. napus and B. juncea) 

showed significant  increase in root dry biomass by the application of 1 and 1.5% DAP-B 

at 75% and 100% compared to C(-) and C(+). However, maximum root dry biomass (24.9 

g) was observed in B. napus (canola) which showed better response against the application 

of different formulations compared to B. juncea (mustard).  
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Fig. 27 Effect of different formulations of DAP-B on root dry weight (g) of B. napus. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05) 

 

Fig. 28 Effect of different formulations of DAP-B on root dry weight (g) of B. juncea. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05) 
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4.18. Crude Fiber (%)  

The percent crude fiber of Brassica napus (canola) and Brassica juncea (mustard) were 

investigated by applying 0.5, 1 and 1.5% organically-complexed bioaugmented boron 

coated DAP at 25, 50, 75 and 100% compared to recommended dose of DAP (Fig. 29, 30). 

In case of B. napus, the highest percent increase in crude fiber, 48% compared to C(-) and 

22% compared to C(+) was observed where 1.5% DAP-B was applied at 75% as compared 

to the recommended rate of DAP (Fig. 29). Moreover, there was significant difference 

between crude fiber content measured at 75 and 100% application of 1.5% DAP-B. It was 

clear from bar graph that 1% DAP-B applied at 100% performed significantly better than 

C(+) receiving recommended dose of simple DAP along with boron but non-significantly 

than 1.5% DAP-B applied at 50%. In B. juncea, higher crude fiber content (%) were 

recorded by rising the amount of various formulations of DAP-B (Fig. 30). However, 1.5% 

DAP-B applied at 50% showed significant increase (30%) compared to C(-) where only 

uncoated DAP without B was applied although, non-significant increment (7%) was 

observed compared to C(+) containing uncoated DAP plus B. By applying half dose of 1% 

DAP-B, non-significant difference in percent crude fiber was observed compared to 100% 

application of uncoated DAP. The maximum crude fiber content (8.6%) was recorded in 

treatment getting 1.5% DAP-B at 75%. 

It is clearly revealed from data that B. napus showed increased crude fiber content due to 

the application of several formulations of DAP-B fertilizers compared to B. juncea. In this 

manner, B. napus showed maximum crude fiber (9.5%) at 75% application of 1.5% DAP-

B whereas, B. juncea showed minimum crude fiber (4.3%) by applying 0.5% DAP-B at 

25% rate of application. 

 

 



73 
 

 

Fig. 29 Effect of different formulations of DAP-B on crude fiber (%) of B. napus. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05) 

 

Fig. 30 Effect of different formulations of DAP-B on crude fat (%) of B. juncea. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05) 
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4.19. Crude Fat (%)  

The change in crude fat content of Brassica napus (canola) and Brassica juncea (mustard) 

was studied by applying different doses (25, 50, 75 and 100% compared to recommended 

dose of DAP) of 0.5, 1 and 1.5% organically-complexed bioaugmented boron coated DAP 

(Fig 31, 32). 

In case of Brassica napus, all DAP-B formulations responded better than simple DAP at 

recommended dose of DAP (Fig. 31). The maximum percent increase of 39% compared to 

sole application of DAP and 16% compared to DAP plus boron was observed by 75% 

application of 1.5% DAP-B though, its 100% application performed non-significantly 

compared to 75%. The crude fat content obtained at 100% application of 1% DAP-B were 

significantly greater than C(+) but significantly lower than 1.5% DAP-B  applied at 75% 

or 100%. Conversely, 100% application of 0.5% DAP-B had not shown any significant 

influence on crude fiber content compared to C(+) where recommended dose of 

commercial DAP along with boron was applied. It was noted that the crude fat (%) of B. 

juncea showed maximum escalation when 1.5% DAP-B was applied at 75% (45.7%) 

however, 100% application of same formulation responded non-significantly (44.2%) 

compared to 75% rate of application (Fig. 32). The minimum percent crude fiber were 

observed at 25% application of 0.5, 1 and 1.5% DAP-B which was 25.3, 29.1 and 31.5%, 

respectively. All DAP-B formulations applied at 100% performed better than sole 

application of uncoated DAP. Although, 0.5% DAP-B did not reveal significant response 

as compared to commercial DAP applied along with boron. 

Data has clearly demonstrated that both crops under experimentation (Brassica napus and 

Brassica juncea) showed significantly higher crude fat content by the use of 1.5% 

organically-complexed bioaugmented boron coated DAP at 75 and 100% compared to C(-

) and C(+). However, the crude fat of B. napus showed better response than B. juncea 

against the application of different formulations. 

 

 



75 
 

 

Fig. 31 Effect of different formulations of DAP-B on crude fat (%) of B. napus. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05) 

 

Fig. 32 Effect of different formulations of DAP-B on crude fat (%) of B. juncea. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05) 

e

c

g
f

de

c

f

d

c
b

e

c

a a

0

10

20

30

40

50

60

C (-) C (+) 25% 50% 75% 100%

C
ru

d
e 

fa
t 

(%
)

DAP (-B) DAP (+B) 0.5% DAP-B 1% DAP-B 1.5% DAP-B

e

c

g
f

e

bc

f

d

bc b

e

bc

a a

0

5

10

15

20

25

30

35

40

45

50

C (-) C (+) 25% 50% 75% 100%

C
ru

d
e 

fa
t 

(%
)

DAP (-B) DAP (+B) 0.5% DAP-B 1% DAP-B 1.5% DAP-B



76 
 

4.20. Ash Content (%) 

The impact of 0.5, 1 and 1.5% organically-complexed bioaugmented boron coated DAP at 

25, 50, 75 and 100% compared to recommended dose of DAP was investigated by 

determining the ash content (%) of Brassica napus and Brassica juncea (Fig. 33, 34).  

In B. napus, the ash contents were significantly improved by increasing the application rate 

of several formulations of coated fertilizer from 25 to 100% of recommended rate of DAP 

(Fig. 33). The coated formulation, 1.5% DAP-B performed better than 0.5 and 1% DAP-

B. Similarly, maximum percent increase in ash content (40%) compared to application of 

uncoated DAP without B or C(-), and 18% compared to C(+) or DAP with B was found at 

75% application of 1.5% DAP-B. Though, 100% application of 1.5% DAP-B showed non-

significant variation compared to aforementioned level. It was also evaluated that 50% 

application of 1% DAP-B performed non-significantly compared to C(-) where 

recommended dose of uncoated DAP was applied. In case of Brassica juncea, an increase 

in ash content was noted by applying 1.5% DAP-B followed by 1% DAP-B (Fig. 34). The 

treatment receiving the application of 1.5% DAP-B at 75% showed maximum ash content 

(7.4%) whereas the minimum ash content (4.5%) were recorded at 25% application of 0.5% 

DAP-B. The ash content (%) showed minimum response to the application of 0.5% DAP-

B compared to 1 and 1.5% DAP-B however, all formulations of DAP-B applied at 100% 

performed better compared to sole application of uncoated DAP. 

The data showed that both crops under observation (B. napus and B. juncea) showed 

significant  increase in ash content (%) by the application of 1.5% DAP-B at 75 and 100% 

compared to C(-) and C(+). However, maximum ash content (8%) were observed in B. 

napus which showed better response against the application of different coated 

formulations compared to B. juncea.  
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Fig. 33 Effect of different formulations of DAP-B on ash content (%) of B. napus. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05) 

 

Fig. 34 Effect of different formulations of DAP-B on ash content (%) of B. juncea. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05) 
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4.21. No. of Flowers Plant-1 

The variation in number of flowers per plant of B. napus (canola) and B. juncea (mustard) 

was analyzed by applying different levels (25, 50, 75 and 100% compared to recommended 

dose of DAP) of 0.5, 1 and 1.5% organically-complexed bioaugmented boron coated DAP 

(Fig. 35, 36). 

In case of Brassica napus, all formulations of DAP-B applied at 100% of recommended 

dose performed better than commercial DAP (Fig. 35). The maximum percent increase of 

35% compared to sole application of DAP without B and 13% compared to DAP with B 

was recorded at 75% application of 1.5% DAP-B. The number of flowers produced at 

100% application of 1% DAP-B were significantly more than C(+) but significantly less 

than 1.5% DAP-B applied at 75%. In addition, it was observed that the no. of flowers per 

plant of B. juncea showed maximum escalation when 1.5% DAP-B was applied at 75% 

(335 flowers plant-1) however, 100% application of same formulation responded non-

significantly (314 flowers plant-1) compared to 1% DAP-B applied at same rate by 

producing 311 flowers plant-1 (Fig. 36). The minimum no. of flowers plant-1 were observed 

at 25% application of 0.5, 1 and 1.5% DAP-B which were 161, 184 and 202, respectively. 

All organically-complexed bioaugmented boron coated DAP formulations applied at 100% 

performed better than the application of uncoated DAP alone. However, the application of 

0.5% DAP-B did not elucidate any significant influence on no. of flowers compared to 

C(+) where recommended dose of commercial DAP along with boron was applied. 

Data has clearly demonstrated that both crops under experimentation (B. napus and B. 

juncea) showed significantly more no. of flowers plant-1 by the use of 1.5% organically-

complexed bioaugmented boron coated DAP at 75 and 100% compared to C(-) and C(+). 

However, the no. of flowers plant-1 of B. napus showed better response than B. juncea 

against the application of different formulations. 
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Fig. 35 Effect of different formulations of DAP-B on no. of flowers plant-1 of B. napus. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05) 

 
Fig. 36 Effect of different formulations of DAP-B on no. of flowers plant-1 of B. juncea. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05) 
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4.22. No. of Pods Plant-1 

The no. of pods plant-1 of B. napus (canola) and B. juncea (mustard) was observed by 

applying 0.5, 1 and 1.5% organically-complexed bioaugmented boron coated DAP at 25, 

50, 75 and 100% compared to recommended dose of DAP (Fig. 37, 38).  

In B. napus, the maximum percent increment in no. of pods plant-1, 34% compared to C(-) 

and 15% compared to C(+) was observed where 1.5% DAP-B was applied at 75% relative 

to the recommended rate of DAP (Fig. 37). Moreover, there was significant difference 

between the no. of pods plant-1 counted at 75 and 100% application of 1.5% DAP-B. It was 

clear from bar graph that 1% DAP-B applied at 100% showed significantly better response 

than C(+) and C(-) but non-significantly than 1.5% DAP-B applied at 50%. In B. juncea, 

greater no. of pods plant-1 were recorded by enhancing the amount of various formulations 

of DAP-B (Fig. 38). However, 1.5% DAP-B applied at 50% showed significant increase 

of 26% compared to C(-) which only included uncoated DAP. Conversely, the application 

of 0.5% DAP-B had not shown any significant influence on no. of pods plant-1 compared 

to C(+) where recommended dose of commercial DAP along with boron was applied. The 

results of treatment receiving 0.5% DAP-B at 100% were comparable to treatment where 

1% DAP-B was applied at 50%.  The maximum no. of pods plant-1 (319) were recorded in 

pots where 75% application of 1.5% DAP-B was done. 

The data has illustrated that B. napus showed increased no. of pods plant-1 due to the 

application of several formulations of DAP-B compared to B. juncea. In this regard, B. 

napus showed maximum no. of pods plant-1 (339) at 75% application of 1.5% DAP-B 

whereas, B. juncea showed minimum no. of pods plant-1 (150) by applying 0.5% DAP-B 

at 25% rate of application. 
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Fig. 37 Effect of different formulations of DAP-B on no. of pods plant-1 of B. napus. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05) 

 

Fig. 38 Effect of different formulations of DAP-B on no. of pods plant-1 of B. juncea. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05) 
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4.23. Pod Length (cm) 

The comparative effectiveness of 0.5, 1 and 1.5% organically complexed-bioaugmented 

boron coated DAP was investigated for Brassica napus and Brassica juncea by measuring 

pod length of plants (Fi.g 39, 40).  

In case of B. napus, all bioaugmented boron coated DAP formulations showed better 

response at recommended dose of DAP compared to commercial DAP or C(-) (Fig. 39). 

At 75% application rate of 1.5% DAP-B, longest pods (10.03 cm) were produced compared 

to other formulations. Although, 1% DAP-B applied at 100% also showed significant 

improvement in pod length compared to commercial DAP. By applying half dose of 1% 

DAP-B, non-significant difference in pod length (cm) was noted compared to 100% 

application of uncoated DAP or C(-). Fifty percent application of 1.5% DAP-B exhibited 

significant results compared to treatment where only DAP was applied i.e. C(-) while non-

significant with treatment where DAP along with boron were applied i.e. C(+). However, 

application of 0.5% DAP-B also showed significantly positive influence on pod length 

compared to C(-).The smallest pods were observed at 25% application of 0.5 (4.4 cm) and 

1% (4.9 cm) organically-complexed bioaugmented boron coated DAP. In B. juncea, 

maximum pod length (8.4 cm) was observed at 75% application rate of 1.5% DAP-B 

formulation (Fig. 40). All formulations of DAP-B applied at 100% performed better than 

sole application of commercial DAP. However, the application of 0.5% DAP-B at 100% 

did not show significantly good response as compared to C(+) containing uncoated DAP 

with boron. The treatment where 0.5% DAP-B was applied at 25% compared to 

recommended dose showed minimum pod length (3.8 cm). 

Both crops under observation performed significantly better at 75 and 100% application of 

1.5% DAP-B compared to C(-) and C(+). However, longest pods were found in B. napus 

compared to B. juncea.  
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Fig. 39 Effect of different formulations of DAP-B on pod length (cm) of B. napus. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05) 

 

Fig. 40 Effect of different formulations of DAP-B on pod length (cm) of B. juncea. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05) 
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4.24. No. of Seeds Pod-1 

The number of seeds pod-1 of Brassica napus and Brassica juncea were counted to evaluate 

the comparative effectiveness of 0.5, 1 and 1.5% organically complexed-bioaugmented 

boron coated DAP formulations which were applied at 25, 50, 75 and 100% of 

recommended DAP (Fig. 41, 42).  

In case of B. napus, the application of organically-complexed bioaugmented boron coated 

DAP formulations at 100% performed better at recommended dose of DAP compared to 

simple DAP applied at same level i.e. C(-) (Fig. 41). The maximum number of seeds pod-

1 of canola (32 seeds) were recorded at 75% application of 1.5% DAP-B which were 

significantly higher compared to 1% DAP-B applied at 75% (27 seeds) and 100% (29 

seeds). However, 100% application of 1.5% DAP-B responded non-significantly compared 

to 75%. In contrast, application of 0.5% DAP-B had not shown any significant influence 

on number of seeds pod-1 compared to C(+) receiving recommended dose of commercial 

DAP with boron. Fifty percent application of 1.5% DAP-B improved the number of seeds 

pod-1 of crop significantly (23%) compared to application of simple DAP without boron or 

C(-) while results were comparable to C(+) receiving application of simple DAP with 

boron. It was also observed that the number of seeds pod-1 of Brassica juncea showed 

maximum escalation when 1.5% DAP-B was applied at 75% (27 seeds per pod) however, 

100% application of same formulation responded non-significantly (24 seeds per pod) 

compared to 75% rate of application (Fig. 42). The minimum number of seeds pod-1 were 

found at 25% application of 0.5, 1 and 1.5% DAP-B which showed 14, 16 and 18 seeds 

pod-1, respectively. All organically-complexed bioaugmented boron coated DAP 

formulations applied at 100% of recommended DAP performed better than solitary 

application of uncoated DAP. Although, 0.5% DAP-B showed non-significant difference 

with uncoated DAP applied with boron. 

The data demonstrated that Brassica napus produced higher number of seeds per pod by 

the application of any formulation (0.5, 1 or 1.5% DAP-B) compared to Brassica juncea. 

Therefore, minimum number of seeds pod-1 were recorded in B. juncea while, maximum 

seeds per pod were found in B. napus. 
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Fig. 41 Effect of different formulations of DAP-B on no. of seeds pod-1 of B. napus. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05) 

Fig. 42 Effect of different formulations of DAP-B on no. of seeds pod-1 of B. juncea. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05) 
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4.25. 1000 Grain Weight (g)  

The effectiveness of 0.5, 1 and 1.5% organically complexed-bioaugmented boron coated 

DAP applied at 25, 50, 75 and 100% was investigated by measuring 1000 grain weight (g) 

of B. napus (canola) and B. juncea (mustard) (Fig. 43, 44).  

In case of B. napus, 1000 grain weight (g) was increased by increasing the application rate 

of different formulations of coated fertilizer from 25 to 100% (Fig. 43). However, 1.5% 

DAP-B applied at 50% showed significant escalation compared to C(-) containing DAP 

without boron and C(+) comprising of commercial DAP with boron. At same level of 

application (50%), 1% DAP-B represented non-significant result (3.13 g) compared to 

100% application of uncoated DAP (3.07 g). The largest percent increase in 1000 grain 

weight, 49% compared to C(-) and 28% compared to C(+), was observed where 1.5% DAP-

B was applied at 75% of the recommended rate of DAP. Although, there was non-

significant difference between 1000 grain weight (g) measured at 75 or 100% application 

of 1.5% DAP-B.  Likewise, the 1000 grain weight (g) of B. juncea was also highest (4.14 

g) in treatment receiving 1.5% DAP-B at the rate of 75% (Fig. 44). It is also illustrated 

from bar graph that 1000 grain weight (g) obtained by the application of 1% DAP-B at 

100% showed comparable results to C(+) receiving recommended dose of commercial 

DAP along with boron. 

It is evident from data that B. napus gave better response to the application of different 

formulations of DAP-B compared to B. juncea. Therefore, the minimum 1000 grain weight 

(2.06 g) was observed in B. juncea at 25% application of 0.5% DAP-B whereas, maximum 

1000 grain weight (4.57 g) was observed in B. napus by applying 1.5% DAP-B at 75%.  
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Fig. 43 Effect of different formulations of DAP-B on 1000 grains weight (g) of B. 

napus. Columns show mean values while means sharing different letters vary 

significantly according to Tukey’s test (p<0.05) 

 

Fig. 44 Effect of different formulations of DAP-B on 1000 grains weight (g) of B. 

juncea. Columns show mean values while means sharing different letters vary 

significantly according to Tukey’s test (p<0.05) 

ef

c

i
h

g
e

h

e
d

c

fg

b

a a

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

C (-) C (+) 25% 50% 75% 100%

1
0
0
0
 g

ra
in

s 
w

ei
g
h

t 
(g

)

DAP (-B) DAP (+B) 0.5% DAP-B 1% DAP-B 1.5% DAP-B

fg

d

j

i
h

e

i

ef

ef

d

g

c

a b

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

C (-) C (+) 25% 50% 75% 100%

1
0
0
0
 g

ra
in

s 
w

ei
g
h

t 
(g

)

DAP (-B) DAP (+B) 0.5% DAP-B 1% DAP-B 1.5% DAP-B



88 
 

4.26. Oil Content (%) 

The relative impact of 0.5, 1 and 1.5% organically-complexed bioaugmented boron coated 

DAP at 25, 50, 75 and 100% compared to recommended dose of DAP was investigated by 

determining the oil content (%) of B. napus and B. juncea (Fig. 45, 46).  

In B. napus, the oil content were significantly improved by increasing the application rate 

of several formulations of coated fertilizer from 25 to 100% compared to recommended 

rate of DAP (Fig. 45). The coated fertilizer, 1.5% DAP-B performed better than 0.5 and 

1% DAP-B. In this way, maximum percent increase of 25% compared to C(-) or sole 

application of DAP and 12% compared to C(+) or DAP plus boron was achieved at 75% 

application of 1.5% DAP-B. Although, 100% application of 1.5% DAP-B performed non-

significantly compared to aforementioned level. The application of 1% DAP-B at 50% rate 

showed non-significant difference compared to C(-) where recommended dose of uncoated 

DAP was applied. In case of B. juncea, an increase in oil content was observed by the 

application of 1.5% DAP-B followed by 1% DAP-B (Fig. 46). The treatment receiving the 

application of 1.5% DAP-B at 75% showed maximum oil content (44.17%) whereas the 

minimum oil content (26.03%) were recorded at 25% application of 0.5% DAP-B. The 

data epitomized that the oil content (%) gave minimum response to the application of 0.5% 

DAP-B compared to 1 and 1.5% DAP-B however, all formulations of organically-

complexed bioaugmented boron coated DAP performed better compared to sole 

application of uncoated DAP. 

The data described that both crops (B. napus and B. juncea) showed significant increase in 

oil content (%) by the application of 1.5% DAP-B at 75 and 100% compared to C(-) and 

C(+). However, maximum oil content (48%) were observed in B. napus which showed 

better response against the application of 0.5, 1 and 1.5% DAP-B compared to B. juncea.  
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Fig. 45 Effect of different formulations of DAP-B on oil content (%) of B. napus. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05) 

 
Fig. 46 Effect of different formulations of DAP-B on oil content (%) of B. juncea. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05) 
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4.27. Boron Concentration in Roots (mg kg-1)  

The boron concentration in roots of B. napus (canola) and B. juncea (mustard) were 

evaluated by using 0.5, 1 and 1.5% organically-complexed bioaugmented boron coated 

DAP at 25, 50, 75 and 100% compared to recommended dose of DAP for both crops (Fig. 

47, 48).  

In B. napus, the maximum increase in boron concentration of roots was observed where 

1.5% DAP-B was applied at 100% as compared to the recommended rate of DAP (Fig. 

47). Moreover, there was significant difference between boron concentration of roots 

measured at 75 or 100% application of 1.5% DAP-B. The application of 1% DAP-B 

applied at 100% showed statistically non-significant difference with 1.5% DAP-B applied 

at 75%, but statistically significant improvement in boron concentrations of roots compared 

to C(+) receiving recommended dose of simple DAP along with boron. In case of B. juncea, 

higher boron concentrations in roots were recorded by escalating the rate of application of 

different formulations of DAP-B (Fig. 48). Therefore, 1.5% DAP-B applied at 50% showed 

significant increase compared to C(-) comprised of uncoated DAP without B and, C(+) 

containing DAP with B. The same level of application (50%) of 1% DAP-B represented 

statistically significant difference in boron concentration of roots compared to sole 

application of uncoated DAP. The maximum boron concentrations in roots (27.6 mg kg-1) 

were recorded in treatment receiving 1.5% DAP-B at the rate of 100%. 

The data has clearly revealed that B. napus showed more boron concentrations in roots by 

the application of any formulation of DAP-B compared to B. juncea. In this way, B. napus 

showed highest boron concentrations in roots (33.4 mg kg-1) at 100% application of 1.5% 

DAP-B whereas, B. juncea showed lowest boron concentrations in roots (12.4 mg kg-1) by 

applying uncoated DAP without boron. 
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Fig. 47 Effect of different formulations of DAP-B on B concentration (mg kg-1) in 

roots of B. napus. Columns show mean values while means sharing different letters 

vary significantly according to Tukey’s test (p<0.05) 

 

Fig. 48 Effect of different formulations of DAP-B on B concentration (mg kg-1) in 

roots of B. juncea. Columns show mean values while means sharing different letters 

vary significantly according to Tukey’s test (p<0.05) 
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4.28. Boron Concentration in Shoots (mg kg-1)  

The effect of 0.5, 1 and 1.5% organically-complexed bioaugmented boron coated DAP at 

25, 50, 75 and 100% application compared to recommended dose of DAP was investigated 

by determining the boron concentration in shoots of B. napus and B. juncea (Fig. 49, 50). 

In B. napus, the boron concentration in shoots were improved significantly by increasing 

the application rate of several formulations of coated fertilizer from 25 to 50, 75 and 100% 

compared to recommended rate of DAP (Fig. 49). The coated fertilizer, 1.5% DAP-B 

showed higher B concentration than 0.5 and 1% DAP-B. Likewise, maximum increase in 

B concentration was observed at 100% application of 1.5% DAP-B compared to C(-) or 

sole application of DAP and 26% compared to C(+) or DAP with boron. Though, 75% 

application of 1.5% DAP-B also performed significantly different compared to 

aforementioned level. However, 50% application of 1% DAP-B showed statistically 

significant reduction in boron concentration of shoots compared to C(+) where 

recommended dose of simple DAP was applied along with boron. In case of B. juncea, an 

increase in boron concentration of shoots was observed by applying 1.5% DAP-B followed 

by 1% DAP-B (Fig. 50). Therefore, maximum increase in B concentration of shoots (98.23 

mg kg-1) was observed by treatment where 1.5% DAP-B was applied at 100% however, 

the least value of boron concentration in shoots (21.5 mg kg-1) was attained where boron 

was not applied. The boron concentration in shoots showed minimum response to the 

application of 0.5% DAP-B compared to 1 and 1.5% DAP-B however, all formulations of 

DAP-B showed higher B concentration compared to sole application of uncoated DAP. 

The data illustrated that both crops (B. napus and B. juncea) showed significant increase 

in boron concentration of shoots by the application of 1 and 1.5% organically-complexed 

bioaugmented boron coated DAP at 75 and 100% compared to C(-) and C(+). However, 

maximum boron concentration in shoots were observed in B. napus which showed better 

response against the application of different formulations compared to B. juncea.   
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Fig. 49 Effect of different formulations of DAP-B on B concentration (mg kg-1) in 

shoots of B. napus. Columns show mean values while means sharing different letters 

vary significantly according to Tukey’s test (p<0.05) 

 

Fig. 50 Effect of different formulations of DAP-B on B concentration (mg kg-1) in 

shoots of B. juncea. Columns show mean values while means sharing different letters 

vary significantly according to Tukey’s test (p<0.05) 
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4.29. Boron Concentration in Grains (mg kg-1)  

The comparative effectiveness of organically complexed-bioaugmented boron coated DAP 

was analyzed by determining the boron concentration in grains of Brassica napus and 

Brassica juncea (Fig. 51, 52). 

In case of B. napus, all DAP-B fertilizers applied at recommended dose of DAP showed 

higher boron concentration in grains compared to uncoated DAP i.e. C(-)(Fig. 51). At 

100% application of coated fertilizer (1.5% DAP-B) maximum boron concentration in 

grains were observed compared to other formulations (0.5 and 1% DAP-B). Although, 0.5 

and 1% DAP-B also showed significant improvement in boron concentration of grains 

compared to uncoated DAP. At 50% application of different formulations, 1.5% DAP-B 

exhibited significant results compared to control treatment receiving only DAP or C(-), and 

treatment where DAP along with boron i.e. C(+) was applied. However, application of 

0.5% DAP-B did not show significantly positive influence on boron concentration of grains 

compared to treatment where DAP along with boron i.e. C(+) was applied. The lowest 

boron concentration in canola grains (20.54 mg kg-1) were observed where uncoated DAP 

was applied without boron. In B. juncea, maximum boron concentration in grains (49.01 

mg kg-1) were recorded at 100% application rate of 1.5% DAP-B formulation (Fig. 52). All 

formulations performed better compared to sole application of uncoated DAP. Although, 

0.5% DAP-B applied at 100% of recommended DAP did not demonstrate significant 

response as compared to uncoated DAP applied along with B. The treatment where 0.5% 

DAP-B was applied at 25% of the recommended dose, showed minimum boron 

concentration in grains (16.93 mg kg-1) among treatments where coated fertilizers were 

applied. 

It was demonstrated from data that both crops under observation performed significantly 

better at 75 and 100% application of 1 and 1.5% organically-complexed bioaugmented 

boron coated DAP compared to C(-) and C(+). However, highest boron concentration in 

grains (56.63 mg kg-1) were observed in B. napus compared to B. juncea. 
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Fig. 51 Effect of different formulations of DAP-B on B concentration (mg kg-1) in 

grains of B. napus. Columns show mean values while means sharing different letters 

vary significantly according to Tukey’s test (p<0.05) 

 

Fig. 52 Effect of different formulations of DAP-B on B concentration (mg kg-1) in 

grains of B. juncea. Columns show mean values while means sharing different letters 

vary significantly according to Tukey’s test (p<0.05) 
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4.30. Phosphorus Concentration in Roots (mg g-1)  

The phosphorus concentration in roots of B. napus and B. juncea were evaluated by using 

0.5, 1 and 1.5% organically-complexed bioaugmented boron coated DAP at 25, 50, 75 and 

100% compared to recommended dose of DAP for both crops (Fig. 53, 54).  

The maximum percent increase in phosphorus concentration of B. napus was observed 

where 1.5% DAP-B was applied at 100% as compared to the recommended rate of DAP, 

that was 40% compared to C(-) receiving DAP without boron and 17% compared to C(+) 

receiving DAP with boron (Fig. 53). Moreover, there was non-significant difference 

between phosphorus concentration of roots measured at 75 or 100% application of 1.5% 

DAP-B. It was clear from bar chart that 1% DAP-B applied at 100%  showed statistically 

significant improvement in phosphorus concentrations of roots compared to C(+) where 

recommended dose of uncoated DAP was applied along with boron but statistically non-

significant difference with 1.5% DAP-B applied at 50%. In case of B. juncea, an increase 

in phosphorus concentration of roots was recorded by escalating the rate of application of 

different formulations of DAP-B from 25 to 100% of the recommended DAP (Fig. 54). 

Therefore, 1.5% DAP-B applied at 50% showed significant increase compared to C(-) 

which only comprised of uncoated DAP while non-significant variation compared to C(+), 

containing DAP with boron. The same level of application (50%) of 1% DAP-B 

represented statistically non-significant difference in phosphorus concentration of roots 

compared to sole application of uncoated DAP. The maximum phosphorus concentrations 

in roots (2.64 mg g-1) were recorded in treatment receiving 1.5% DAP-B applied at the rate 

of 100% of recommended DAP. 

It is clearly revealed that B. napus showed increased phosphorus concentrations in roots by 

the application of various formulation of DAP-B compared to B. juncea. In this way, B. 

napus showed highest phosphorus concentrations in roots (2.89 mg g-1) at 100% 

application of 1.5% DAP-B whereas, B. juncea showed lowest phosphorus concentrations 

in roots (1.29 mg g-1) by applying 0.5% DAP-B at 25% rate of application. 
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Fig. 53 Effect of different formulations of DAP-B on P concentration (mg g-1) in roots 

of B. napus. Columns show mean values while means sharing different letters vary 

significantly according to Tukey’s test (p<0.05) 

 

Fig. 54 Effect of different formulations of DAP-B on P concentration (mg g-1) in roots 

of B. juncea. Columns show mean values while means sharing different letters vary 

significantly according to Tukey’s test (p<0.05) 
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4.31. Phosphorus Concentration in Shoots (mg g-1)  

The phosphorus concentration in shoots of B. napus and B. juncea were determined to 

evaluate the comparative effectiveness of 0.5, 1 and 1.5% organically complexed-

bioaugmented boron coated DAP formulations which were applied at 25, 50, 75 and 100% 

(Fig. 55, 56).  

In case of B. napus, DAP-B formulations applied at 100% performed better at 

recommended dose of DAP compared to uncoated DAP applied at same level i.e. C(-) (Fig. 

55). The maximum phosphorus concentration in shoots of canola (4.53 mg g-1) was 

recorded at 100% application of 1.5% DAP-B which was significantly higher compared to 

1% DAP-B applied at 75% (3.92 mg g-1) and 100% (4.13 mg g-1). However, 75% 

application of 1.5% DAP-B responded non-significantly compared to 100%. In contrast, 

application of 0.5% DAP-B applied at 100% did not show any significant influence on 

phosphorus concentration of shoots compared to C(-) where recommended dose of 

uncoated DAP was applied without boron. Fifty percent application of 1.5% DAP-B 

improved the phosphorus concentration in shoots significantly (31%) compared to C(-) 

where B was not applied, while 11% compared to C(+) receiving application of simple 

DAP with boron. The phosphorus concentration of shoots of B. juncea showed maximum 

increase by the application of 1.5% DAP-B at 100% (4.23 mg g-1) however, 75% 

application of same formulation responded non-significantly (4.1 mg g-1) compared to 

100% rate of application (Fig. 56). The minimum phosphorus concentration of shoots was 

found at 25% application of 0.5, 1 and 1.5% DAP-B which showed 1.98, 2.33 and 2.96 mg 

g-1, respectively. All organically-complexed bioaugmented boron coated DAP 

formulations performed better than solitary application of uncoated DAP except for 100% 

application of 0.5% DAP-B which did not show significantly higher P concentration in 

shoots compared to uncoated DAP. 

The data demonstrated that more phosphorus concentrations were recorded in shoots of B. 

napus by the application of any formulation (0.5, 1 or 1.5% DAP-B) compared to B. juncea. 

Therefore, minimum phosphorus concentration in shoots (1.98 mg g-1) was observed in B. 

juncea while, maximum phosphorus concentration in shoots (4.53 mg g-1) was found in B. 

napus. 
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Fig. 55 Effect of different formulations of DAP-B on P concentration (mg g-1) in shoots 

of B. napus. Columns show mean values while means sharing different letters vary 

significantly according to Tukey’s test (p<0.05) 

 

Fig. 56 Effect of different formulations of DAP-B on P concentration (mg g-1) in shoots 

of B. juncea. Columns show mean values while means sharing different letters vary 

significantly according to Tukey’s test (p<0.05) 
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4.32. Phosphorus Concentration in Grains (mg g-1)  

The relative impact of 0.5, 1 and 1.5% organically-complexed bioaugmented boron coated 

DAP at 25, 50, 75 and 100% compared to recommended dose of DAP was investigated by 

determining the phosphorus concentration in grains (mg g-1) of B. napus and B. juncea 

(Fig. 57, 58). 

In case of B. napus, the phosphorus concentrations of grains were significantly improved 

by increasing the application rate of several formulations of coated fertilizer from 25 to 

100% of the recommended rate of DAP (Fig. 57). Among the coated formulations, 1.5% 

DAP-B performed better than 0.5 and 1% DAP-B. Therefore, maximum percent increase 

of 43% compared to C(-) or sole application of DAP (no boron) and 24% compared to C(+) 

or DAP with boron was achieved at 100% application of 1.5% DAP-B. Although, 75% 

application of 1.5% DAP-B performed non-significantly compared to aforementioned 

level. The application of 1.5% DAP-B at 50% showed non-significant difference compared 

to C(+) where recommended dose of DAP was applied along with boron. In case of B. 

juncea, an increase in phosphorus concentration of grains was observed by the application 

of 1.5% DAP-B followed by 1% DAP-B (Fig. 58). The treatment receiving the application 

of 1.5% DAP-B at 100% showed maximum phosphorus concentration in grains (9.12 mg 

g-1) whereas the minimum phosphorus concentration (4.41 mg g-1) were recorded at 25% 

application of 0.5% DAP-B. The data described that the phosphorus concentration of grains 

(mg g-1) gave minimum response to the application of 0.5% DAP-B compared to 1 and 

1.5% DAP-B however, all formulations of organically-complexed bioaugmented boron 

coated DAP applied at 100% performed better compared to sole application of uncoated 

DAP. 

It is therefore clear from data that both crops (B. napus and B. juncea) showed significant 

increase in phosphorus concentration of grains by the application of 1.5% DAP-B at 75 

and 100% compared to C(-) and C(+). In this way, maximum phosphorus concentration of 

grains (9.86 mg g-1) were observed in B. napus which showed better response against the 

application of 0.5, 1 and 1.5% DAP-B compared to B. juncea.  
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Fig. 57 Effect of different formulations of DAP-B on P concentration (mg g-1) in grains 

of B. napus. Columns show mean values while means sharing different letters vary 

significantly according to Tukey’s test (p<0.05) 

 

Fig. 58 Effect of different formulations of DAP-B on P concentration (mg g-1) in grains 

of B. juncea. Columns show mean values while means sharing different letters vary 

significantly according to Tukey’s test (p<0.05) 
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Efficacy of different formulations of DAP-B on physiology, growth, yield and oil content 

of Brassica napus (canola) and Brassica juncea (mustard) under field conditions 

A field experiment was conducted in the research area of Institute of Soil and 

Environmental Sciences, University of Agriculture Faisalabad. The primary goal of 

experiment was to assess different formulations of organically complexed bioaugmented 

boron coated DAP over commercial DAP by investigating their effects on growth, 

physiology, yield and oil content of Brassica napus (canola) and Brassica juncea (mustard) 

under field conditions. During this experiment, similar treatment plan was followed as in 

pot trial. In this way, three formulations of organically-complexed bioaugmented boron 

coated di-ammonium phosphate (0.5, 1 and 1.5% DAP-B) were analyzed at four different 

levels of 25, 50, 75 and 100% compared to the recommended dose of DAP. Results were 

compared with C(-) control, where uncoated DAP without boron was applied and C(+) 

control where recommended dose of commercial DAP along with boron was applied. 

Statistically significant results were obtained in treatments where different formulations of 

DAP-B were applied at 100% compared to recommended dose of uncoated DAP. 

However, 1.5% DAP-B applied at 75% was found most effective for both crops (B. napus 

and B. juncea) compared to other treatments.  

The results of field experiment are given below: 

4.33. Photosynthetic Rate (μmol CO2 m-2 s-1) 

The variation in photosynthetic rate of B. napus and B. juncea was observed by applying 

0.5, 1 and 1.5% DAP-B at 25, 50, 75 and 100% of the recommended DAP (Fig. 59, 60). In 

case of B. napus, the photosynthetic rate was improved by increasing the application rate 

of different formulations of coated fertilizer (Fig. 59). Nevertheless, 1.5% DAP-B applied 

at 50% showed significant increase compared to C(+) containing DAP with boron and C(-

) which only comprised of uncoated DAP (without B). The maximum percent increase in 

photosynthetic rate, 36% compared to C(-) and 17% compared to C(+), was observed 

where 1.5% DAP-B was applied at 75% of the recommended rate of DAP. Likewise, the 

photosynthetic rate of B. juncea was also highest (15.9 μmol CO2 m-2 s-1) in treatment 

receiving 1.5% DAP-B applied at 75% (Fig. 60). Although, there was non-significant 
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difference between photosynthetic rate measured at 75 or 100% application of 1.5% DAP-

B. The data showed that B. napus performed better to the application of any formulation 

of DAP-B as compared to B. juncea. The lowest photosynthetic rate (3.97 μmol CO2 m
-2 s-

1) was observed in B. juncea at 25% application of 0.5% DAP-B whereas, maximum 

photosynthetic rate (18.5 μmol CO2 m
-2 s-1) was observed in B. napus by applying 1.5% 

DAP-B at 75%.  

 

Fig. 59 Effect of different formulations of DAP-B on photosynthetic rate (μmol CO2 

m-2 s-1) in grains of B. napus. Columns show means values while mean sharing 

different letters vary significantly according to Tukey’s test (p<0.05) 

 

Fig. 60 Effect of different formulations of DAP-B on photosynthetic rate (μmol CO2 

m-2 s-1) in grains of B. napus. Columns show means values while mean sharing 

different letters vary significantly according to Tukey’s test (p<0.05) 
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4.34. Transpiration Rate (mmol H2O m-2 s-1) 

Comparative effectiveness of organically complexed-bioaugmented boron coated DAP 

fertilizers applied at 25, 50, 75 and 100% was investigated for Brassica napus and Brassica 

juncea by measuring transpiration rate (Fig. 61, 62).  

In case of B. napus, all bioaugmented boron coated DAP formulations applied at 100% 

showed better response at recommended dose of DAP compared to uncoated DAP i.e. C(-

) (Fig. 61). At 75% application rate of coated formulations, 1.5% DAP-B indicated 

maximum transpiration rate (6.6 mmol H2O m-2 s-1) compared to other formulations. 

Although 1% DAP-B also showed significant improvement in transpiration rate compared 

to uncoated DAP. At 50% application of different formulations, 1.5% DAP-B exhibited 

statistically significant results compared to C(-) i.e. receiving application of DAP without 

boron but non-significant compared to C(+) where DAP along with boron were applied. 

However, application of 0.5% DAP-B applied at 100% did not show any significantly 

positive influence on transpiration rate compared to C(-). The lowest transpiration rate (3.1 

mmol H2O m-2 s-1) was observed at 25% application of 0.5 % organically-complexed 

bioaugmented boron coated DAP. In case of B. juncea, highest transpiration rate (6.1 mmol 

H2O m-2 s-1) was observed at 75% application rate of 1.5% DAP-B formulation (Fig. 62). 

Most of the formulations performed better compared to sole application of uncoated DAP. 

Although, 0.5% DAP-B applied at 100% did not demonstrate significant response as 

compared to uncoated DAP. The treatment where 0.5% DAP-B was applied at 25% 

compared to recommended dose of DAP showed minimum transpiration rate i.e. 2.1 mmol 

H2O m-2 s-1.  

Both crops under observation performed significantly better at 75% and 100% application 

of 1 and 1.5% organically-complexed bioaugmented boron coated DAP compared to C(-) 

and C(+). However, maximum percent increase in transpiration rate i.e. 40% compared to 

C(-) while 18% compared to C(+) was observed in B. napus compared to B. juncea. 
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Fig. 61 Effect of different formulations of DAP-B on transpiration rate (mmol H2O 

m-2 s-1) in grains of B. napus. Columns show mean values while mean sharing different 

letters vary significantly according to Tukey’s test (p<0.05) 

 

Fig. 62 Effect of different formulations of DAP-B on transpiration rate (mmol H2O 

m-2 s-1) in grains of B. napus. Columns show mean values while mean sharing different 

letters vary significantly according to Tukey’s test (p<0.05) 
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4.35. Stomatal Conductance (mmol H2O m-2 s-1) 

The efficiency of 0.5, 1 and 1.5% organically-complexed bioaugmented boron coated DAP 

was investigated at 25, 50, 75 and 100% application rate compared to recommended dose 

of DAP by measuring stomatal conductance of B. napus and B. juncea (Fig. 63, 64).  

In case of B. napus, the stomatal conductance was improved by increasing the application 

rate of different formulations of coated fertilizer (Fig. 63). The coated fertilizer, 1.5% DAP-

B performed better than 0.5 and 1% DAP-B. The maximum percent increase of 39% 

compared to sole application of DAP and 20% compared to DAP along with boron was 

observed at 75% application of 1.5% DAP-B. It was observed that 50% application of 1.5% 

DAP-B also performed significantly better than C(-) where only recommended dose of 

uncoated DAP was applied. In B. juncea, higher stomatal conductance was observed by 

the application of 1.5% DAP-B followed by 1% DAP-B applied at different levels (Fig. 

64). The treatment where 1.5% DAP-B was applied at 75% showed highest stomatal 

conductance (198.3 mmol H2O m-2 s-1) whereas the minimum value of stomatal 

conductance (96.7 mmol H2O m-2 s-1) was observed at 25% application of 0.5% DAP-B. 

The application of 0.5% DAP-B performed the least compared to 1 and 1.5% DAP-B 

however, all formulations of organically-complexed bioaugmented boron coated DAP 

performed better compared to sole application of uncoated DAP. 

It is evident from data that both crops under study (B. napus and B. juncea) showed 

significantly higher stomatal conductance by the application of 1 and 1.5% DAP-B at 75% 

and 100% compared to C(-) and C(+). However, maximum stomatal conductance (219 

mmol H2O m-2 s-1) was observed in B. napus which showed better response against the 

application of different formulations compared to B. juncea.  
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Fig. 63 Effect of different formulations of DAP-B on stomatal conductance (mmol 

H2O m-2 s-1) in grains of B. napus. Columns show means values while mean sharing 

different letters vary significantly according to Tukey’s test (p<0.05) 

 

Fig. 64 Effect of different formulations of DAP-B on stomatal conductance (mmol 

H2O m-2 s-1) in grains of B. juncea. Columns show means values while mean sharing 

different letters vary significantly according to Tukey’s test (p<0.05) 
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4.36. Chlorophyll Contents (SPAD) 

The chlorophyll contents (SPAD) of B. napus and B. juncea were measured to check the 

comparative effectiveness of 0.5, 1 and 1.5% organically complexed-bioaugmented boron 

coated DAP formulations applied at 25, 50, 75 and 100% (Fig. 65, 66).  

In case of B. napus, the coated formulations generally named as DAP-B performed better 

at 100% of recommended dose of DAP compared to uncoated DAP applied at same level 

or C(-) (Fig. 65). The maximum chlorophyll contents of canola (48.37 SPAD-value) were 

observed at 75% application of 1.5% DAP-B which were significantly different compared 

to 1% DAP-B applied at 75% (39.03 SPAD-value) and 100% (43.77 SPAD-value). On the 

other hand, application of 0.5% DAP-B compared to recommended dose of commercial 

DAP did not show any significantly positive influence on chlorophyll contents. Fifty 

percent application of 1.5% DAP-B improved the chlorophyll content of crop significantly 

(16%) compared to sole application of DAP or C(-) while results were comparable to C(+) 

where DAP with boron was applied. The chlorophyll content of B. juncea showed 

maximum escalation when 1.5% DAP-B was applied at 75% (43.27 SPAD-value) (Fig. 

66). The minimum chlorophyll contents (SPAD) were observed at 25% application of 0.5% 

DAP-B (19.7 SPAD-value), 1% DAP-B (24.13 SPAD-value) and 1.5% DAP-B (28.8 

SPAD-value). All DAP-B formulations applied at 100% performed better compared to sole 

application of uncoated DAP however, there was non-significant difference between 0.5% 

DAP-B applied at 100% and 1% DAP-B applied at 75%.  

The data demonstrated that B. napus showed higher chlorophyll contents (SPAD) by the 

application of any formulation (0.5, 1 or 1.5% DAP-B) compared to B. juncea. Therefore, 

maximum chlorophyll contents (SPAD-value) were observed in B. napus while minimum 

chlorophyll content were noted in B. juncea. 
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Fig. 65 Effect of different formulations of DAP-B on chlorophyll content (SPAD) of 

B. napus. Columns show mean values while means sharing different letters vary 

significantly according to Tukey’s test (p<0.05) 

 

Fig. 66 Effect of different formulations of DAP-B on chlorophyll content (SPAD) of 

B. juncea. Columns show mean values while means sharing different letters vary 

significantly according to Tukey’s test (p<0.05) 
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4.37. Shoot Length (cm) 

The effect of different formulations of organically-complexed bioaugmented boron coated 

DAP (0.5, 1 and 1.5% DAP-B) applied at 25, 50, 75 and 100% compared to recommended 

dose of DAP was analyzed by measuring the shoot length (cm) of B. napus and B. juncea 

(Fig. 67, 68) 

It was observed that the shoot length of B. napus was significantly improved by rising the 

application rate of different formulations of coated fertilizer from 25 to 100% (Fig. 67). 

The coated formulation, 1.5% DAP-B performed better than 0.5 and 1% DAP-B at same 

level of application. The maximum shoot length was observed where 1.5% DAP-B was 

applied at 75% compared to recommended level of simple DAP (70.4 cm). Moreover, the 

application of 1% DAP-B at 50% showed non-significant difference with C(+) where DAP 

with boron was applied, and significant difference with C(-) where only DAP (without B) 

was applied however, measured shoot lengths of plants receiving these treatments were 

63.3, 53.2 and 44.7 cm, respectively. In case of B. juncea, higher shoot length (cm) was 

observed by the application of 1.5% DAP-B followed by 1% DAP-B applied at same level 

(Fig. 68). Thus, the plants receiving 75% application of 1.5% DAP-B produced longest 

roots (87.67 cm) whereas those receiving 25% application of 0.5% DAP-B produced 

smallest shoot (40.23 cm). The data clearly represented that the treatments where 0.5% 

DAP-B was applied produced smaller shoots followed by 1% DAP-B which was further 

followed by 1.5% DAP-B. Although, most of the formulations of organically-complexed 

bioaugmented boron coated DAP (0.5, 1 and 1.5% DAP-B) performed better at 100% 

compared to sole application of uncoated DAP or C(-). The application of 0.5% DAP-B 

showed non-significant difference compared to uncoated DAP applied with boron. 

Data has demonstrated that both crops under observation (B. napus and B. juncea) showed 

significantly longer shoot by the application of 1 and 1.5% DAP-B at 75 and 100% 

compared to C(-) and C(+). However, the shoot length of B. juncea showed better response 

against the application of different formulations compared to the shoot length of B. napus.  
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Fig. 67 Effect of different formulations of DAP-B on shoot length (cm) of B. napus. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05) 

 

Fig. 68 Effect of different formulations of DAP-B on shoot length (cm) of B. juncea. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05) 
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4.38. Shoot Fresh Weight (kg ha-1) 

The shoot fresh weight of Brassica napus and Brassica juncea was measured to evaluate 

the comparative effectiveness of 0.5, 1 and 1.5% organically complexed-bioaugmented 

boron coated DAP formulations which were applied at 25, 50, 75 and 100% of 

recommended DAP (Fig. 69, 70).  

In case of B. napus, all DAP-B formulations responded better at recommended dose of 

DAP (i.e. 100%) compared to uncoated DAP (Fig. 69). The highest shoot fresh weight of 

canola (11749 kg ha-1) was observed at 75% application of 1.5% DAP-B which was 

significantly higher compared to 1% DAP-B applied at 75% (9096 kg ha-1) and 100% 

(9498 kg ha-1). The application of 0.5% DAP-B showed significant improvement in shoot 

fresh weight compared to C(-) where recommended dose of uncoated DAP was applied 

without boron. Fifty percent application of 1.5% DAP-B improved shoot fresh weight of 

crop significantly (27%) compared to sole application of DAP or C(-) and non-significantly 

(1%) compared to C(+) where DAP along with boron was applied. The shoot fresh weight 

of Brassica juncea showed maximum escalation when 1.5% DAP-B was applied at 75% 

(13276 kg ha-1) however, 100% application of same formulation also responded 

significantly (12520 kg ha-1) compared to C(+) and C(-) (Fig. 70). The minimum shoot 

fresh weight (kg ha-1) was observed at 25% application of 0.5, 1 and 1.5% DAP-B which 

was 7025, 7159 and 8868 kg ha-1, respectively. The application of 1 and 1.5% organically-

complexed bioaugmented boron coated DAP formulations performed better compared to 

sole application of uncoated DAP i.e. C(-) and application of uncoated DAP with boron or 

C(+). Although, 0.5% DAP-B applied at 100% showed significantly higher shoot fresh 

weight as compared to uncoated DAP applied without boron i.e. C(-) while significantly 

lower shoot fresh weight compared to the application of uncoated DAP with boron or C(+). 

The data demonstrated that B. juncea showed higher shoot fresh weight by the application 

of any formulation (0.5, 1 or 1.5% DAP-B) compared to B. napus. Therefore, maximum 

shoot fresh weight was recorded in B. juncea while it was minimum in B. napus. 
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Fig. 69 Effect of different formulations of DAP-B on shoot fresh weight (kg ha-1) of B. 

napus. Columns show mean values while means sharing different letters vary 

significantly according to Tukey’s test (p<0.05) 

  

Fig. 70 Effect of different formulations of DAP-B on shoot fresh weight (kg ha-1) of B. 

juncea. Columns show mean values while means sharing different letters vary 

significantly according to Tukey’s test (p<0.05) 

g

d

k
i

h
f

j

g

e c

h

cd

a

b

0

2000

4000

6000

8000

10000

12000

14000

C (-) C (+) 25% 50% 75% 100%

S
h

o
o
t 

fr
es

h
 w

ei
g
h

t 
(k

g
 h

a
-1

)

DAP (-B) DAP (+B) 0.5% DAP-B 1% DAP-B 1.5% DAP-B

e

c

j

h
f d

i

de

c

b

g

c

a
b

0

2000

4000

6000

8000

10000

12000

14000

C (-) C (+) 25% 50% 75% 100%

S
h

o
o
t 

fr
es

h
 w

ei
g
h

t 
(k

g
 h

a
-1

)

DAP (-B) DAP (+B) 0.5% DAP-B 1% DAP-B 1.5% DAP-B



114 
 

4.39. Shoot Dry Weight (kg ha-1)  

The shoot dry weight of B. napus and B. juncea was analyzed by applying 0.5, 1 and 1.5% 

organically-complexed bioaugmented boron coated DAP at 25, 50, 75 and 100% compared 

to recommended dose of DAP (Fig. 71, 72). 

In case of B. napus, an increase in shoot dry weight was recorded by increasing the 

application rate of different formulations of DAP-B from 25 to 100% of recommended 

DAP (Fig. 71). The coated fertilizer generally named as 1% DAP-B applied at 100%  

showed significant improvement with respect to 1.5% DAP-B applied at 50%, C(+) and 

C(-) treatments. The application of 1% DAP-B at 50% represented non-significant 

difference in shoot dry weight (kg ha-1) compared to 100% application of uncoated DAP 

without B or C(-). The maximum shoot dry weight (4442 kg ha-1) was recorded in treatment 

receiving 1.5% DAP-B at 75% of recommended DAP. In case of B. juncea, highest percent 

increase in shoot dry weight of 41% compared to C(-) and 17% compared to C(+) was 

observed where 1.5% DAP-B was applied at 75% of the recommended rate of DAP (Fig. 

72). Moreover, there was significant reduction in shoot dry weight measured at 100% 

application of 1% DAP-B compared to 75 or 100% application of 1.5% DAP-B. However, 

1.5% DAP-B applied at 50% (3947 kg ha-1) also showed significant increase compared to 

C(-) which only comprised of uncoated DAP (3474 kg ha-1) while reduction as compared 

to C(+) containing DAP with boron (4178 kg ha-1).  

The data has revealed that B. juncea produced more shoot dry weight by the application of 

any formulation (0.5, 1 or 1.5% DAP-B) compared to B. napus. Therefore, maximum shoot 

dry weight was recorded in B. juncea at 75% application of 1.5% DAP-B. However, it was 

minimum in B. napus receiving 25% application of 1.5% DAP-B. 
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Fig. 71 Effect of different formulations of DAP-B on shoot dry weight (kg ha-1) of B. 

napus Columns show mean values while means sharing different letters vary 

significantly according to Tukey’s test (p<0.05) 

 

Fig. 72 Effect of different formulations of DAP-B on shoot dry weight (kg ha-1) of B. 

juncea. Columns show mean values while means sharing different letters vary 

significantly according to Tukey’s test (p<0.05) 
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4.40. Crude Fiber (%)  

The percent crude fiber of B. napus and B. juncea were examined by applying 0.5, 1 and 

1.5% organically-complexed bioaugmented boron coated DAP at 25, 50, 75 and 100% 

compared to recommended dose of DAP (Fig. 73, 74). 

In B. napus, the highest percent increase in crude fiber i.e. 42% compared to C(-) and 22% 

compared to C(+) was observed where 1.5% DAP-B was applied at 75% as compared to 

the recommended rate of DAP (Fig. 73). Moreover, there was significant difference 

between crude fiber content measured at 75 and 100% application of 1.5% DAP-B. It was 

noted that 1% DAP-B applied at 100% performed non-significantly than C(+) where 

recommended dose of simple DAP along with boron was applied, but significantly than 

C(-) receiving sole application of uncoated DAP. In case of B. juncea, higher crude fiber 

contents (%) were recorded by raising the amount of various formulations of DAP-B (Fig. 

74). However, 1.5% DAP-B applied at 50% showed significant increment of 32 and 14% 

compared to C(-) which only included commercial DAP and C(+) containing DAP along 

with boron, respectively. By applying half dose of 1% DAP-B, non-significant difference 

in percent crude fiber was observed compared to 100% application of uncoated DAP. The 

maximum crude fiber content (8.1%) were recorded in treatment where 1.5% DAP-B was 

applied at 75%. 

It is evident that B. napus showed higher crude fiber content due to the application of 

different formulations of DAP-B compared to B. juncea.  Therefore, B. napus showed 

maximum crude fiber (8.4%) at 75% application rate of 1.5% DAP-B whereas, B. juncea 

showed minimum crude fiber (3.2%) by applying 0.5% DAP-B at 25% rate of application. 
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Fig. 73 Effect of different formulations of DAP-B on crude fiber (%) of B. napus. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05) 

 

Fig. 74 Effect of different formulations of DAP-B on crude fiber (%) of B. juncea. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05) 
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4.41. Crude Fat (%)  

The change in crude fat content of Brassica napus and Brassica juncea was studied by 

applying different doses (25, 50, 75 and 100%) compared to recommended dose of DAP) 

of 0.5, 1 and 1.5% organically-complexed bioaugmented boron coated DAP (Fig. 75, 76). 

In case of B. napus, all DAP-B formulations applied at 100% responded better than 

uncoated DAP (Fig. 75). The maximum percent increase of 42% compared to sole 

application of DAP (without B) and 21% compared to DAP with boron was observed at 

75% application of 1.5% DAP-B. The crude fat content obtained at 100% application of 

1% DAP-B were significantly greater than C(+) but significantly lower than 1.5% DAP-B  

applied at 75%. Conversely, the application of 0.5% DAP-B showed statistically non-

significant influence on crude fiber content compared to C(+) where recommended dose 

of commercial DAP along with boron was applied. The crude fat (%) of Brassica juncea 

showed maximum escalation when 1.5% DAP-B was applied at 75% (41.38%) however, 

100% application of same formulation responded non-significantly (39.57%) compared to 

75% rate of application (Fig. 76). The minimum percent crude fibers were observed at 25% 

application of 0.5, 1 and 1.5% DAP-B which were 20.48, 22.91 and 26.71%, respectively. 

All organically-complexed bioaugmented boron coated DAP formulations applied at 100% 

performed better than sole application of uncoated DAP. Although, 0.5% DAP-B had not 

shown significant response as compared to C(+) where uncoated DAP was applied with 

boron. 

Data has demonstrated that both crops under experimentation (B. napus and B. juncea) 

showed significantly higher crude fat content (%) by receiving 1.5% DAP-B at 75 and 

100% compared to C(-) and C(+). However, the crude fat (%) of B. napus showed better 

response than B. juncea against the application of different formulations. 
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Fig. 75 Effect of different formulations of DAP-B on crude fat (%) of B. napus. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05) 

 

Fig. 76 Effect of different formulations of DAP-B on crude fat (%) of B. juncea. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05) 
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4.42. Ash Content (%) 

The impact of 0.5, 1 and 1.5% organically-complexed bioaugmented boron coated DAP at 

25, 50, 75 and 100% compared to recommended dose of DAP, was investigated by 

determining the ash content (%) of B. napus and B. juncea (Fig. 77, 78). 

In B. napus, the ash content were significantly improved by increasing the application rate 

of several formulations of coated fertilizer from 25 to 100% of recommended rate of DAP 

(Fig. 77). The coated formulation, 1.5% DAP-B performed better than 0.5 and 1% DAP-B 

applied at same level. Similarly, maximum percent increase of 39% compared to C(-) or 

sole application of DAP and 18% compared to C(+) or DAP with boron was found at 75% 

application of 1.5% DAP-B. However, 100% application of 1.5% DAP-B showed non-

significant variation as compared to 75% rate. The application of 1% DAP-B at 50% rate 

performed non-significantly compared to C(-) where recommended dose of uncoated DAP 

was applied. In case of B. juncea, an increase in ash content was noted by applying 1.5% 

DAP-B followed by 1% DAP-B (Fig. 78). The treatment receiving application of 1.5% 

DAP-B at 75% showed maximum ash content (6.6%) whereas the minimum ash content 

(3.6%) were recorded at 25% application of 0.5% DAP-B. Although, all formulations of 

organically-complexed bioaugmented boron coated DAP applied at 100% of 

recommended DAP performed better compared to solitary application of uncoated DAP 

however, the application of 0.5% DAP-B showed non-significant difference compared to 

C(+) where 100% DAP was applied along with boron. 

The data represented that both crops under observation (B. napus and B. juncea) showed 

significant  increase in ash content by the application of 1.5% DAP-B at 75 and 100% 

compared to C(-) and C(+). However, highest ash content (7.1%) were observed in B. 

napus (canola) which showed better response against the application of different 

formulations compared to B. juncea (mustard).  
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Fig. 77 Effect of different formulations of DAP-B on crude ash (%) of B. napus. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05) 

 

Fig. 78 Effect of different formulations of DAP-B on crude ash (%) of B. juncea. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05) 
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4.43. No. of Flowers Plant-1 

The variation in number of flowers per plant of B. napus and B. juncea was analyzed by 

applying different rates (25, 50, 75 and 100% compared to recommended dose of DAP) of 

0.5, 1 and 1.5% organically-complexed bioaugmented boron coated DAP (Fig. 79, 80). 

In B. napus, all formulations of DAP-B applied at 100% of recommended DAP performed 

better than uncoated DAP when applied at its recommended level (Fig. 79). The maximum 

percent increase of 31% compared to sole application of DAP and 12% compared to DAP 

with B was recorded at 75% application of 1.5% DAP-B. The number of flowers produced 

at 100% application of 1% DAP-B were significantly more than C(+) but significantly less 

than 1.5% DAP-B applied at 75%. Contrariwise, the application of 0.5% DAP-B did not 

elucidate any significant influence on number of flowers compared to C(-) where only 

recommended dose of uncoated DAP was applied. The number of flowers per plant of B. 

juncea have shown maximum escalation when 1.5% DAP-B was applied at 75% (318 

flowers plant-1) which was significantly better than 100% application of same formulation 

(304 flowers plant-1) (Fig. 80). The minimum number of flowers plant-1 were observed at 

25% application of 0.5, 1 and 1.5% DAP-B which were 158, 193 and 207, respectively. 

All organically-complexed bioaugmented boron coated DAP formulations applied at 100% 

performed better than the application of only uncoated DAP. Although, 1% DAP-B applied 

at 75% did not reveal significant response as compared to C(+) where DAP with B was 

applied. 

The data demonstrated that both crops under experimentation (B. napus and B. juncea) 

showed significant increase in no. of flowers plant-1 by the use of 1.5% DAP-B at 75 and 

100% compared to C(-) and C(+). However, the number of flowers plant-1 of B. napus 

showed better response than B. juncea against the application of different formulations. 
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Fig. 79 Effect of different formulations of DAP-B on no. of flowers plant-1 of B. napus. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05) 

  

Fig. 80 Effect of different formulations of DAP-B on no. of flowers plant-1 of B. juncea. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05) 
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4.44. No. of Pods Plant-1 

The number of pods plant-1 of B. napus and B. juncea were observed by applying 0.5, 1 

and 1.5% organically-complexed bioaugmented boron coated DAP at 25, 50, 75 and 100% 

compared to recommended dose of DAP (Fig. 81, 82).  

In B. napus, the maximum percent increment in no. of pods plant-1 i.e. 33% compared to 

C(-) and 12% compared to C(+) was observed where 1.5% DAP-B was applied at 75% 

relative to the recommended rate of DAP (Fig. 81). Besides, there was significant 

difference between the number of pods plant-1 produced at 75 and 100% application of 

1.5% DAP-B. The graph showed that 1% DAP-B applied at 100% showed significantly 

better response than C(+), where DAP was applied with boron and, C(-) where only DAP 

was applied. In B. juncea, higher no. of pods plant-1 were recorded by elevating the 

application rate of various formulations of DAP-B from 25 to 100% (Fig. 82). However, 

1.5% DAP-B applied at 50% showed significant increase of 17% compared to C(-) which 

only included uncoated DAP whereas 3% compared to C(+) where DAP along with boron 

was applied. In contrast, the application of 0.5% DAP-B applied at 100% did not show any 

significant impact on no. of pods plant-1 compared to C(-) containing only uncoated DAP. 

However, significant reduction in no. of pods plant-1 of B. juncea was observed by the 

application of 0.5% DAP-B at 100% compared to C(+), receiving combined application of 

DAP and boron. The results of treatment with 0.5% DAP-B at 100% were comparable to 

C(-) where only uncoated DAP was applied at recommended level. The maximum no. of 

pods plant-1 (296) were recorded in pots where 75% application of 1.5% DAP-B was done.  

The data described that B. napus showed more no. of pods plant-1 due to the application of 

different formulations of organically-complexed bioaugmented boron coated DAP as 

compared to B. juncea. In this regard, B. napus showed maximum no. of pods plant-1 (306) 

at 75% application of 1.5% DAP-B whereas, B. juncea showed minimum no. of pods plant-

1 (140) by 0.5% DAP-B at 25% rate of application. 
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Fig. 81 Effect of different formulations of DAP-B on no. of pods plant-1 of B. juncea. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05) 

 

Fig. 82 Effect of different formulations of DAP-B on no. of pods plant-1 of B. juncea. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05) 
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4.45. Pod Length (cm) 

The comparative effectiveness of 0.5, 1 and 1.5% organically complexed-bioaugmented 

boron coated DAP was investigated for Brassica napus and Brassica juncea by measuring 

pod length of plants (Fig. 83, 84).  

In case of B. napus, all bioaugmented boron coated DAP formulations showed better 

response at recommended dose of DAP compared to uncoated DAP or C(-) (Fig. 83). At 

75% application of 1.5% DAP-B, longest pods (8.83 cm) were produced compared to other 

formulations. Although, 1% DAP-B applied at 100% also showed significant improvement 

in pod length compared to uncoated DAP. By applying half dose of 1% DAP-B, non-

significant difference in pod length (cm) was noted compared to 100% application of 

uncoated DAP or C(-). At 50% application of 1.5% DAP-B exhibited significant reduction 

compared to control where only DAP was applied i.e. C(-) while non-significant difference 

was observed with treatment where DAP with boron was applied or C(+). However, 

application of 0.5% DAP-B at 100% of recommended DAP showed significantly reduced 

pod length compared to C(+). The smallest pods were observed at 25% application of 0.5 

(3.7 cm) and 1% (4.5 cm) DAP-B. In B. juncea, maximum pod length (8.4 cm) was 

recorded at 75% application of 1.5% DAP-B formulation (Fig. 84). All coated formulations 

performed better than sole application of uncoated DAP. Although, 0.5% DAP-B did not 

demonstrate significantly positive response as compared to C(-), including uncoated DAP 

without boron. The treatment where 0.5% DAP-B was applied at 25% compared to 

recommended dose showed minimum pod length (3.5 cm).  

Both crops under observation performed significantly better at 75 and 100% application of 

1.5% DAP-B compared to C(-) and C(+). However, longest pods were found in B. napus 

compared to B. juncea. 
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Fig. 83 Effect of different formulations of DAP-B on pod length (cm) of B. juncea. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05) 

 

Fig. 84 Effect of different formulations of DAP-B on pod length (cm) of B. juncea. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05) 
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4.46. No. of Seeds Pod-1 

The number of seeds pod-1 of B. napus and B. juncea were counted to evaluate the 

comparative effectiveness of 0.5, 1 and 1.5% organically complexed-bioaugmented boron 

coated DAP formulations which were applied at 25, 50, 75 and 100% (Fig. 85, 86).  

In case of B. napus, all DAP-B formulations applied at 100% of recommended dose of 

DAP performed better compared to uncoated DAP or C(-) (Fig. 85). The maximum number 

of seeds pod-1 of canola (28 seeds) were recorded at 75% application of 1.5% DAP-B which 

were significantly higher compared to 1% DAP-B applied at 75% (24 seeds). However, 

100% application of 1.5% DAP-B responded non-significantly compared to 75%. In 

contrast, application of 0.5% DAP-B applied at 100% had not shown any significant 

influence on number of seeds pod-1 compared to C(-) receiving recommended dose of 

commercial DAP without boron. Fifty percent application of 1.5% DAP-B improved the 

number of seeds pod-1 of crop significantly (25%) compared to the application of uncoated 

DAP without boron or C(-) while results were comparable (4%) to C(+) where application 

of simple DAP with boron. In case of B. juncea the number of seeds pod-1 showed 

maximum escalation when 1.5% DAP-B was applied at 75% (25 seeds per pod) however, 

100% application of same formulation responded non-significantly (23 seeds per pod) 

compared to 75% rate of application (Fig. 86). The minimum number of seeds pod-1 were 

found at 25% application of 0.5, 1 and 1.5% DAP-B which showed 12, 15 and 17 seeds 

pod-1, respectively. Most of the organically-complexed bioaugmented boron coated DAP 

formulations applied at 100% performed better than sole application of uncoated DAP. 

Although, 0.5% DAP-B at 100% did not show significant performance compared to 

uncoated DAP. 

The data demonstrated that B. napus produced higher number of seeds per pod by the 

application of any formulation (0.5, 1 or 1.5% DAP-B) compared to B. juncea. Therefore, 

minimum number of seeds pod-1 were recorded in B. juncea while, maximum seeds per 

pod were found in B. napus. 
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Fig. 85 Effect of different formulations of DAP-B on no. of seeds pod-1 of B. napus. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05) 

 

Fig. 86 Effect of different formulations of DAP-B on no. of seeds pod-1 of B. juncea. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05) 
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4.47. 1000 Grains Weight (g)  

The effectiveness of 0.5, 1 and 1.5% organically complexed-bioaugmented boron coated 

DAP applied at 25, 50, 75 and 100% was investigated by taking thousand grain weight (g) 

of Brassica napus and Brassica juncea (Fig. 87, 88). 

In case of B. napus, thousand grains weight (g) was increased by increasing the level of 

different formulations of coated fertilizer from 25 to 100% of recommended DAP (Fig. 

87). Nevertheless, 1.5% DAP-B applied at 50% showed significant escalation compared to 

C(-) where only DAP was applied and, C(+) where uncoated DAP was applied with boron. 

At same level of application (50%), 1% DAP-B represented non-significant result (2.99 g) 

compared to 100% application of uncoated DAP (2.93 g). The largest percent increase in 

1000 grains weight, 39% compared to C(-) and 22% compared to C(+), was observed 

where 1.5% DAP-B was applied at 75% of the recommended rate of DAP. Although, there 

was significant difference between 1000 grains weight (g) measured at 75 or 100% 

application of 1.5% DAP-B.  Similarly, 1000 grains weight (g) of B. juncea was maximum 

(3.46 g) in treatment receiving 1.5% DAP-B at the rate of 75% (Fig. 88). It is also illustrated 

from bar graph that the 1000 grains weight (g) measured by using 1% DAP-B at 100% 

showed statistically significant difference compared to C(-) receiving only DAP and C(+) 

where recommended dose of uncoated DAP along with boron was applied.   

It was reported that B. napus showed better response to the application of different DAP-

B compared to B. juncea. Therefore, the minimum 1000 grains weight (1.69 g) was 

observed in B. juncea at 25% application of 0.5% DAP-B whereas, maximum 1000 grains 

weight (4.06 g) was observed in B. napus by applying 1.5% DAP-B at 75%.  

 

 



131 
 

 

Fig. 87 Effect of different formulations of DAP-B on 1000 grains weight (g) of B. 

napus. Columns show mean values while means sharing different letters vary 

significantly according to Tukey’s test (p<0.05) 

 

Fig. 88 Effect of different formulations of DAP-B on 1000 grains weight (g) of B. 

juncea. Columns show mean values while means sharing different letters vary 

significantly according to Tukey’s test (p<0.05) 
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4.48. Seed Yield (kg ha-1) 

The variation in seed yield of B. napus (canola) and B. juncea (mustard) was analyzed by 

applying different levels (25, 50, 75 and 100%, compared to recommended dose of DAP) 

of 0.5, 1 and 1.5% organically-complexed bioaugmented boron coated DAP (Fig. 89, 90). 

In case of B. napus, all DAP-B fertilizers performed better than uncoated DAP when all 

fertilizers were applied at its recommended level (Fig. 89). The maximum percent increase 

of 40% compared to sole application of DAP and 18% compared to DAP with boron was 

recorded at 75% application of 1.5% DAP-B. The seed yield obtained at 100% application 

of 1% DAP-B was significantly greater than C(+) but significantly less than 1.5% DAP-B 

applied at 75%. On the other hand, the application of 0.5% DAP-B showed significant 

reduction in seed yield compared to C(+) where recommended dose of uncoated DAP along 

with boron was applied. In addition, the seed yield (kg ha-1) of B. juncea showed maximum 

escalation when 1.5% DAP-B was applied at 75% (2823 kg ha-1) however, 100% 

application of same formulation also responded significantly (2796 kg ha-1) compared to 

75% rate of application (Fig. 90). The minimum seed yield (kg ha-1) was recorded at 25% 

application of 0.5, 1 and 1.5% DAP-B which was 1235, 1501 and 1988 (kg ha-1), 

respectively. All organically-complexed bioaugmented boron coated DAP formulations 

applied at 100% performed better compared to the application of only uncoated DAP. 

Although, 0.5% DAP-B applied at 100% of recommended level revealed significant 

reduction compared to C(-) where only uncoated DAP was applied and C(+) where 

uncoated DAP was applied along with boron. 

Data has clearly demonstrated that both crops under experimentation (B. napus and B. 

juncea) showed significantly higher seed yield (kg ha-1) by receiving the application of 

1.5% DAP-B at 75 and 100% compared to C(-) and C(+). However, the seed yield (kg ha-

1) of B. napus showed better response than B. juncea against the application of different 

formulations. 
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Fig. 89 Effect of different formulations of DAP-B on seed yield (kg ha-1) of B. napus. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05) 

 

Fig. 90 Effect of different formulations of DAP-B on seed yield (kg ha-1) of B. juncea. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05) 
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4.49. Oil Content (%) 

The relative efficiency of 0.5, 1 and 1.5% organically-complexed bioaugmented boron 

coated DAP at 25, 50, 75 and 100% compared to recommended dose of DAP was 

investigated by analyzing the oil content (%) of B. napus and B. juncea (Fig. 91, 92). 

In B. napus, the oil content were significantly improved by increasing the application rate 

of several formulations of coated fertilizer from 25 to 100% of the recommended rate of 

DAP (Fig. 91). The coated fertilizer, 1.5% DAP-B performed better than 0.5 and 1% DAP-

B. In addition, maximum percent increase of 18% compared to C(-) or sole application of 

DAP and 10% compared to C(+) or DAP with boron was achieved at 75% application of 

1.5% DAP-B. Although, 100% application of 1.5% DAP-B performed non-significantly 

compared to 75%. It was also evaluated that 50% application of 1% DAP-B showed non-

significant difference compared to C(-) where recommended dose of uncoated DAP was 

applied. In case of B. juncea, an increase in oil contents was recorded by the application of 

1.5% DAP-B followed by 1% DAP-B (Fig. 92). The treatment receiving the application of 

1.5% DAP-B at 75% showed maximum oil content (37.73%) whereas the minimum oil 

content (23.47%) were observed at 25% application of 0.5% DAP-B. It was noted that the 

oil content (%) showed minimum response to the application of 0.5% DAP-B compared to 

1 and 1.5% DAP-B however, all formulations of DAP-B applied at 100% performed 

comparatively better than sole application of uncoated DAP.  

The data revealed that both crops (B. napus and B. juncea) showed significantly increased 

oil contents (%) by the application of 1.5% DAP-B at 75 and 100% compared to C(-) and 

C(+). However, maximum oil content (41.57%) were observed in B. napus which showed 

better response against the application of 0.5, 1 and 1.5% DAP-B compared to B. juncea. 
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Fig. 91 Effect of different formulations of DAP-B on oil content (%) of B. napus. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05) 

 

Fig. 92 Effect of different formulations of DAP-B on oil content (%) of B. juncea. 

Columns show mean values while means sharing different letters vary significantly 

according to Tukey’s test (p<0.05) 
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4.50. Boron Concentration in Shoots (mg kg-1)  

The boron concentration in roots of B. napus (canola) and B. juncea (mustard) were 

evaluated by using 0.5, 1 and 1.5% organically-complexed bioaugmented boron coated 

DAP at 25, 50, 75 and 100% compared to recommended dose of DAP for both crops (Fig. 

93, 94).  

In B. napus, significant difference between B concentration of shoots was observed at 75 

or 100% application of 1.5% DAP-B (Fig. 93). However, maximum increase in B 

concentration of shoots compared to C(-) receiving DAP without boron and, C(+) receiving 

DAP with boron was noted where 1.5% DAP-B was applied at 100% of the recommended 

rate of DAP. The application of 1% DAP-B applied at 75%  showed statistically non-

significant difference with 1.5% DAP-B applied at 50% however, it was significantly 

different than C(+) where recommended dose of uncoated DAP along with boron was 

applied. In case of B. juncea, higher boron concentrations in shoots were recorded by 

escalating the rate of application of different formulations of DAP-B (Fig. 94). Therefore, 

1.5% DAP-B applied at 50% showed significant increase compared to C(-) which only 

comprised of uncoated DAP and, C(+) containing DAP with boron. The same level of 

application (50%) of 1% DAP-B represented statistically non-significant difference in 

boron concentration of shoots compared to sole application of uncoated DAP applied with 

boron. The maximum boron concentration in shoots (85.2 mg kg-1) were recorded in 

treatment receiving 1.5% DAP-B at the rate of 100%. 

It is evident that B. napus showed mhigh boron concentration in shoots by the application 

of any formulation of DAP-B compared to B. juncea. Therefore, B. napus showed 

maximum boron concentration in shoots (89.73 mg kg-1) at 100% application of 1.5% 

DAP-B whereas, B. juncea showed minimum boron concentration in shoots (20.5 mg kg-

1) by applying uncoated DAP without boron. 
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Fig. 93 Effect of different formulations of DAP-B on B concentration (mg kg-1) in 

shoots of B. napus. Columns show mean values while means sharing different letters 

vary significantly according to Tukey’s test (p<0.05) 

 

Fig. 94 Effect of different formulations of DAP-B on B concentration (mg kg-1) in 

shoots of B. juncea. Columns show mean values while means sharing different letters 

vary significantly according to Tukey’s test (p<0.05) 
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4.51. Boron Concentration in Grains (mg kg-1)  

The impact of 0.5, 1 and 1.5% organically-complexed bioaugmented boron coated DAP at 

25, 50, 75 and 100% application compared to recommended dose of DAP was investigated 

by determining the boron concentration in grains of B. napus and B. juncea (Fig. 95, 96). 

In B. napus, the boron concentration in grains were increased significantly by enhancing 

the application rate of several formulations of coated fertilizer from 25 to 100% compared 

to recommended rate of DAP (Fig. 95). Among coated fertilizers, 1.5% DAP-B showed 

higher B concentration than 0.5 and 1% DAP-B. Likewise, maximum B concentrations 

were found at 100% application of 1.5% DAP-B compared to C(-) or sole application of 

DAP and, C(+) or DAP with boron. Though, 75% application of 1.5% DAP-B also 

performed significantly different compared to 100%. However, 50% application of 1.5% 

DAP-B showed statistically significant increment in boron concentration of grains 

compared to C(-) where only DAP was applied and, C(+) where recommended dose of 

uncoated DAP was applied along with boron. In case of B. juncea, an increase in boron 

concentration of grains was observed by applying 1.5% DAP-B followed by 1% DAP-B at 

same level (Fig. 96). The treatment where 1.5% DAP-B was applied at 100% showed 

highest boron concentration in grains (43.04 mg kg-1) whereas the least value of boron 

concentration in grains (10.22 mg kg-1) was attained in control where boron was not 

applied. It was observed that the boron concentration in grains showed minimum response 

to the application of 0.5% DAP-B compared to 1 and 1.5% DAP-B however, all 

formulations of organically-complexed bioaugmented boron coated DAP applied at 100% 

performed better compared to sole application of uncoated DAP. 

It was revealed from data that both crops (B. napus and B.juncea) showed significant  

improvement in boron concentration of grains by the application of 1 and 1.5% organically-

complexed bioaugmented boron coated DAP at 75 and 100% compared to C(-) and C(+). 

However, maximum boron concentration in grains were observed in B. napus which 

showed better response against the application of different formulations compared to B. 

juncea.   
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Fig. 95 Effect of different formulations of DAP-B on B concentration (mg kg-1) in 

grains of B. napus. Columns show mean values while means sharing different letters 

vary significantly according to Tukey’s test (p<0.05) 

 

Fig. 96 Effect of different formulations of DAP-B on B concentration (mg kg-1) in 

grains of B. juncea. Columns show mean values while means sharing different letters 

vary significantly according to Tukey’s test (p<0.05) 
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4.52. Phosphorus Concentration in Shoots (mg g-1)  

The comparative effectiveness of organically complexed-bioaugmented boron coated DAP 

was evaluated by determining the phosphorus content in shoots of B. napus and B. juncea 

(Fig. 97. 98). 

In case of B. napus, all bioaugmented boron coated DAP formulations applied at 

recommended dose of DAP showed higher phosphorus concentration in shoots compared 

to uncoated DAP or C(-) (Fig. 97). At 100% application of 1.5% DAP-B, maximum 

phosphorus concentration in shoots were observed compared to other formulations (0.5 

and 1% DAP-B). Although, 1% DAP-B also showed significant improvement in 

phosphorus concentration in shoots compared to uncoated DAP. At 50% application of 

different formulations, 1.5% DAP-B exhibited significant results compared to control 

treatment receiving only DAP or C(-) while non-significant compared to treatment where 

DAP along with boron or C(+) was applied. However, application of 0.5% DAP-B showed 

significantly reduced phosphorus concentration in shoots compared to other formulations. 

The lowest phosphorus concentration in shoots (2.06 mg g-1) were observed at 25% 

application of 0.5% DAP-B. In B. juncea, maximum phosphorus concentration in shoots 

(4.04 mg g-1) were recorded at 100% application rate of 1.5% DAP-B formulation (Fig. 

98). All formulations applied at 100% of recommended rate performed better compared to 

sole application of uncoated DAP. Although, 0.5% DAP-B at 100% did not demonstrate 

significant response as compared to uncoated DAP applied without boron. The treatment 

where 0.5% DAP-B was applied at 25% of recommended dose showed minimum 

phosphorus concentration in shoots (1.81 mg g-1). 

The data demonstrated that both crops under observation performed significantly better at 

75 and 100% application of 1 and 1.5% DAP-B compared to C(-) and C(+). However, 

highest phosphorus concentration in shoots (3.94 mg g-1) were observed in B. napus 

compared to B. juncea.  
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Fig. 97 Effect of different formulations of DAP-B on P concentration (mg g-1) in shoots 

of B. napus. Columns show mean values while means sharing different letters vary 

significantly according to Tukey’s test (p<0.05) 

 

Fig. 98 Effect of different formulations of DAP-B on P concentration (mg g-1) in shoots 

of B. napus. Columns show mean values while means sharing different letters vary 

significantly according to Tukey’s test (p<0.05) 
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4.53. Phosphorus Concentration in Grains (mg g-1)  

The phosphorus concentration in grains of B. napus and B. juncea were determined to 

evaluate the comparative effectiveness of 0.5, 1 and 1.5% organically complexed-

bioaugmented boron coated DAP formulations which were applied at 25, 50, 75 and 100% 

(Fig. 99, 100).  

In case of B. napus, all organically-complexed bioaugmented boron coated DAP 

formulations performed better at recommended dose of DAP compared to uncoated DAP 

(Fig. 99). The maximum phosphorus concentration in grains of canola (8.34 mg g-1) were 

recorded at 100% application of 1.5% DAP-B which were significantly higher compared 

to 1% DAP-B applied at 75% (6.97 mg g-1) and 100% (7.72 mg g-1). However, 100% 

application of 1.5% DAP-B responded non-significantly compared to 75%. In contrast, 

application of 0.5% DAP-B had also shown significant influence on phosphorus 

concentration of grains compared to C(-) receiving recommended dose of uncoated DAP 

without boron. Fifty percent application of 1.5% DAP-B improved phosphorus 

concentration of grains significantly (26%) compared to C(-) where application of uncoated 

DAP was done without boron while, non-significantly (2%) compared to C(+) receiving 

application of uncoated DAP with boron. The phosphorus concentration of grains of B. 

juncea showed maximum increase when 1.5% DAP-B was applied at 100% (7.87 mg g-1) 

however, 75% application of same formulation responded non-significantly (7.52 mg g-1) 

compared to 100% rate of application (Fig. 100). The minimum phosphorus concentrations 

of grains were noted at 25% application of 0.5, 1 and 1.5% DAP-B which showed 4.02, 

4.73, 5.12 mg g-1, respectively. All organically-complexed bioaugmented boron coated 

DAP formulations applied at 100% of recommended level performed better than solitary 

application of uncoated DAP. The application of 1% DAP-B at 50% did not show 

significant performance compared to uncoated DAP. 

The data demonstrated that more phosphorus concentrations were recorded in grains of B. 

napus by the application of any formulation (0.5, 1 or 1.5% DAP-B) compared to B. juncea. 

Therefore, minimum phosphorus concentrations in grains (4.02 mg g-1) were observed in 

B. juncea while, maximum phosphorus concentrations in grains (8.34 mg g-1) were found 

in B. napus.  
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Fig. 99 Effect of different formulations of DAP-B on P concentration (mg g-1) in grains 

of B. napus. Columns show mean values while means sharing different letters vary 

significantly according to Tukey’s test (p<0.05) 

 

Fig. 100 Effect of different formulations of DAP-B on P concentration (mg g-1) in 

grains of B. juncea. Columns show mean values while means sharing different letters 

vary significantly according to Tukey’s test (p<0.05) 
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CHAPTER 5                                         DISCUSSION 

 

Efficacy of Boron Tolerant Phosphate Solubilizing Bacillus sp. strain MN-54 for 

Improving Plant Growth in Alkaline Calcareous Soils  

Boron is an essential micronutrient for plants while its deficiency has become a 

major concern in alkaline calcareous soils of Pakistan therefore its application is mandatory 

(Ahmad et al., 2012). In addition, inoculation of soil with plant growth-promoting 

rhizobacteria (PGPR) is highly useful for improving plant growth and crop yield. 

Currently, application of PGPR for being environmentally safer approach is of worldwide 

interest to be preferably used with chemical fertilizers. PGPR improve seed germination, 

plant growth and crop yield by employing different mechanisms involved in enhancing 

water utilization and mineral nutrition (Dobbelaere et al., 2003; Mitter et al., 2013).  

Present study was conducted to find out boron tolerant bacterial strain which could 

work efficiently in the presence of boron, required in small amount and becomes toxic 

above threshold level. The narrow range between deficiency and toxicity of boron is of 

major concern worldwide (Christensen et al., 2006). Ahmed et al. (2007a) isolated a 

microbial sp. named Bacillus boroniphilus that requires boron for optimum growth. 

However, intracellular boron accumulation was observed in Variovorax boronicumulan 

(Miwa et al., 2008). Several microbial species including Bacillus boroniphilus and 

Gracilibacillus have been known to tolerate above 450 mM of boron (Ahmed et al., 2007a, 

b). The aforementioned literature supports the present study where six bacterial strains S5, 

MN-34, MN-42, MN-17, MN-54 and MN-13 were cultured at 60, 120 and 180 mM of 

boron while only one strain i.e. MN-54 (Bacillus sp.) was found comparatively boron 

tolerant as all others showed significantly reduced growth at higher levels of boron 

application. The selected boron tolerant strain MN-54 has already been reported as salinity 

tolerant (Yang et al., 2016). Therefore, Bacillus sp., strain MN-54 was selected for further 

studies. 

Afterwards, MN-54 was cultured in the presence of different carbon sources i.e. 

glucose, glycerol and molasses as proper nutrition is required for microbial growth which 
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plays a significant role in flourishing microbes outside the natural environment. The growth 

of boron tolerant strain, MN-54 was also analyzed in the presence of molasses and boron. 

The results showed that increasing the level of boron improved microbial growth at same 

level of molasses. There is a plethora of studies describing that the inorganic elements like 

nitrogen and phosphorus are growth regulating factors therefore, the application of these 

nutrients is helpful for improving bacterial growth (Raizada and Singh, 1971; Coallier et 

al., 1989; Miettinen et al., 1997). However, carbon has also been considered as a limiting 

factor for bacterial growth in drinking water systems (Van-Der-Kooij et al., 1982; Rompré 

et al., 1995). In current study, molasses was found as an efficient carbon source for Bacillus 

sp., strain MN-54. Recently, Gao et. al. (2017) studied the effect of supplementation with 

carbon sources and microbial management for stimulating Artemia biomass production 

where molasses was observed as a cheaper agricultural byproduct, which resulted in 

highest biomass production of Artemia, compared to glucose and sugar. Molasses also 

contains several inorganic and organic compounds such as biotin and glycine betain, thus 

considered as a better C source (Streit et al., 1996).  

The Bacillus sp. strain MN-54 was further characterized for its plant growth 

promoting traits such as phosphorus solubilization, auxin production, organic acid 

production, 1-aminocyclopropane-1-carboxylate (ACC) deaminase activity and 

siderophores production. The characteristics like P solubilization and auxin production 

were studied in the presence of molasses and boron. Results showed significantly higher P 

solubilization and auxin production where high concentrations of molasses and boron were 

applied (Table, 4; Fig. 3). Literature also described that microbial inoculants have been 

used for enhancing soil fertility for a century ago. For example, plant growth promoting 

rhizobacteria (PGPR) have indispensable role in stimulating plant growth via diverse 

mechanisms. PGPR differ in their mode of action depending on host plant (Dey et al., 2004) 

nevertheless, their general mode of action for plant growth aspects includes; enhancing 

abiotic stress tolerance in their hosts, nutrients fixation for plants uptake, release of several 

plant growth regulators, production of volatile organic compounds and siderophores, and 

plant disease prevention by producing different protective enzymes including glucanase, 

ACC-deaminase and chitinase (Choudhary et al., 2011; Garcia-Fraile et al., 2015). 



146 
 

The bacterial strain MN-54 was capable of solubilizing P (in both agar and broth 

assay) in medium containing boron and molasses. Similar consistent results of phosphorus 

solubilization by phosphate solubilizing bacteria (PSB) were observed earlier in both agar 

and liquid broth assay (Nautiyal, 1999; Islam et al., 2007). The solubilization of phosphorus 

is increased if sufficient energy is provided to organisms by the addition of a carbon source 

(Michael et al., 1992). The bacterial strain MN-54 was found as an effective P solubilizer 

showing visible halo zone formation around its colony on agar plates incubated at 28±2°C. 

Gupta et al. (1994) reported halo zone formation by bacterial isolates on PVK and MPVK 

agar plates which could be due to phosphatase activity of isolated strains. The results of 

our study were also consistent with Tripti et al. (2012) who isolated different microbial 

strains having variable P solubilizing potential in broth and agar medium. They also noted 

phosphate solubilizing activity more than 300 mg L-1. Similarly, maximum P solubilization 

potential of 295 µg mL-1 was observed by MN-54. Park et al. (2011) showed that PSB 

isolates were able to solubilize 217–479 mg L-1 of P. Moreover Chatli et al. (2008) showed 

that different Bacillus species were involved in P solubilization. The P solubilizing 

potential of 247 and 284 µg mL-1 was observed by different Pseudomonas species (Pandey 

et al., 2006; Gupta et al., 2002). In addition, organic acid production by MN-54 was also 

improved at higher levels of boron and molasses. He et al. (2002) described that the 

inorganic P is dissolved by some heterotrophic microbes which are involved in secreting 

organic acids. These organic acids solubilize phosphatic minerals or may chelate cations 

associated with P ions (PO4
3-) thereby directly leaving P into soil solution (Khan et al., 

2009).  

Many studies support the significant increase in auxin production by the addition 

of glucose, sucrose and peptone in growth media while the addition of tryptophan also 

improves auxin production by acting as its precursor. It was noted that the carbon source 

has significant role in improving bacterial growth (Akbari et al., 2007; Tsavkelova et al., 

2007; Ali et al., 2014; Aziz et al., 2015). Makkar and Cameotra (1997) also described the 

utilization of molasses by Bacillus subtilis strains for their growth and biosurfactant 

production. In this study, similar results were obtained as the addition of carbon sources 

like glucose, glycerol and molasses improved bacterial growth however, molasses was 

performing better compared to other carbon sources. 
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Boron tolerant phosphate solubilizing strain, MN-54 also expressed siderophores 

production and ACC deaminase activity. Siderophores are low molecular weight iron 

sequestering compounds which are helpful in improving iron availability to plants (Gull 

and Hafeez, 2009; Naureen et al., 2009) while ACC-deaminase activity assists plants to 

endure various biotic and abiotic stresses by reducing the level of ethylene (Prisch et al., 

2012). The bacteria producing ACC-deaminase enzyme inhibit the hydrolysis of ACC into 

stress hormone, ethylene but converts it into α-ketobutyrate and ammonia. In this way, they 

reduce stress level on plants (Arshad et al., 2007). The production of siderophores, auxins, 

ACC-deaminase and organic acids are main characteristics of plant growth promoting 

rhizobacteria (PGPR). Such bacteria are also involved in solubilization of mineral nutrients 

like phosphorus (Perez-Montano et al., 2014). Therefore, Bacillus sp. strain MN-54 having 

all these characteristics was found as an effective PGPR.  

After evaluating PGPR for promising features under axenic conditions, they are 

further used for analyzing its effectiveness for plant growth by conducting pot and field 

trials under natural conditions (Perez-Montano et al., 2014). For this purpose, an incubation 

study was conducted to examine the temporal release of boron and phosphorus in soil in 

the presence of MN-54. The boron tolerant phosphate solubilizing strain improved boron 

and phosphorus release in soil compared to control. Previous studies also showed improved 

phosphorus availability in soil in the presence of PSB however they did not analyze boron 

tolerance by bacteria. The release of phosphorus from insoluble and adsorbed forms into 

soil solution by PSB is an imperative feature for P availability. The soil bacteria play a 

significant role in transmuting soil organic P to plant available forms (Halder and 

Chakrabartty, 1993; Tripti et al., 2012). It was also observed that boron and phosphorus 

show synergism as improving the availability of boron also improved phosphorus 

availability in the presence of boron tolerant phosphate solubilizing microbial strain MN-

54. These results were in agreement with Chatterjee et al. (1990) who studied the 

interaction between boron and phosphorus in maize by analyzing the tissue concentrations 

of these essential nutrients along with the dry weight production. Synergistic effect of 

boron and phosphorus was recorded however, the deficiency of phosphorus was prominent 

in plants where both phosphorus and boron were deficient than required levels. The 
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efficiency of boron utilization by plants is reduced due to the deficiency of phosphorus 

(Nelyubova and Sychev, 1969). 

A pot experiment was conducted to analyze the efficacy of MN-54 strain on plant 

growth using same treatments as for incubation study. The data showed improved growth 

of canola in the presence of 100% P, 1.5% B and MN-54 compared to lower levels of 

phosphorus and boron. Similar results were obtained as dry matter yield was increased at 

higher levels of applied phosphorus. Also, increasing the level of B application from 0 to 

2 ppm improved the dry matter production of plants (Aziz and Aly, 2012). It was observed 

that B application show significant improvement in plant growth, seed yield, phosphorus 

and sulphur uptake, benefit: cost ratio and net returns as compared to control where no 

boron was applied (Mallick and Raj, 2015). Bao-Luo et al. (2015) observed marked 

improvement in plant growth and yield of canola by combined fertilization of nitrogen, 

sulfur and boron. The aforesaid literature supports our findings by describing the 

significance of phosphorus and boron which being essential nutrients play significant role 

in plant growth and development. On the other hand, PSB significantly improves root and 

shoot length, root and shoot dry weight and nutrient contents in plants compared to un-

inoculated control (Sarker et al., 2014), supporting our PGPR strain MN-54 in improving 

plant growth by the production of growth regulators. The data also showed that the 

application of 1% B, 50% DAP and MN-54 showed almost similar plant growth as 

compared to control where full dose of DAP was applied without B and MN-54. The 

combined use of PGPR and PSB could minimize P fertilization by 50% without significant 

drop in crop yield (Jilani et al., 2007; Yazdani et al., 2009). It was noted that PSB inoculants 

hold great extrapolations for sustainable crop production with optimum use of P fertilizers 

(Ahmad et al., 2009). Henceforth, the interaction of B, P and B tolerant P solubilizing 

Bacillus sp. strain MN-54 was found highly efficient in improving nutrient availability and 

plant growth.  
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Assessment of temporal release of boron and phosphorus in soil from different 

formulations of organically complexed-bioaugmented boron coated DAP (DAP-B) 

compared to uncoated fertilizer (DAP and boric acid)  

After evaluation of boron tolerant phosphate solubilizing bacterial strain MN-54, 

three coated formulations of organically-complexed bioaugmented boron coated DAP 

were prepared and tested for B and P release with regular time intervals. The organic matter 

was used as a carrier material for B tolerant phosphate solubilizing bacteria in organically-

complexed bioaugmented boron coated DAP formulations. Carrier material has significant 

role in inoculated fertilizers as it is involved in supplying optimum amount of active 

microorganisms in field conditions. A good carrier material provides better niche, long 

term storage and easy handling thereby improving the performance of bioaugmented 

fertilizers (Mishra and Dadhich, 2010). It also facilitates the survival of bacteria by 

providing suitable microenvironment. The addition of organic amendments is also helpful 

in improving the biological properties of soils (Tejada et al., 2006). Since, we inoculated 

our fertilizer with a bacterial strain while organic matter was used as a carrier therefore the 

above-mentioned studies support current experiment.  

The improved P availability could be due to the inoculation of fertilizer with 

Bacillus sp. strain MN-54 which was characterized by having boron tolerance, organic acid 

production and P solubilizing potential. The beneficial microbes are involved in improving 

nutrients’ availability by different mechanisms including assimilation, mineralization and 

solubilization (Khan and Joergesen, 2009). These soil processes viz. mineralization, 

decomposition and release or storage of nutrients is highly influenced by microbial biomass 

further affecting soil fertility, which could be a reason of increased B and P availability in 

this study. Moreover, microbes improve the availability of P to plants by mineralization 

from organic sources and solubilization from precipitated phosphates (Kang et al., 2002; 

Pradhan and Sukla, 2005; Chen et al., 2006). The P solubilization activity of MN-54 was 

observed in our study which could solubilize P in soil as PSB are involved in organic acid 

production thereby improving its availability (Garcia-Fraile et al., 2015). 

It was shown that availability of boron was improved by increasing the amount of 

boron on coated product. On the other hand, availability of phosphorus was enhanced for 
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longer duration by increasing the thickness of coating. However, phosphorus was released 

slowly from the product while boron was readily available. Previous literature shows that 

the application of controlled-release fertilizers reduces nutrient losses and improves 

nutrient use efficiency (NUE). A reduction of about 20-30% of the recommended dose of 

commercial fertilizer can be obtained by the use of controlled-release fertilizers while 

maintaining same crop yield. The Japanese Ministry of Agriculture, Forestry and Fishery 

(MAFF) endorsed the application of small amount of controlled-release fertilizers as a 

substitute to commercial fertilizers (Tachibana, 2007 and 2008) which highly reduces 

environmental risks (Ma et al., 2015). This literature was supporting the data of present 

study which showed that 50 and 75% application of 1.5% organically-complexed 

bioaugmented boron coated DAP showed slower but higher release of phosphorus 

compared to conventional fertilizer.  

Effect of different formulations of DAP-B on growth, physiology, yield and oil content 

of Brassica napus (canola) and Brassica juncea (mustard) 

Canola is considered among the most sensitive crops to low supply of boron, 

exhibiting characteristic symptoms of B deficiency on stems, leaves and reproductive plant 

parts (Asad et al., 2002). Boron being an essential micronutrient assists in the formation of 

indole acetic acid (IAA) which is further involved in improving growth of root tips and 

several meristematic cells in vascular plants. The deficiency of boron especially during 

lignin and cell wall formation can restrict synthesis and multiplication of cambial cells as 

it impairs cell differentiation of water conducting tissues or xylem. Passable supply of 

boron can improve xylem functioning by refining cell structure of water and nutrient 

conducting vascular tissues, thus improves nutrient mobility and uptake (Dell and Huang, 

1997). 

The application of organically complexed-bioaugmented boron coated DAP 

significantly improved the growth, chlorophyll contents, morphology, grain quality, other 

yield parameters, oil content and biofortification in grains. Boron application improved the 

root score in Oryza sativa (Farooq et al., 2011; Rehman et al., 2011). Several studies have 

described that the application of boron improves water status in different field crops 

(Bastias et al., 2004; Will et al., 2011) which affirmed that boron plays direct role in water 
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relations of plants. An increase in the number of root tips might have caused increased 

water uptake which resulted in improved water relations (Möttönen et al., 2001). In 

addition, boron deficiency in leaves showed poor water status compared to those receiving 

normal boron fertilization (Bastias et al., 2004), which might have been associated with 

vigorous plant growth in present study.  

The chlorophyll content (SPAD) of Brassica napus and Brassica juncea were 

significantly improved by the application of organically-complexed bioaugmented boron 

coated DAP. This could have happened due to positive effect of boron on the activity of 

Hill reaction and net photosynthetic rate (Sharma and Ramchandra, 1990), which might 

have enhanced chloroplast development. In contrast, decreased chlorophyll content in 

plants not receiving B nutrition might be caused by inhibition of photosynthesis which 

might have reduced the development of chloroplast (Wang et al., 2007). The deficiency of 

boron decreases quantum yield which is considered to be relevant to reduced chlorophyll 

content (Plesnicar et al., 1997). Boron deficiency also influences functioning of enzymes 

and proteins in plasma membrane, membrane integrity and various transport processes 

across the membrane (Brown et al., 2002; Goldbach et al., 2002), which may have 

decreased chlorophyll content in plants which were not receiving boron application in our 

study. Garcia-Gonzalez et al. (1990) reported that B deficit significantly decreases 

photosynthetic rate in Anabaena due to decreased photosynthetic pigments. Zheng et al. 

(1989) also observed positive influence of boron application on chlorophyll content 

(SPAD) which increases rate and efficiency of photosynthesis. 

In this study, a significant increase in plant height of mustard and canola crops was 

observed by the application of DAP-B fertilizers, which could be due to vigorous 

involvement of boron in meristematic growth (Bohnsack and Albert, 1977), which may 

have increased elongation and division of cells (Mouhtaridou et al., 2004). Furthermore, 

improvement in plant height by the application of boron might be due to the contribution 

of boron in regulating phyto-hormones, stimulating metabolic pathways, improving cell 

division and its significance for actively growing plant parts such as development of root 

tips, buds and new leaves (Ahmad et al., 2009). Therefore, improved plant height could be 
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due to higher amount of B application i.e 1.5% DAP-B compared to lower levels or 0.5% 

DAP-B in our experiment. 

The application of 1.5% DAP-B at 75% showed maximum root development as it 

was able to supply sufficient B and P for optimum plant growth thus, availability of soil 

boron was significantly influencing root development of plants. It has been described that 

the absence of boron in growth media for less than 6 hours resulted in stunted growth of 

sunflower roots which showed that the roots of sunflower were quite sensitive to boron 

deficiency (Dugger, 1983). The root and shoot dry weight of sunflower was also 

considerably increased due to foliar application of boron at 28 mM (Asad et al., 2003). The 

association of boron in cellular signaling via interacting with several other transcription 

factors has been demonstrated thereby regulating the growth cascades (González-Fontes et 

al., 2008), hence resulting in improved root growth in treatments where adequate B was 

supplied compared to control where no boron was applied. 

The data also revealed that B. napus and B. juncea were producing more shoot dry 

biomass by the application of different formulations of organically-complexed 

bioaugmented boron coated DAP compared to conventional DAP applied without boron. 

In a study, it was described that boron application improved dry matter production in canola 

(Malhi et al., 2003). The maximum straw yield of canola was obtained by the application 

of 2 kg B ha-1 (Abid et al., 2014). Koge (1978) observed reduced dry matter yield due to B 

deficiency. The coincide application of boron and sulphur also significantly influenced the 

dry weight of canola whereas maximum dry weight was obtained by the application of 

boron applied at 2.5 kg ha-1. Malhi et al. (2003) also described that the application of boron 

improved boron absorption, dry matter production and grain yield. The experiments 

conducted by Stangoulis et al. (2000) have clearly revealed that boron application increases 

dry matter and number of branches of canola under greenhouse and farm conditions.  

However, a significant drop in canola dry weight was observed with the application of 10 

kg B ha-1 (Nadian et al., 2010). These findings are in agreement with present data where 

application of 1.5% DAP-B at 75% was improving dry matter production while the 

application of same fertilizer at 100% showed reduced dry matter production compared to 
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75% dose. It could be due to narrow range of boron between its deficiency and toxicity 

(Ahmad et al., 2012).  

In present study, optimal supply of boron using DAP-B improved all the recorded 

parameters of yield including number of flowers, number of pods per plant, number of 

seeds per pod, 1000 grain weight and grain yield, which could be due to the involvement 

of boron in assimilate partitioning and reproduction (Noppakoonwong et al., 1997), growth 

of pollen tube and pollen germination (Mozafar, 1993).  The improved source-sink 

relationship may have ensured better translocation of assimilates during the development 

of grains. Furthermore, improved grain size may also be due to enhanced chlorophyll 

content in plants which further ensures the provision of various assimilates of 

photosynthesis in green plant for longer period of time. This literature supports our data as 

photosynthetic rate was also improved by the application of higher level of B compared to 

lower levels. Besides, improvement in various yield attributes may be because of increased 

metabolic activities by boron fertilization inside the younger plants (Goldbach et al., 2001).  

The other reason of increased seed yield at higher levels of B application in our 

study may be because of improved fertility of plants by B nutrition as boron deficiency 

induces sterility in many monocotyledonous and dicotyledonous species (Dell and Huang, 

1997), which lessens viability of pollens (Subedi et al., 1998). It was reported that the 

foremost reason of sterility is insufficient transport of boron to flowers during the critical 

time period of pollen formation (Rawson, 1996). In oilseed rape, boron deficiency resulted 

in small sized stamen due to reduced stamen growth (Zhang et al., 1994).  Hence, all yield 

attributes were improved due to improved boron concentration in our study, which may 

also be due to its role in reproductive growth, mainly in flowering, fruit and seed set leading 

to better crop yields (Noppakoonwong et al., 1997). Boron application is especially 

important for the formation of pollen tube and cell wall, however it is also significant for 

plant metabolism (Brown et al., 2002). An increase in number of grains per silique by the 

application of boron resulted in increased grain yield (Stangoulis et al., 2000). This could 

also be the reason of improved flower retention, number of pods per plant, thousand grain 

weight (g) and seed yield (kg ha-1) in current experiment.  
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In contrast, a decrease in number of flowers and pods was observed in present study 

where boron was not applied. Bergmann (1984) found that the deficiency of boron 

decreases the crop yield. In another experiment, boron deficient plants produced fewer no. 

of pollen grains (less than 100 per anther compared to normal range of 1000-2000 per 

anther) with reduced size (less than half of the normal size) and deformation (Rerkasem 

and Jamjod, 1997). Dell and Huang (1997) also analyzed that severe deficiency of boron 

in wheat diminishes anthers development which results in specific structures mainly 

deprived of cells in anther locules.  

In addition to higher straw and seed yield, the data of present study also showed 

that sufficient amount of B application also results in optimum B concentration in shoots 

and seeds. The maximum increase in boron concentration of plant was observed where 

1.5% DAP-B was applied at 100% (maximum dose) as compared to the recommended rate 

of DAP. It was supported by findings where optimal supply of boron was ensuring optimal 

concentration of this nutrient in seeds and shoots (Nadian et al., 2010; Manoharan et al., 

2012). The optimum range of tissue concentration of boron for canola is between 35-80 

mg kg-1 (Reuter and Robinson, 1997). The concentrations of boron in shoots of B. napus 

and B. juncea were 29 and 21 mg kg-1, respectively which were in deficient range. It was 

also noted that boron fertilization improves boron contents in roots, shoots and grains 

(Karamanos et al., 2003; Moradi-Telavat et al., 2008). The tissue concentrations of B were 

higher compared to seed and root concentrations, although they showed similar response 

to the treatments. Abat et al. (2014) also found higher B concentration in shoots compared 

to seeds and roots. In contrast, the lower concentration of boron in seeds and straw in C(-) 

receiving zero application of boron may also be relevant to B deficiency under control 

conditions. Similar results were recorded by Abid et al. (2014).  

The data of current study showed significant increase in oil content by increasing 

the application rate of DAP-B formulations compared to recommended rate of DAP. 

Moradi-Telavat et al. (2008) also found that increased rates of boron significantly improved 

the no. of seeds per silique, seed yield, harvest index and oil yield. Nuttal et al. (1987) 

analyzed that the application of boron along with nitrogen improved oil yield. The boron 

fertilization is recommended to maximize canola yield (Porter, 1993).  However, the 
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combined application of boron and sulphur also improved oil content of Brassica napus L. 

(Nadian et al., 2010). It showed that increased grain yield of canola by B fertilization could 

be a reason of increased oil content in our experiment. In another study, a considerable 

escalation in fat content of grain was recorded by simultaneous application of boron and 

magnesium sulphate in microelement fertilizer, Solubor (Spychaj-Fabisiak et al., 2011). 

The application of copper to rapeseed also confirmed the increase in oil content in grains 

(Sienkiewicz-Cholewa, 2008a, 2010). The fertilization of winter rape with boron, copper 

and elemental sulphur resulted in improved contents of these nutrients in plants, along with 

increased yield and oil content (Sienkiewicz-Cholewa and Kieloch, 2015). Several 

literature is available to support our data where addition of B improved oil content of 

Brassica (Pageau et al., 1999;  Lääniste et al., 2004; Yang et al., 2009). 

In this study, the application of boron containing fertilizer resulted in improved 

grain quality of oilseed mustard and canola. It was also reported that the application of 

boron improves yield and kernel quality of rice (Atique-ur-Rehman et al., 2014; Cakmak, 

2002). Similarly, insufficient boron nutrition in rice crop adversely affects the quality of 

rice thus deteriorating its market value. In contradiction, boron fertilization improves grain 

quality for cooking purposes. It also results in increased milling and head recovery of 

kernel (Rashid et al., 2004). Boron content in grains were also increased by boron 

application (Atique-ur-Rehman et al., 2014). In another study, it was observed that 

agronomic biofortification is lucrative, safer and instant approach for nutrient enrichment 

of grain (Mayer et al., 2008). 

On the other hand, P is an important growth limiting macronutrient therefore, plant 

characteristics like stalk strength, root development, flower and seeds formation, crop 

production, nitrogen fixation in legumes, crop maturity, plant disease resistance and 

improved crop quality can be attained by P nutrition (Ezawa et al., 2002). Keeping this in 

view, the interactive effect of boron and phosphorus was also studied by applying three 

different DAP-B formulations at different levels and then analyzing their effect on growth 

and tissue concentration of these nutrients. It was observed that these nutrients were 

showing highly positive association with each other.  
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According to Chatterjee et al. (1990), the dry weight and concentrations of boron 

and phosphorus in plant tissues were evaluated to study the interaction between these 

nutrients in maize. Synergistic interaction between B and P was also recorded however, P 

deficiency was much noticeable at combined deficiency of aforementioned nutrients 

(Chatterjee et al., 1990). The boron utilizing efficiency by plants was limited due to the 

phosphorus deficiency (Nelyubova and Sychev, 1969). The deficiency of phosphorus and 

boron also significantly reduced the concentration of DNA and RNA. This showed that 

phosphorus is basic part of nucleotides which are indispensable for nucleic acid formation 

(Hundt et al., 1970; Bould, 1983). In addition, boron is also involved in the formation of 

various components of nucleic acid therefore, B deficiency led to nucleic acid degradation 

(Kevresan et al., 1977; Dugger, 1983). Consequently, a chain reaction is established due to 

simultaneous deficiency of phosphorus and boron resulting in significant drop in nucleic 

acid contents. Owing to limited RNA, protein content is also decreased which eventually 

results in impaired growth and reduced dry weight (Hewitt, 1983). Similar observation was 

noted by Koge (1978) during his experiment on tomatoes where he explained that the dry 

matter production and protein content were critically reduced due to combined deficiency 

of phosphorus and boron compared to sole deficiency of phosphorus. Therefore, the data 

of present study was in agreement with above findings.  

In current experiment, the absence of boron was also reducing phosphorus content 

in different plant tissues and vice versa. Moreover, boron nutrition improved boron 

contents in roots, shoots and grains of both crops under observation. It was therefore 

observed that boron has imperative role in P translocation and absorption while, the 

absence of this essential nutrient resulted in decreased P uptake up to 33.5%. In addition, 

the absence of boron caused 32% severe drop in yield compared to the absence of nitrogen, 

phosphorus or potassium alone or in combination (Dash et al., 2015). The deficiency of 

boron is often observed in calcareous soils (Goldberg, 1997; Ahmad et al., 2012) however, 

excessive boron is also toxic for optimum germination and proper development of canola 

(Dordas, 2006). For instance, a significant drop in canola dry weight was observed with 

the application of 10 kg B ha-1 (Nadian et al., 2010) which may be a cause of decreased 

plant growth in treatment where 1.5% DAP-B was applied at 100%. 
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Moreover, the selected boron tolerant phosphorus solubilizing Bacillus sp. strain 

MN-54 being used in this study was designated as PGPR. It was known to have several 

plant growth promoting characteristics including the production of siderophores, auxin, 

ACC-deaminase and organic acid. It was also involved in P solubilization which could be 

due to the production of organic acids thereby resulting in improved nutrients availability 

for plant growth.  Literature has shown that PGPR improve plant growth directly by the 

production of auxin as phytohormone (Patten and Glick, 2002), reduction in ethylene level 

of plant (Glick et al., 2007) or by nitrogen fixation associated with plant roots (Dobereiner, 

1992). They are also involved in improving abiotic stress tolerance in their host plants, 

fixation of nutrients for plant uptake, release of different plant growth regulators, 

production of siderophores and volatile organic compounds, and plant disease prevention 

by producing various protective enzymes such as ACC-deaminase, glucanase and chitinase 

( Choudhary et al., 2011; Garcia-Fraile et al., 2015).  

On the other hand, improved growth and yield of Brassica sp. in present study may 

also be due to promising features of MN-54 strain, which are involved in plant growth 

promotion. Sarker et al. (2014) reported that PSB significantly improve root and shoot 

length, root and shoot dry weight and nutrient contents in plants compared to un-inoculated 

control. It was also reported that the combined use of PGPR and PSB could minimize P 

fertilization by 50% without significant drop in crop yield (Jilani et al., 2007; Yazdani et 

al., 2009), which might be a cause of improved growth and yield of crops at lower levels 

(50 and 75%) of 1 and 1.5% DAP-B fertilizers compared to control where only uncoated 

DAP was applied. Thus, PSB inoculants hold great extrapolations for sustainable crop 

production with optimum use of P fertilizers (Ahmad et al., 2009).  

In inference, considerable increase in plant growth, physiology, quality, yield and 

oil content of Brassica napus (canola) and Brassica juncea (mustard) was obtained with 

the application of small amount of organically-complexed bioaugmented boron coated 

DAP (DAP-B) compared to conventional fertilizer. Among different formulations of 

coated fertilizers, 1.5% DAP-B applied at 75% performed best by showing maximum 

growth, yield and oil content compared to 0.5 and 1% DAP-B applied at 100% of the 

recommended dose of commercial DAP. Although, later were also performing better 
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compared to conventional fertilizer. The coating of boron on DAP also reduces labour 

required for the application of boron. It was noted that the use of controlled-release 

fertilizers results in the reduction of about 20-30% compared to the recommended dose of 

commercial fertilizer while maintaining crop yield (Tachibana, 2007 and 2008). Thus, the 

present approach not only enhances plant growth, yield and oil content but also brings 

environmental benefits as a complex fertilizer becomes available to plants by reducing 

fertilizer losses and improving nutrients availability. In addition, labor cost is also 

minimized by the application of mentioned nutrients (B, P) at once.  
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SUMMARY 

It would not be overkilled to say that the food we eat today has sparse nutritional 

value compared to those produced decades ago. The major offender in this disconcerting 

nutritional drift is soil depletion along with imbalanced use of fertilizers as macronutrients 

are applied but micronutrients are ignored, while micronutrients are as important as 

macronutrient. Same scenario has been observed in case of boron which has become 

deficient in more than 65% Pakistani soils under agro-ecological conditions and it is still 

being snubbed by the farmer (Rashid, 1994; Ahmad et al., 2012). Boron (B) is a unique 

non-metal micronutrient which plays vital role in the growth, productivity and oil content 

of crops. The contribution of B towards nutrients uptake and yield improvement was found 

maximum among the secondary macronutrients and micronutrients (Dash et al., 2015). 

Boron deficiency also resulted in reduced seed yield in Brassica napus L. (Shi and Wang, 

2009). Experiments conducted in Pakistani soils showed that oilseed crops were 

performing well by the application of B (Anonymous, 1998; Ahmad et al., 2012).  

On the other hand, the low availability of phosphorus (P) is due to its high fixation 

and slow diffusion in the soil, which renders P as one of the major limiting factors for the 

growth and development of plants. Likewise, uptake and utilization of P by plants plays a 

significant role in the determination of ultimate crop yield (Shen et al., 2011). In addition, 

inoculation of soil with plant growth-promoting rhizobacteria (PGPR) is highly useful for 

improving plant growth and crop yield. Currently, application of PGPR for being 

environmentally safer approach is of worldwide interest to be preferably used with 

chemical fertilizers. PGPR improve seed germination, plant growth and crop yield by 

employing different mechanisms involved in enhancing water utilization and mineral 

nutrition (Dobbelaere et al., 2003; Mitter et al., 2013). 

The current study was conducted to formulate an organically-complexed bioaugmented 

boron coated DAP fertilizer formerly named as DAP-B.  

Following experiments were conducted in series: 

 First of all, pre-isolated bacterial strains S-5, MN-34, MN-42, MN-17, MN-54 and 

MN-13 were taken from Soil and Environmental Microbiology Laboratory, 
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Institute of Soil and Environmental Sciences, University of Agriculture Faisalabad, 

Pakistan. The growth of six bacterial strains was assessed in tryptic soy broth (TSB) 

medium at different levels of boron (0, 60, 120 and 180 mM) to find out boron 

tolerant strain which could work efficiently in the presence of boron, required in 

small amount and becomes toxic above threshold level. MN-54 (Bacillus sp.) was 

found comparatively boron tolerant as all strains showed significantly reduced 

growth at higher levels of boron application. Therefore, Bacillus sp., strain MN-54 

was selected for further studies.  

 Afterwards, MN-54 was cultured in the presence of different carbon sources i.e. 

glucose, glycerol and molasses as proper nutrition is required for microbial growth 

which plays a significant role in flourishing microbes outside the natural 

environment. However, molasses was found as an efficient carbon source for 

Bacillus sp. strain MN-54. The growth of boron tolerant strain, MN-54 was also 

analyzed in the presence of molasses and boron. The results showed that increasing 

the level of boron improved microbial growth at same level of molasses. 

 The Bacillus sp. strain MN-54 has also demonstrated plant growth promoting traits 

such as phosphorus solubilization, auxin production, organic acid production, 1-

aminocyclopropane-1-carboxylate (ACC) deaminase activity and siderophores 

production. The characteristics like P solubilization and auxin production were 

studied in the presence of molasses and boron. Results showed significantly higher 

P solubilization and auxin production where high concentrations of molasses and 

boron were applied. The bacterial strain MN-54 was capable of solubilizing P (in 

both agar and broth assay) in medium containing boron and molasses. 

 An incubation study was conducted to analyze the temporal release of boron and 

phosphorus in soil in the presence of MN-54 using uncoated fertilizer sources. The 

boron tolerant phosphate solubilizing strain improved boron and phosphorus 

release in native soil. Later, a growth room experiment was conducted to check the 

efficacy of interactive effect of MN-54, B and P application on canola growth. The 

data has shown improved growth of canola in the presence of 100% P, 1.5% B and 

MN-54 compared to lower levels of phosphorus and boron application as dry matter 

production was increased at higher levels of applied phosphorus and boron.  
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 After evaluation of boron tolerant phosphate solubilizing bacterial strain, MN-54, 

three coated formulations of 0.5, 1 and 1.5% organically-complexed bioaugmented 

boron coated DAP were prepared and tested for B and P release with regular time 

intervals. The organic matter was used as a carrier material for B tolerant phosphate 

solubilizing bacteria for the formulation of DAP-B. 

 The experiment conducted to investigate the temporal release of DAP-B 

formulations elucidated that availability of boron was improved by increasing the 

amount of boron on coated product. On the other hand, availability of phosphorus 

was enhanced for longer duration by increasing the thickness of coating. However, 

phosphorus was released slowly from the product while boron was readily 

available. It was also noted that 50% and 75% application of 1.5% organically-

complexed bioaugmented boron coated DAP showed slower but higher release of 

phosphorus compared to conventional fertilizer. 

 Finally, a pot experiment followed by a field experiment were conducted in 

University of Agriculture, Faisalabad to analyze the effectiveness of different 

formulations of organically complexed-bioaugmented boron coated DAP over 

commercial DAP fertilizer by investigating the growth, physiology, yield, quality 

and oil content of Brassica napus  and Brassica juncea. For this purpose, three 

formulations of organically-complexed bioaugmented boron coated di-ammonium 

phosphate (0.5, 1 and 1.5% DAP-B) were analyzed at four different levels i.e. 25, 

50, 75 and 100% of recommended P fertilizer. Results were compared with C(-) 

control, where uncoated DAP without boron was applied and C(+) control where 

recommended dose of commercial DAP along with boron was applied. 

Considerable increase in growth, physiology, yield, quality, B and P concentration 

in grains and oil content of B. napus and B. juncea were observed in treatments 

where any of the three formulations of organically complexed-bioaugmented boron 

coated DAP were applied at 100% compared to the recommended dose of simple 

DAP. However, 1.5% DAP-B applied at 75% was found to be the most effective 

for both crops under observation (B. napus and B. juncea) compared to other 

treatments. 
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