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ABSTRACT 
 

 Zinc (Zn) is an important micronutrient required for the proper growth and 

development of plants, animals and humans. Its role is not ignorable. In plants, it plays a 

vital role in cell division, photosynthesis, enzymatic activity especially carbonic 

anhydrase, protein synthesis and DNA replication. In humans its importance is well 

reported for skin and cell division. Its deficiency among humans resulted in skin 

disorders, cancer, malaria, diarrhea and respiratory disorders. It acts as co-factor in more 

than 100 enzymes and provides protection against cancer. According to a report about 

800000 deaths annually just due to Zn deficiency in poor communities. About 70% of soil 

in Pakistan is Zn deficient due to less organic matter, high pH, high CaCO3 contents, 

water logging and saline soils. Due to soil Zn deficiency and farmer’s ignorance toward 

Zn application in developing countries, the cereals grown on such soils are Zn deficient to 

fulfill the human requirement. On the other hand the cereals like rice, wheat and maize 

grains are major source of minerals and caloric intake especially population of rural area. 

Due to Zn deficient conditions (in plants and humans) bio-fortification of Zn in rice and 

wheat grains by proper fertilization is a dire need of the time. The new approach i.e. the 

solublization (with ZSB) of Zn insoluble source (ZnO) and then coating of this bio-

activated ZnO on urea was hypothesized as a possible solution to enhance growth, 

physiology, yield and quality of the above mentioned crops. The Zn source which is 

mostly used in Pakistan is ZnSO4 contains 33% of Zn concentration. The applied Zn in 

soils is usually fixed with soil matrix only 4-5% of applied Zn becomes available for 

plants. ZnSO4 is considered an expensive source that’s why farmers are reluctant to use it. 

While the other Zn source e.g. ZnO which is cheaper source contains 80% of Zn contents 

but in insoluble form. The bio-activation of ZnO and then coating of this bio-activated Zn 

on urea could be a cost effective, eco-friendly and feasible method to improve Zn bio-

availability from this source. This approach improves the Zn bioavailability. By keeping 

in mind the above mention issue, a series of experiments were conducted to produce and 

evaluate the different levels (0.5, 1 and 1.5%) of bio-activated Zn (ZnO) coated, only Zn 

(ZnO) coated, and Zn (ZnO) blended urea for improving growth, yield, quality and grains 

Zn concentration of rice and wheat crops. This bio-activated Zn (ZnO) coated urea was 

compared with the recommended Zn (ZnSO4) and control (no Zn). For the purpose of 

bio-activation pre-isolated zinc solubilizing bacterial strain (Bacillus sp. AZ6 Accessio 

no. KT331633) was taken from Environmental Sciences Laboratory, Institute of Soil and 

Environmental Sciences, University of Agriculture, Faisalabad. The characterization of 

the ZSB was done and observed that strain having the ability to solubilize the Zn 

(qualitatively and quantitatively) also contains plant growth promoting attributes such as 

ACC-deaminase, siderophore, auxine and pH reduction in broth culture media by organic 

acids production. After the conformation of above mention growth promoting attributes in 

strain, this strain was used for the bio-activation of Zn (ZnO) and coated this bio-

activated Zn on urea at different levels as mentioned above meanwhile the other products 

such as Zn coated and blended urea was formed with the same levels. Bio-activated Zn 

(ZnO) coated, Zn blended, without bio-activated Zn coated urea, recommended Zn 

(ZnSO4) and ZSB were checked for the temporal release of Zn and urease activity in soil. 

1.5% bio-activated Zn (ZnO) coated urea showed gradual and constant increase in Zn 

concentration and urease activity. The maximum increase in Zn bioavailability was 

observed at 60th day of experiment. Different treatments showed different response with 

respect to Zn release in soil. So, all treatments were evaluated under pot condition for rice 

and wheat crops. The pot experiments were conducted to evaluate and compare the effect 

of different levels of Zn coated, Zn blended and bio-activated Zn coated urea with ZnSO4 
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and control (no Zn) on rice and wheat crops. Eleven treatments with one control were 

arranged according to completely randomized design. The application of 1.5% bio-

activated Zn coated urea showed best results in all growth and yield parameters. On the 

other hand with the application of ZnSO4 improved results were observed as compare to 

control where no Zn was applied. 1.5% bio-activated Zn coated urea significantly 

improved Zn concentration in the grains of rice and wheat. The use of only ZSB improves 

all above mentioned parameters as compare to control. In 1.5% bio-activated Zn coated 

urea, almost 30-35 % increase in grains yield was observed as compare to ZnSO4. Three 

levels 1.5% bio-activated Zn coated urea, 1.5% Zn coated urea and 1.5% Zn blended urea 

were selected for further field evaluation on the basis of pot experiments results. The 

results of field experiments on rice and wheat again showed that best performing level 

was 1.5% bio-activated Zn coated urea as compared to ZnSO4 and control. Grains yield 

and grains Zn concentration was increased 30 to 50% and 20 to 30 % in rice and wheat 

crops respectively. The quality parameters like oil contents, protein and N concentration 

improves significantly with the application of 1.5% bio-activated Zn coated urea in both 

crops. The anti-nutrient e.g. phytate concentration was decreased up to 30 percent in rice 

and wheat grains. Soil analysis was done after crops harvesting of rice and wheat and the 

residual plant available Zn contents were determine and in all treatment increased 

concentration of plant available Zn was observed while the maximum value that was 0.82 

mg kg-1 after rice and 0.9 mg kg-1 after wheat harvesting with the application of bio-

activated Zn coated urea at the level of 1.5%, in rice and wheat crops the % increase in 

residual Zn concentration was 17.07 and 17.7% respectively as compare to recommended 

Zn (ZnSO4). The humans Zn deficiency fulfills in this way, in Pakistan the current status 

of Zn in grains 28 µg g-1 and for humans 45 µg g-1 is required, with the application 1.5% 

bio-activated Zn coated urea 45 and 45.16 µg g-1 concentration was achieved in rice and 

wheat respectively and this concentration enhanced by the constant application of this 

product. As a conclusion we can say that the use of 1.5% bio-activated Zn coated urea is a 

novel strategy to improve growth, physiology, yield, grains Zn concentration and quality 

of rice and wheat due to less laborious, less costly and eco-friendly approach as compare 

to the application of Zn and urea separately. The farmer’s ignorance can be minimized in 

this way. This is a way of economic supply of Zn to cereals and gets maximum benefits 

with less labor cost. 
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CHAPTER 1                                                                               

INTRODUCTION 

 World population is increasing day by day; therefore, food demand is also 

increasing while the natural resources are limited (United Nations, 2015). On the other 

hand, malnutrition particularly of micronutrients is a very serious issue of poor 

community; micronutrients deficiency is also severe threat among them (Huang et al., 

2002). Malnutrition or improper nutrition is ever growing problem in these areas. Zinc 

(Zn) deficiency is the fifth largest cause of deaths and disorders (WHO, 2002). Its 

deficiency is responsible for 16% of respiratory disorders, 10% of diarrhea and 18% 

malaria with 800,000 deaths annually in developing countries. It also affects the immune 

system, normal reproductive system and normal cell growth and causes skin disorders and 

cancer (Tisdale et al., 1984; WHO, 2002). Its requirement depends upon age and gender. 

It requires about 10 to 14 mg Zn day-1 in different ages (Bouis and Welch, 2010). Zinc 

application to soil not only increases the growth and yield of plants but also improves 

overall vigor and plant pigments e.g. sugars and oil contents (Khalifa et al., 2011). It is 

well reported in the previous years that Zn fertilization to cereal crops especially wheat 

enhances its contents in flag leaf, shoot and grains (Ranjbar and Bahmaniar, 2007). More 

uptake of Zn results in more yield of crops (Cakmak, 2008). Agricultural sciences have 

positively met the task to feed ever growing population with the main objective to 

increase the production of staple crops such as wheat, rice and maize which only helpful 

to solve the problem of great famine in developing areas in the past. On the other hand 

unluckily the infrastructure of agriculture has never been planned to stimulate human 

health, they have primary objectives to increase profitability and agricultural industries. 

An unexpected result of green revolution is micronutrient malnutrition (Mayer et al., 

2008). 

 In Pakistan, nutrient application has always been limited to nitrogen (N), 

phosphorous (P) and potassium (K). In the alkaline calcareous soils of Pakistan, after N 

and P, Zn is most deficient nutrient (Rashid and Ryan, 2008; Alloway, 2009). In arid and 

semi-arid areas, soils are deficient in Zn due to soil factors (Ashraf et al., 2008; Imran et 

al., 2014). It is well documented that hidden hunger of micronutrients, especially; Zn, Fe, 

I and Se affects half of the world’s population (WHO, 2002). Almost 37% of Pakistani 

population is suffering in Zn malnutrition (UNDP, 2003). Zinc is an important nutrient 

not only for plants, animals and microbes as well (Cakmak, 2008). Overall crop growth, 
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production and maturity depend upon proper Zn availability (Hirschi, 2008). It has also 

role in the stability of biological membranes, photochemical activity of chlorophyll, 

nucleic acids, lipids and protein synthesis and enzymatic activity in plants (Seilsepour, 

2006). Millions of people in the world feeding on cereals like wheat and rice (Shewry, 

2009; FAO, 2012). Wheat is grown on different types of soils and environmental 

conditions. As in Pakistan, soils having more CaCO3 contents and less organic matter, 

high soil pH (Kiekens, 1995) and high soil phosphorous content (Singh et al., 1986),  

wheat crop are facings a lot of problems, important one is micronutrients deficiency 

(United Nations, 2012). Pakistan is a country which produces marginally optimum wheat 

grains to fulfill the national requirements. Due to the basic staple food in Pakistan it is 

necessary to increase the Zn contents in wheat grains for humans. In 2013-2014 the wheat 

crop contributes 2.2 percent in GDP with an area of 9039 thousand hectares and 

production was 25.3 million tons (Pakistan Economic Survey, 2013-2014). After wheat, 

rice is second most important cereal and staple food in Pakistan. It contributes about 0.7 

percent in GDP.  During 2013-2014 rice was grown on area of 2789 thousand hectares 

with 6798 thousand tones production (Pakistan Economic Survey, 2013-2014). On the 

other hand Zinc nutrition is effective for water uptake and transport also decrease the 

adverse effect of heat and salt stress (Marschner, 1997; Kasim, 2007; Disante et al., 2010; 

Peck et al., 2010; Tavallalli et al., 2010), regulates the tryptophan production which is 

precursor of IAA (Alloway et al., 2004; Brennan, 2005). It affects both flower and fruit 

formation and ultimately yield reduces (Sharma et al., 1987; Kobayashi et al., 1998; 

Englbrecht et al., 2004; Ciftci et al., 2008). The optimum grain Zn concentration should 

be 50 ug g-1 of grains dry weight to fulfill human requirements, while the current status is 

20-30 ug g-1 of grains dry weight, by proper fertilization on Zn in cereals 3 folds Zn 

concentration in grains can be enhanced (Cakmak, 2008). 

 By keeping in view the importance of Zn for humans, strategies must be employed 

to increase bioavailability of Zn in soil and its further uptake by cereals. Cereals 

especially wheat and rice suffer from Zn deficiency in Pakistani soils. For this purpose, 

many strategies have been employed including supplementation (nutrients as clinical 

treatment), fortification (add particular nutrient in food items), food 

modification/diversification (cooking and processing of food on nutritional point of view) 

and biofortification which is a process of enhancing the bioavailable nutrient contents in 

the edible portion of crops (Mayer, 2008). It is an economical and sustainable strategy to 

resolve the issue of low Zn content in cereal based foods (FAO/WHO, 2004; White and 
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Broadley, 2005; Stein et al., 2007; Bouis and Welch, 2010). Now the question is that how 

we can increase the concentration of Zn in cereal grains? Since plants are primary 

producers in food chain, for that reason improving the nutrients uptake by plants from the 

soil is an effective approach for animals and humans (Hirschi, 2008). 

 Zinc bio-fortification can be done by various ways such as genotype selection and 

improvement. This can be achieved by using genetic engineering and conventional 

breeding methods. On the other hand, fertilizer management is also an effective approach 

in which soil and foliar application of zinc fertilizers, seed priming, biofertilizers, 

impregnated fertilizers and management of other interacting nutrients are included 

(Mortvedt et al., 1999; Hussain et al., 2010). In the fertilizer management many things 

should be considered like increase the concentration of required element in soil solution 

or reduce the anti-nutrient in soil complex. The plants uptake nutrients from this solution 

system and accumulates in its parts. 

 An innovative and encouraging method for Zn biofortification is the use of plant 

growth promoting rhizobacteria (PGPR) (Imran et al., 2015). In the recent past era, the 

PGPR have received importance in the world for the benefits in agriculture in both under 

greenhouse and field conditions (Arshad et al., 2008). Several bacteria. An innovative and 

encouraging method for Zn biofortification is the use of plant growth promoting 

rhizobacteria (PGPR). In the recent past era, the PGPR have received importance in the 

world for the benefits in agriculture in both under greenhouse and field conditions 

(Arshad et al., 2008). Several bacteria in the rhizosphere, play an important role in plant 

growth and productivity (Yanni et al., 2001) by enhancing the solubility of mineral 

nutrients having less mobility in the soil such as Zn, Fe and Cu (Thompson, 1996). The 

most prominent characteristic of PGPR is the ability to produce plant hormones like 

auxins, abscisic acid, cytokinins and gibberellins (Hirschi et al., 1997; Zahir et al., 2004). 

Bacterially produced auxin increases the growth of adventitious roots and help to enhance 

nutrient uptake and root exudation that ultimately stimulates bacterial proliferation on the 

roots (Lambrecht et al., 2000). PGPR can produce siderophores (Saravanan et al., 2011), 

organic acids for example gluconate, or the derivatives of gluconate such as 2 and 5- 

ketogluconic acid (Fasim et al., 2002; Saravanan et al., 2007; Tariq et al., 2007) for the 

solubilization of Zn. Solubilization of insoluble Zn sources is just due to an increase in 

the H+ concentration of the soil medium produce by organic acids (Fasim et al., 2002). 

All the above mentioned mechanisms help to enhance Zn bioavailability, uptake and its 

absorption in staple/food/cereal crops. The group of PGPR which having the ability to 
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solubilize Zn called zinc solubilizing bacteria (ZSB). Pencillium bilaji, Aspergillus 

(fungi), and Pseudoumonas, Bacillus are well known microorganisms to facilitate ZnO, 

ZnCO3 and ZnS solubilization for plants (Kucey, 1988) 

 The Zn could apply, as coating on macronutrient (mostly on urea). It is an 

effective technique to overcome farmer’s ignorance. It is cost effective strategy because 

timely application can be insure with less or no labor cost. Nitrogen and Zn can be 

applied simultaneously because these two nutrients behave synergistically (Kutman et al., 

2011). In this aspect, the use of plant growth promoting rhizobacteria (PGPR) is 

concerned very effective, when urea impregnated with both Zn and Zn solubilizing 

microorganisms to get maximum benefit. The PGPR have received worldwide 

significance for agricultural benefits as they are the potential tools for sustainable 

agriculture and have shown significant increases in growth and yield (Kennedy, 2005; 

Khalid et al., 2006; Banchio et al., 2008; Mubeen et al., 2008; Naiman et al., 2008). 

 The soil application of Zn is generally recommendation in rice-wheat cropping 

belt. Almost 10 to 25 kg ZnSO4 ha-1 is enough for rice crop (Takkar, 1996). But this is 

costly/ not economical for small farmers. That’s why they skip it which resulting in 

reduced rice and wheat yield. Another reason that discourages the farmers from applying 

Zn is the poor quality of zinc sulfate marketed in developing areas. If we compare the Zn 

sources like ZnSO4 and ZnO for biofortification in cereals, ZnSO4 contains less total Zn 

contents as compare to ZnO but but ZnO is insoluble which can be solubilized by the use 

of PGPR. This process is called bio-activation. This approach becomes more effective 

economically, if coating of this bio-activated ZnO is done on the urea, due to synergistic 

behavior of N and Zn. Maximum benefit with respect to growth, yield, Zn biofortification 

and soil Zn contents in cereals cultivated areas can be achieved by the use of this 

approach. This approach can be effective for fertilizer industry to produce zinc-coated 

urea (also called as zincated urea/ zinc impregnated urea), which would allow farmers to 

apply Zn to rice and wheat along with nitrogen (Shivay et al., 2008). 

 By keeping in mind the Zn malnutrition, soil Zn deficiency and less Zn contents in 

wheat and rice as main staple crops of Pakistan, a research project was planned with the 

following objectives. 

 To find out the growth promoting activities of pre-isolated zinc solubilizing 

bacterial strain (Bacillus sp. AZ6). 

 To evaluate the potential of temporal zinc release in soil from zinc coated, zinc 

blended and bio-activated zinc coated urea  
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 To determine the effect of different levels of Zn blended, Zn coated and bio-

activated Zn coated urea on growth, physiology, yield and quality of rice and 

wheat in control and field conditions  

 To evaluate the effect of Zn impregnated urea to increase grains Zn concentration 

by reducing the antinutrient. 
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CHAPTER 2                                          

REVIEW OF LITERATURE 

 Zinc deficiency in the Pakistani soils is well reported due to unfavorable soil 

factors. The crops which are grown on such soils are also Zn deficient. Humans fulfill 

their daily caloric intake from cereals such as wheat, rice and maize, as the other crops 

cereals grown on these soils also Zn deficient. Zinc biofortification is a key area of 

interest for many scientists in the whole world because they consider that Zn 

biofortification is a feasible solution of this problem. Biofortification of Zn can be done 

by various ways but our focus is on fertilizer management. Different Zn fertilizers are 

used but now the novel approach is coating of Zn on urea. For this purpose cheaper 

source of Zn e.g. ZnO is preferable due to 80% Zn in it. Zinc contents become solubilize 

by the bio-activation of ZnO. Bio-activated ZnO coated urea gives dual benefits because 

in this way N and Zn application is done side by side as compare to the application of 

urea and Zn separately. Growth yield and grain Zn concentration also improves by this 

approach. The bio-activation process was achieved by the use of PGPR that are ZSB due 

to some direct and indirect mechanisms. In this chapter, the importance of zinc with 

reference to Zn solubilization and biofortification with Zn coated urea and the ability of 

bio-activated Zn coated urea to improve plant growth have been reviewed. 

 

2.1. Zinc and food security 

 The inadequate supply of food to the poor community of ever increasing 

population of the developing world is a much highlighted issue. This situation has 

increased the pressure to produce more and agriculture have successfully met the 

challenge of feeding this ever growing population with a major focus on staple crops such 

as rice, wheat and maize which assist to overcome great food shortage in the past era 

especially in poor countries. On the other hand natural resources used to supply food are 

constant (United Nations, 2012). But unluckily agriculture system has not been planned 

with objective to support human health, food/nutrition security instead it has certain other 

aims e.g. farmers profitability (Mayer et al., 2008). It is a well-established fact that 

hidden hunger of micronutrients for example Fe, Zn, I and Se affect half of the world’s 

population (WHO, 2002). Food quality is too much poor as most of the diet used is 

micronutrient deficient (Huang et al., 2002).  
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 According to the report of WHO (2002), hidden hunger with respect to 

micronutrients, especially, Zn, Fe, I and Se affect half of the world population. In 

Pakistan 37% of population is suffering from zinc malnutrition (WHO, 2002; UNDP, 

2003; White and Broadley, 2005). In these areas, Zn deficiency is fifth largest cause of 

deaths and disorders. According to WHO, 2.7 billion people (one-third of world’s 

population) are suffering from severe Zn deficiency. Its deficiency is responsible for 16% 

of respiratory disorders, 10% of diarrhea and 18% malaria with 800,000 deaths annually 

in poor world. Its deficiency also affects the immune system, normal reproductive system 

and normal cell growth and causes skin disorders and cancer (WHO, 2012). The main 

cause of Zn deficiency is the cereal based food which is deficient in Zn. 

 Zinc makes 0.02% of the earth crust by weight with the average concentration of 

70 µg g-1 (Thomos, 1991; Welz and Sperling, 1999). It releases into the soil by various 

ways but mostly by anthropogenic activities (Sandstead and Au, 2005), mostly deficient 

element in soil due to its low mobility (ATSDR, 2005). The critical range of Zn in soil is 

0.6-1.0 mg kg-1 (DTPA-extractable), whereas in plants it ranged as 10-20 mg kg-1 of dry 

weight (Katyal and Rattan, 2003). These limits may vary with soil type and crop 

cultivation. The critical range of DTPA extractable Zn for rice is 0.8 mg kg-1 (Kumar et 

al., 2009). According to review, below critical level Zn deficiency occurs in plants 

(Hamza, 1998).  

 Plants acts as a main point of entry for elements (Zn) into the food chain 

(Rouached, 2013). Zinc is an essential micronutrient for various functions in plant life 

cycle (McCall et al., 2000; Hirschi, 2008; Hafeez et al., 2013). It plays a vital role in 

plant nutrition: zinc metal acts as co-factor in all six classes of enzymes (e.g. 

oxidoreductase, transferases, hydrolases, lyases, isomerases and ligases) (Tapiero and 

Tew, 2003). Its importance in metabolic processes, oxidative reactions, structural and 

catalytic activities, biomembranes stability, DNA replication, protein synthesis and 

energy transfer reactions cannot be ignored in plants (Alloway, 2008; Hajiboland and 

Amirazad, 2010; Broadley et al., 2012; Gurmani et al., 2012). It is required for 

hydrogenase, carbonic anhydrase, Cu/Zn super oxide dismutase (SOD) and RNA 

polymerase activity, ribosomal stability and cytochrome synthesis (Tisdale et al., 1984; 

McCall et al., 2000). It regulates auxin synthesis, pollen formation and responsible for 

gene expiation (expression) and antioxidants within plant tissues (Cakmak et al., 2000; 

Luo et al., 2010). Zn deficiency decreases photosynthetic rate, produce small leaves with 

http://www.sciencedirect.com/science/article/pii/S0733521013001495#bib79
http://www.sciencedirect.com/science/article/pii/S0733521013001495#bib80
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chlorosis and sterility of spikes in wheat: The overall output decreases and fungal 

infections increases (Marschner et al., 1995; Cakmak et al., 2000).  

 Zinc nutrition is effective for water uptake and transport also decrease the adverse 

effect of heat and salt stress (Marschner, 1997; Kasim, 2007; Disante et al., 2010; Peck et 

al., 2010; Tavallalli et al., 2010), regulates the tryptophan production which is precursor 

of IAA (Alloway et al., 2004; Brennan, 2005). It affects both flower and fruit formation 

and ultimately yield reduces (Sharma et al., 1987; Kobayashi et al., 1998; Englbrecht et 

al., 2004; Ciftci et al., 2008). The optimum grain Zn concentration should be 50 ug g-1 of 

grains dry weight to fulfill human requirements, while the current status is 20-30 ug g-1 of 

grains dry weight, by proper fertilization on Zn in cereals 3 folds Zn concentration in 

grains can be enhanced (Cakmak, 2008). It is well documented that its application to 

wheat increases Zn concentration in grains (Han et al., 2006; Ranjbar and and Bahmaniar, 

2007; Waters et al., 2009). 

 Zinc is an essential micronutrient for the normal growth of human beings (Calder 

and Jackson, 2000; McCall et al., 2000; Brown et al., 2001; Hafeez et al., 2013). The 

requirement of Zn for humans depends on age and gender. Compared to adults, infants, 

children, adolescents, pregnant, and lactating women have higher requirements for Zn and 

thus, are at increased risk of Zn depletion (Reeves et al., 2008). It is essential for 

functioning of immune cells, development of reproductive, gastrointestinal and central 

nervous system and skeletal organs (Ho, 2004; Reeves et al., 2008).  

 It is important for enzymes of all six classes as well as transcription and 

replication factors (Hirschi et al., 1997). Zinc in proteins can either participate directly in 

chemical catalysis or be important for maintaining protein structure and stability (McCall 

et al., 2000). Zinc is critically involved in metabolic homeostasis of the human body. 

Strong evidence indicates the presence of a number of Zn-containing proteins directly 

influence gene expression (Welch, 2001). Zinc deficiency increases the chances of 

occurrence of infectious diseases (diarrhea, pneumonia and malaria) in children (Black, 

2008). It has been documented that Zn deficiency is responsible for 16% of respiratory 

disorders, 10% of diarrhea and 18% malaria with 800,000 deaths annually in poor world. 

Its deficiency also affects the immune system, normal reproductive system and normal 

cell growth and causes skin disorders and cancer (WHO, 2012). Due to its deficiency, 

humans are suffering from skin problems, hair and memory loss (Lukaski, 2004). 

Moreover, 86% of skeletan consists of Zn; its concentration is relatively high in pancreas, 

kidney cortex and hippocampus (Vallee and Falchuk, 1981). 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Roohani%20N%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Roohani%20N%5Bauth%5D
http://jn.nutrition.org/search?author1=Keith+A.+McCall&sortspec=date&submit=Submit
http://www.sciencedirect.com/science/article/pii/S0733521013001495#bib80
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 Food insecurity with respect to micronutrients is a global issue (IELRC, 2010).  

Upto 2007, the total number of starving people in the whole world was 75 million 

because of increasing foodstuff prices (FAO, 2008). In 2010, The hungry people 

increased upto 963 million (Ruane, 2010). Access to adequate, safe and nutritious 

foodstuffs necessary for a healthy, prosperous and active life by all people at all times is 

inadequate resulting in micronutrient deficiency including Zn food insecurity. The 

quantity and quality of food available for consumption to people determine their 

micronutrient security level. Inadequate quantity and quality of food available for 

consumption are causative agents to micronutrient deficiencies or micronutrient 

insecurity (Prasad, 2010). 

 

Fig.  2.1. World soil zinc deficiency (Alloway, 2008) 

Table 2.1. World’s mortality rate in the children of 5 years old annually.  

Deficiency Deaths 

Vitamin A 666,771 

Zinc 453,207 

Iron 20,854 

Iodine 3,619 

 

2.2.  Fate of applied Zn in soil 

 In Pakistan 70% of agriculture soils are Zn deficient (Hamid and Ahmad, 2001; 

Kauser et al., 2001). Zinc deficiency is frequent in calcareous, neutral, peat, saline sodic, 

intensively harvested and highly weathered soils (Alloway, 2008). Its occurrence in soil is 
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mostly as ZnS, and less frequent Zn mineral ores such as zincite (ZnO), zinkosite 

(ZnSO4), smithsonite (ZnCO3), hopeite [Zn3(PO4)2.4H2O], franklinite (ZnFe2O4), zinc 

availability form these sources depends upon atmospheric condition such as surface dust, 

volcanoes and weathering of parent rocks (Alloway, 1995; International Zinc association, 

2011).  

 Zn uptake from rhizosphere is first step to its accumulation into plants (Giehl et 

al., 2009). Roots uptake Zn as Zn2+ which is integral part of mineral and organic 

fertilizers (Oliveira and Nascimento, 2006). Soils factors are responsible its availability to 

plants, due to its severe deficiency in soils the applied Zn readily absorb on the exchange 

sites (Havlin et al., 2005; Broadley et al., 2007). The remaining applied Zn utilized by 

soil micro biota and very lesser amount is available to plants (Alloway, 2008). The crops 

grown on such soils are mostly Zn deficient (Gupta, 2005). 

 

2.3.  Factors effecting zinc bioavailability  

 Low bioavailability of Zn in soils, poor plant capability to assimilate soil Zn into 

grain, high grain phytate content and milling process of gains are considered major 

reasons of Zn deficiency in human beings. Despite having fair quantity of Zn in soil, its 

bioavailable fraction in soil is very low due to various soil factors (Alloway, 2009). Zinc 

is the most deficient micronutrient in alkaline calcareous soils after nitrogen and 

phosphorous (Rashid and Ryan, 2008; Alloway, 2009). In arid and semi-arid areas, soils 

are deficient in Zn due to high CaCO3 and less organic matter content (Ashraf et al., 

2008; Imran et al., 2014).  

 The other reasons of low Zn content in soils are low Zn in parent material 

(Kochian, 2000; Di et al., 2003; Hussain et al., 2010), high soil pH (kiekens, 1995; Cox 

and Kamprath, 1972; Yoo and James, 2002; Alloway, 2004), high soil phosphorous 

content (Sing et al., 1986; Neue and Lantin, 1994; Alloway, 2008), high salt 

concentration (Kausar et al., 1976), water logging (Mandal et al., 1986; Pendias et al., 

1992; Johnson-Beebout et al., 2009), low manure application (Marschner, 1993; Kiekens, 

1995; Yoo and James, 2002; Obrador et al., 2003; Cakmak, 2009) and fixation in soil 

matrix (Zia et al., 1999; Zhao and Selim, 2010). About 50% of the agricultural soils in 

China have been affected by zinc shortage, while in India zinc-deficient soils have 

engaged nearly 50% of the agricultural part, and the same is the situation in Turkey 

(FAO, 2002).  
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 Deficiency of Zn in soil results in low Zn uptake by plants and ultimately the 

grain Zn concentration. Along with the soil factors, plants also vary in their abilities to 

uptake Zn from soil, translocate and assimilate it into grains. Wheat, rice and maize are 

the major sources of daily calorie intake in under develop countries including Pakistan 

(Mandal et al., 1988; Alloway, 2008), which are deficient in Zn contents. The much 

reliance on such foods is considered a main cause of Zn deficiency in humans.  

 Zinc bioavailability to humans for absorption can be increased either by 

increasing the required element in the cereal grains or decreasing the phytate (anti-

nutrient) (Frossad et al., 2000; Bouis and Welch, 2010). In human’s intestine the phytate 

makes complexes with Zn and in this way Zn becomes unavailable or less absorb in 

human body (Brown et al., 2001). Different models are purposed to estimate Zn 

absorption in human body, Trivariate model is the most popular (Miller et al., 2007) e.g. 

TAZ = 0.5. (Amax + TDZ +KR. (1+TDP/KP)- √Amax + TDZ+ KR.(1+TDP/KP))2 -4. Amax+ 

TDZ)  

 Where: Amax (maximum absorption), TDZ (total daily absorbed Zn mg Zn day-1), 

KR (equilibrium dissociation constant of Zn-binder reaction), TDP (total daily Phytate in 

diet mmol phytate day-1), KP (equilibrium dissociation constant of Zn-phytate binding 

reactions). The values of Amax, Kp and KR are 0.091, 0.033 and 0.068, respectively 

(Hambidge et al., 2010). This is an effective model to predict daily absorbed Zn 

quantitatively (Rosado et al., 2009). The Phytate to Zinc ratio should be less than 15 

(Brown et al., 2001). 

 Milling process of cereal grains also results in the loss of a significant quantity of 

grain Zn. During milling process, bran is removed which contains highest Zn content 

(Liang et al., 2008; Slavin et al., 2000). The remaining portion of grain contains less 

quantity of Zn. (Dewettinck et al., 2008). Approximately 80-85% of carbohydrates and 

minerals are present in endosperm portion of seed with low concentration of Zn (Peng et 

al., 2010). 
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Fig. 2.2.  Anatomy of wheat grain (Encyclopedia Britannica, 2012) 

 Marginal deficiency of zinc now has been acknowledged in many groups of 

population in developed as well as industrialized countries. There are different factors 

which cause deficiency in zinc status such as inadequate intake of zinc in daily diet and 

inhibitors which are responsible for decrease in zinc absorption. These two factors are the 

most common factors for zinc deficiency in people. Various staple foods used in 

unindustrialized countries such as corn, vegetables and cereals are regarded as noble zinc 

sources (Gibson et al., 1998). So, it is necessary to recognize and assess the factors which 

affect absorption of zinc. Considering such knowledge, good advice could be given in 

order to avoid such components which have inhibitory actions on zinc absorption, more 

over selection of minerals and food components which enhance and stimulate the zinc 

absorption. Furthermore, inhibitors of zinc of absorption can be minimized in processing 

of agricultural products which are used as our food in daily life. 

 

2.3.1. Zinc uptake  

 Absorption of Zn also affected by the amount of Zn in soil (Menard and Cousins, 

2001). With increasing levels of zinc in a soil decreases the zinc absorption (%) slightly. 

So, it refers higher Zn doses reduce fractional Zn absorption because of saturation in 

transport mechanisms of Zn. Zinc absorption can be a specific, nonspecific, saturable, 

carrier-mediated and diffusion mediated (Steel and Cousins, 2001). In many experiments 

capacity of Zn absorption by saturable transport mechanism has been observed. 
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2.3.2. Phytate and fibers 

 Many studies indicated the inhibitory impact of phytate on Zn absorption (Vohra 

and Kratzer, 1999), because phosphate groups of inositol hexaphosphate forms insoluble 

and strong complexes with cations like Zn+2 and making it unavailable, hence uptake is 

restricted. In Middle East areas, deficiency of Zn in people suggested that phytate affect 

the Zn status in humans (Halsted et al., 2004), and later studies also confirmed the phytate 

as inhibitor of Zn absorption in human. Most staple foods of the world comprise phytate 

such as corn, rice, legumes and cereals. It is clear that both Fe and Zn status may be 

compromised in major portions of human population. Often fiber is considered with its 

negative influence on zinc absorption. But actually it is due to presence of phytate in fibre 

foods. Less absorption of zinc is reported from fiber rich foods (Knudsen et al., 1996), 

but phytate was also present in the diet which plays its inhibitory role in Zn uptake. Fiber 

has little influence on Zn absorption in wheat and reduction or removal of phytate from 

wheat can be a useful strategy to increase the zinc absorption (Navert et al. 2005). Studies 

focusing on sequestered fiber components like α-cellulose (Turnlund et al. 1992) indicate 

no major inhibitory influence on Zn absorption. So it will be unbelievable to say that food 

containing fibers leave any negative impact on Zn nutrition status of humans. 

 

2.4.  Strategies to overcome the Zn deficiency 

 Various strategies have been employed including supplementation (nutrients as 

clinical treatment), fortification (add particular nutrient in food items), food 

modification/diversification (cooking and processing of food on nutritional point of view) 

and biofortification which is a process of enhancing the bioavailable nutrient contents in 

the edible portion of crops (Mayer, 2008). Zinc contents in cereal grain can be improved 

through breeding crop varieties, which uptake and assimilated more Zn in grain and 

through supply of Zn. Since plants are primary producers in food chain, for that reason 

improving the nutrients uptake by plants from the soil will be effective for animals and 

humans (Hirschi, 2008).  

 Zinc biofortification can be done by various ways such as genotype selection and 

improvement. This can be achieved by using genetic engineering and conventional 

breeding methods. Although plant breeding and genetics are helpful to obtain crop 

varieties which can efficiently utilize micronutrients from soil, but it is expensive and 

time consuming strategy. Furthermore, it depends on bioavailable contents in soil. 

Increase Zn contents through fertilizers is a short term solution (Rengel et al., 1999; 
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Cakmak, 2008). Under such circumstances, biofortification through fertilizers is an 

attractive way to improve Zn in grain (Rafique et al., 2006). The detail about some 

strategies of bio fortification to overcome Zn concentration in crops is as follows. 

 

2.4.1. Genetic approaches 

 The major objective of genetic biofortification is the development of new varieties 

with more potential to uptake more Zn contents. This aim can be achieved by 

conventional breeding and genetic engineering techniques. 

 

2.4.1.1. Breeding practices 

 To produce desire characteristics in crop, altering of genetics are required known 

as plant breeding. Plant breeding and genetics are very main approaches in plant 

biofortification. Genetic approaches are considered very powerful to accumulate the 

micronutrients in food crops. Agronomists are paying attention on crop yields only 

without taking care of nutritional status in crops (Khoshgoftarmanesh et al., 2009). It is 

concluded from the previous literature that the increase in crop yield ultimately associated 

with reduction in micronutrient concentration in grains. It is mentioned that low yielding 

verities have more potential to accumulate micronutrients as compare to high yielding 

verities (Monasterio and Graham, 2000; White and Broadley, 2005). 

 It is an important point that the enrichment of zinc contents in plant tissues is just 

the result of less growth and poor yields (White and Broadley, 2011; Zhao and McGrath, 

2009). The success achieved in the development of high Zn accumulative varieties is 

admirable (Pfeiffer and Mcclafferty, 2007; Bouis and Welch, 2010). Many problems are 

associated with this approach like Cd can be translocate to the plants in the same 

mechanism (Intawongse and Dean, 2006) its mobility is comparatively high with respect 

to the other heavy metals (Reeves and Chaney, 2008). Furthermore the proteins belong to 

ZIP family (metal transporter in plants) transport Cd to plants (Yang et al., 2009; Assunc 

et al., 2010), which is the main problem and difficulty in breeding programs. The other 

serious issue with this strategy is instability of newly incorporated Zn character in the 

genotypes (Welch and Graham, 2004). Zinc translocation in wheat grains affected by 

many factors such as climate and genotype interaction (Gomez et al., 2010; Zhang et al., 

2010). On the other hand it takes a lot of years to develop a new variety (Monasterio et 

al., 2007). 
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2.4.1.2.  Transgenic approach 

 We cannot ignore the transgenic approaches in the development of biofortified 

varieties. Many transgenic crops have been produced uptill now having better 

concentration of Zn in grains. The expression of ZIP family such as bZIP19 and bZIP23 

(transcription factors) are used to increase the Zn contents in cereals grains (Assunc et al., 

2010). Various transport proteins present in of cell membrane are the targets for zinc 

contents in the different parts of plants. These transport proteins are responsible to uptake 

and accumulation of zinc in the vacuole together with enzymes concentration. Gene 

Overexpression encoding a transport protein of root can particularly enhance the Zn2+ 

uptake in the rhizosphere (Gustin et al., 2009), for example wheat grain zinc contents can 

be enhanced by the overexpression of rned in the synthesis of substances that bind Zn2+ in 

the rhizosphere NAC transcription factor (NAM-B1) (Uauy et al., 2006). 

 

2.4.1.3.  Agronomic practices 

 It has been analyzed that the agronomic approaches in the perspectives of either 

health or in sustainable agriculture are not ignorable; the Zn contents can easily enhanced 

in cereal grains by using these approaches. In the previous studies, the benefits of 

agronomic biofortification are described with respect to economics and health benefits 

(White and Broadley, 2011). Zn fertilization is considered as short term and easy remedy 

of Zn deficiency (Cakmak, 2008). Various varieties have different capacity to accumulate 

Zn in plants. Different fertilizers e.g. zinc sulfate (ZnSO4) have potential to increase 

growth and yield of crops, it also increase Zn concentration in grains (White and 

Broadley, 2005). Zn application either by soil or foliarly applied to crops significantly 

increases crop vigor (Cakmak, 2008; Zhao et al., 2009).  

 Zn application to soils also reduce the concentration the anti-nutrient e.g. phytic 

acid in case of Zn. (Cakmak et al., 2010). In the most of soils soluble Zn is very low 

(Knight et al., 1997). So, solution is the use of chelators (synthetic) e.g., (EDTA) 

ethylenediaminetetraacetate (Sahi et al., 2002). In less fertile soils, the application of  

NPK is very necessary to obtain proper growth and yield of the crops, with the 

application of these macronutrients root length also enhanced and support to uptake the 

micronutrients. Zinc availability of applied fertilizer in soil also depends on soil pH e.g., 

NH4
+ application to soil results in acidification of soil (rhizosphere) which enhances the 

transfer of Zn from the soil to the plants, whereas NO3 application causes more alkalinity 

to the soil and reduces Zn transfer rate (Hartikainen, 2005).  
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 Zn containing fertilizers application seems to be a possible and efficient solution 

of Zn deficient soils, due to lack of resources especially in poor countries. On the other 

hand, it is well documented that various synthetic chelators are very costly (Kos and 

Lestan, 2003). Due to heavy metals plant growth becomes restricted. But the continuous 

use of synthetic fertilizers in agriculture has escalated the expenses of production and 

damaged environments of soil, water, and air. There is need of the hour to develop Zn 

application methods in to take effective results. 

 

2.4.2. Bio-fortification 

 Micronutrients are vital for most living organisms, including humans who need a 

supply of 16 mineral microelements, which can be supplied through a balanced diet (Borg 

et al., 2009). In the early 1960s, Zn deficiency in the human body was first speculated 

with considerable supportive evidence (Prasad, 2008). Now-a- days, nearly two billion 

people in the developing world are suffering from Zn deficiency. Soil Zn deficiency is 

among the major global micronutrient deficiencies and has recently received more and 

more attention. 

 Past efforts on agriculture production have primarily been focused on increasing 

crop yields; however, the accompanying decrease of mineral concentrations in grains was 

found as a new problem threatening the development of crop yields and even the food 

security. The ultimate goal of modern agriculture has been modified to produce nutritious 

foods sufficiently and sustainably (Zhao and Mcgrath, 2009). The contents of nutrients in 

the edible parts of staple food crops, e.g. maize, rice, wheat, barley, contribute to the main 

mineral intake of people in the developing countries. Therefore, increasing concentrations 

of mineral elements, like Zn, Fe, in staple food crops is the most effective approach for 

public health to control malnutrition in Zn deficiency areas. 

 In this context, biofortification by microorganisms as bio-inoculants to enhance 

the native zinc availability to crop accumulation and achieve the objective of low input 

and sustainable agriculture to overcome zinc deficiency in humans could be a viable 

option (Mader et al., 2010). Microbes having zinc solublizing activity include both 

bacteria and fungi. It is considered that strains belonging to the genera Bacillus, 

Gluconacetobacter, Azotobacter, Azospirillum and Pseudomonas have been reported as 

zinc solubilizers (Saravanan et al., 2007). Fungal strains having zinc solubilizing activity 

are ArbuscularMycorrhizae and Trichoderma have been investigated (Paul and Clark, 

1989). 
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2.4.2.1.  Biofortification through mineral fertilizers 

 Mineral Zn is supplied to plants either by soil application, foliar spray or seed 

priming. Method of fertilizer application affects the overall yield and Zn concentration in 

grains of cereals (Cakmak et al., 2010). 

 

2.4.2.2.  Soil application of ZnSO4  

 Soil application of mineral fertilizer is one of the oldest ways to supply nutrients 

to growing plants (Rengel et al., 1999). Yilmaz et al., 1997 observed that soil application 

of Zn fertilizers increased 280% Zn content of wheat grains compared to control. Zinc 

application in soil helps in increasing Zn contents in cereals up to 28% (Cakmak et al., 

2010); while in rice this trend can be up to 184% (Rehman et al., 2002). Soil applications 

with other amendments such as (organic matter, sewage sludge and gypsum etc.) is an 

effective way to increase grain Zn contents (Ascher et al., 1994). According to a group of 

scientist 2-3 folds grain Zn concentration can be increased by soil application only 

(Graham et al., 1992; Singh, 1992). Soil type also influences the extent of Zn 

concentration in root, shoot and grains of cereals, ZnSO4 is mostly used as soil Zn 

fertilizer (Rengel and Graham, 1995).  
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Table. 2.2. Effect of method of Zn fertilizers application on grain Zn contents 

Fertilizer strategy Crop Increase in 

Zn contents 

with respect 

to control 

(%) 

Reference 

 Soil Application Rice 183.3 (Rehman et al. 2002) 

Soil Application Wheat 260 Yilmaz et al., 1997 

Foliar application Common 

beans 

8.3 (Tolay and Gulmezoglu, 

2004) 

Bioinoculation 

(consortia: more than 2 

PGPR) 

Rice 156.5 (Tariq et al., 2007) 

Bioinoculation of 

Azospirillum sp. Strain 

21 

Maize 107 (Biari et al., 2008) 

Zn-EDTA Rice 74.20 (Naiq et al., 2008) 

Foliar application Wheat 51.01 (Zhao et al., 2009) 

Soil applied ZnSO4 Durum wheat 27.33 (Cakmak et al., 2010) 

Foliar application of 

ZnSO4 

Chick pea 56.5 (Pathak et al., 2012) 

2% Zn coating on urea 

by ZnSO4 

Rice 7.21 (Yadav et al., 2012) 

ZnSO4 Soil applied  Irarian rice 14.38 (Yadi et al., 2012) 

PGPR inoculation Soyabean 15 (Ramesh et al., 2014) 

Zn coated urea (2.83 kg 

Zn ha-1) 

Rice 19 (Shivay et al., 2015) 
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2.4.2.3. Foliar application of ZnSO4 

 Plants can absorb soluble compounds through leaves (Kannan, 1990). Due to poor 

bioavailability of micronutrients in soil, foliar application is preferred over soil 

application (Ferrendon and Channel, 1988). One most popular agriculture/agronomic 

strategy to enhance these micronutrients in cereals grain are micronutrient fertilizers 

(Graham et al., 2007). Foliar Zn application is more effective as compare to soil applied 

Zn to increase grain Zn contents of cereals, Whole grain Zn concentration including 

endosperm could be increased by this (Cakmak et al., 2010; Zhang et al., 2010). Almost 

50-60% grain zinc concentration can increase by foliar application (Zhao et al., 2009) and 

2-3 folds by soil application depending upon crop (Rashid and Fox, 1992; Moraghan, 

1994). 

 

2.4.2.4.  Combined application of Zn through Soil and Foliar spray 

 When the high grain yield is objective with high grain Zn concentration then 

combined form of Zn application (as soil and plant) is preferred (Haslett et al., 2001). 

Maximum grain Zn obtained when Zn fertilizers are applied in the late growth stages of 

crop, optimization of foliar or soil applied Zn fertilizer with respect to dose, time and 

stage of crop is also effective in this regard (Ozturk et al., 2006). Highest Zn 

concentration is obtained at milking stage of wheat, because at milking stage grains have 

more Zn concentration (Promeranz et al., 1988).  

 Foliar application increases grain Zn concentration 3 folds, on the other hand 

ZnSO4 is consider best source of Zn as compare to other sources (www.harvestzinc.org). 

Addition of Zn instead of increasing grain Zn contents also provide seedling vigor and 

seed viability, High grain Zn concentration also provide strong root growth and protection 

against soil borne diseases (Cakmak, 2012). Some scientists prefer ZnSO4 application 

along with herbicides, fungicides and insecticides to achieve this purpose as compare to 

ZnSO4 alone, on the other hand this technique also reduces extra time and cost (Cakmak 

and Ortiz-Monasterio, unpublished results). The maximum wheat grain Zn concentration 

was obtained by Ismail and his coworkers in 2010 when 21 kg ha-1 ZnSO4 was applied as 

soil and foliar application. 

 

 

 

 

http://www.harvestzinc.org/
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2.4.2.5. Combined application of organic and inorganic fertilizers 

 Organic manures like poultry manure, farm yard manure and sewage sludge have 

complexes of micronutrients like Zn, Fe and Cu, and quite effective to solve the problem 

their deficiency in alkaline calcareous soils. The use of Zn amended poultry manure is 

effective in case of dry weight, on the other hand Zn uptake by maize was also 

significantly high in those treatments where Zn amended poultry manure was applied as 

compared to ZnSO4 alone (Singh et al., 1979). The coating of Zn on small size compost 

particles (almost 2 mm) is very effective and useful, Chicken manure improves water 

holding capacity of soil, aeration, soil structure and drainage (Cooke, 1980) besides 

containing high amount of macronutrients it also contains micronutrients e. g. Zn, Cu and 

Fe (Singh et al., 1980; Adediran  et al., 1996).  

 It is well documented that the combined use of organic and inorganic fertilizers is 

effective to enhance required element in grains (Agboola et al., 1982). Zn uptake by 

plants improves with the application of ZnSO4 with manure application (Akinrinde et al., 

2006). Moreover, organic amendments, improves soil physical, chemical and biological 

properties (Tolay and Gulmezoglu, 2004), microbial and enzymatic activates 

(Blagodatsky and Richter, 1998; Liang et al., 2003) and it is an indicator of good soil 

health and fertility. According to previous studies, the application of FYM, Olive husk 

and compost is profitable with respect to Zn uptake from soil to plants (Leita et al., 1999; 

Clemente et al., 2007). No doubt, Organic amendments is an effective strategy to increase 

all nutrients in soil and plants including Zn, but nature, type and source of organic matter 

also have effect in nutrients concentration because sometimes these materials have more 

heavy metals as compare to essential nutrients (Tlustos et al., 2000). 

 

2.4.2.6. Zinc solubilizers 

  The naturally occurring micro flora/fauna play unique role in the 

solubility/availability of most of the nutrients including Zn. The specific groups of 

microbes which play their role in Zn solubilization are called Zn solubilizers (Chen et al., 

2003). These microbes have substantial potential to solubilize Zn in soil and make it 

available for plants (Tariq et al., 2007; Subramanian et al., 2009). The role of microbes 

under drought, saline and toxic soil conditions is also well documented (Lucky et al., 

2004; Khalid et al., 2009), on the other hand they play their role in the production of 

enzymes, phytohormones and acts as anti-pathogen also (Glick and Bashan, 1997). These 
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microbes can enhance Zn availability to plants either through reduce soil pH, improve 

root growth or by Zn chelation (Burkert and Robson, 1994; Whiting et al., 2001). 

 The availability of Zn is very responsive to soil pH. Its availability decreases 100 

folds for each degree increase in soil pH (Havlin et al., 2005). So, in Pakistan or the areas 

where pH is high and Zn bioavailability is a well-known problem either indigenous 

microbes or bioaugmantation (addition of Zn-solubalizers in soil rhizosphere) can solve 

this problem (Biari et al., 2008), because they produce organic acids to reduce soil pH 

and enhance Zn bioavailability (Saravanan et al., 2004; Subramanian et al., 2009 ). The 

microbes can produce some organic molecules which binds with metallic ions e.g. Fe, Zn 

and enhance their availability to plants called chelation (Tarkalson et al., 1998). Some 

scientists use fungi for this purpose they concluded that Mycorrhizal fungi make 

association with the roots of higher plants and change root architecture to increase 

nutrients uptake (Jansa et al., 2003; Tariq et al., 2007). 

 Several studies indicated that bacterial and fungal inoculation in soil can 

positively increase Zn uptake by plants (Tariq et al., 2007). Pencillium bilaji, Aspergillus 

(fungi), and Pseudoumonas, Bacillus (Bacteria) are well known microorganisms to 

facilitate ZnO, ZnCO3 and ZnS Solubilization for plants (Kucey, 1988; Sayer et al., 1995; 

Saravanan et al., 2007). 

 

2.4.2.6.1. Mechanism of zinc solubilization 

 The group of bacteria in association with roots as well as present in rhizosphere on 

root and have potential to play their role in sustainable agriculture (Maheshwari et al., 

2012). Despite of Zn PGPR have potential to solubilize some other nutrients such as 

phosphorous, iron, potassium and silicates and make them available to plants (Saravanan 

et al., 2011). In soils about 90% of Zn is present in insoluble form and not available to 

plants. Metals salts solubilization is an important function performed by PGPR. Normally 

PGPR mobilize the nutrients through the release of organic acids, acidification, and 

chelation and by exchange reactions (Chung et al., 2005). It is found that PGPR possibly 

produce siderophores (Saravanan et al., 2011), gluconate, or the derivatives of gluconic 

acids, e.g., 2 and 5 ketogluconic acid (Fasim et al., 2002; Saravanan et al., 2007), and 

various other organic acids (Tariq et al., 2007) for the mobilization of Zn and Fe. The 

exact mechanism due to which plant growth promote by PGPR is still unknown. 

 In various parts of the world, the use of PGPR is becoming popular. It is a major 

strategy to counteract the rapid decline in environment quality is to develop sustainable 
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agriculture. This demands continuous advances in biological productivity, achieved in an 

ecologically sustainable manner. So the use of PGPR to enhance plant growth and crop 

yield is predicted to become an emerging trend in contemporary agriculture in the near 

future.  

 

2.4.2.6.2. Phytosidrophore release in rhizosohere 

 Genotypical differences in Zn efficiency might also be attributed to differences in 

release of phytosiderophores from roots. Phytosiderophores release from plant roots is a 

famous phenomenon occurring under Fe and Zn deficiency (Cakmak et al., 2001; Zhang 

et al., 2010) and is involved in solubilization of Zn both in the rhizosphere and from the 

root cell walls (Zhang et al., 1991). Under Fe deficiency, the release rate of 

phytosiderophores was closely associated with the differences in sensitivity to Fe 

deficiency among and within cereal species (Takagi et al., 1984; Jolley and Brown, 

2009). Similarly, it was shown in various studies that differences in Zn deficiency 

between different crops were related to the differences in release rate of 

phytosiderophores, predominantly deoxymugineic acid.  

 Under Zn deficiency, roots of Zn efficient plant released and contained larger 

amounts of the deoxymugineic acid compared to control. Also adaptation of several crops 

to severely Zn deficient calcareous soils was found to be related with enhanced release of 

phytosiderophores from roots Phytosiderophores are considered effective Zn mobilizers 

(Zhang et al., 1991) where a considerable proportion of total Zn in plants is located. 

Possibly, Zn can also be translocated within plants as phytosiderophore complexes to 

sites having high demand for Zn (Welch, 1995). 

 The Zn homeostasis system consist of Zn uptake, transport, trafficking and 

acquistion, supplying of sufficient quantity of zinc to all type of cells, under different 

environmental conditions and at all stages of development (Clemns, 2001). While Zn is 

considered as a vital nutrient but its excess can be toxic. Therefore, plants have different 

mechanisms to regulate zinc requirement using a tightly regulated network where zinc 

transporters through coordinated expression, plays a key role in zinc acquisition from soil 

to plants, its mobilization between tissues and organs and its intracellular acquisition 

(Clemns et al., 2002). 

 It is commonly assumed that across the root to the xylem, Zn is transported 

symplastically, although a little fraction may traverse the root and reachvia the apoplast to 

the xylem (Broadley et al., 2007). Zinc as Zn2+ or as a Zn-phytosiderophore complex, can 

http://www.sciencedirect.com/science/article/pii/S0378429098001397#BIB53
http://www.sciencedirect.com/science/article/pii/S0378429098001397#BIB47
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be taken up across the plasma membrane of root cells (Ismail et al., 2007). Although 

some Ca2+ channels in plasma membrane are also permeable to Zn2+ (White et al., 2002) 

but it is considered that most Zn2+ entry to the cytoplasm is mediated by ZIPs (Assuncao 

et al., 2010), and the uptake of Zn-phytosiderophore complexes is catalysed by YSL 

proteins in most of strategy II plants (Suzuki et al., 2006). The cytoplasm of cell contains 

proteins which binds the Zn normally low Zn concentration present in cytoplasm 

(Broadley et al., 2007).  

 Generally, at low pH in the soil solution, Zn can be absorbed via roots primarily 

as Zn2+. Zn is transported either symplastically or apoplastically after being taken up 

through root cells (White et al., 2002; Broadley et al., 2007). Zinc uptake by plants from 

soil to plant roots is proposed to be driven by the negative electrical potential in plasma 

membrane and mediated by the complicated metal transport systems on the plasma 

membrane of root cell. The availability of Zn in the soil to plant, rhizospheric process, 

and cell membranes transport are thought to be the important biological processes 

controlling Zn uptake.  

 The availability of Zn in soil is controlled by the factors that affect the amount of 

exchangeable zinc in soil solution or its sorption and desorption into the soil solution. 

These factors usually include: the total zinc content, chemical forms of zinc compounds, 

soil related properties i.e. organic matter content, carbonate, or phosphate content, 

granularity and pH, environmental conditions i.e. (temperature and humidity), 

concentrations of other trace elements, and relative biological activities. At low soil pH 

less than 6 the bioavailability of Zn generally increases with increasing replacement of 

Zn2+ by H+ (Pilon and Smits, 2005). A higher temperature can accelerate the biochemical 

activities in general, thus Zn absorption and relocation processes could be accelerated. 

Organic matter can either increase the Zn availability in the soil with the formation of 

soluble organic zinc complexes which are probably capable of absorption into plant roots 

or decrease its bioavailability by the formation of stable solid state organic Zn complexes. 

The rhizosphere process involves complex interactions between plant roots and 

rhizosphere microbes. A variety of compounds (such as organic acid, siderophores, and 

phenolics) are released from plant roots, which are the natural carbon resources for 

microbes (Bowen and Rovira, 1999). At the same time, microbes in the rhizosphere 

stimulate root growth and enhance water and micronutrient absorption.  

 There are many studies about the roles of rhizosphere microbes in protecting plant 

from excessive heavy metal toxicity by reducing metal absorption (Farinati et al., 2009). 
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Such as, under the circumstance of excessive Zn, arbuscularmycorrhiza fungi (AMF) can 

improve plant growth, reduce the Zn toxicity to plants, influence the absorption and 

translocation of Zn, and facilitate the extraction of Zn by plants from soil (Chen et al., 

2003). The secretion from plants and microbes has both positive and negative effects on 

plant metal uptake: the secretion protects plants by reducing the absorption of metals, or 

promotes metal absorption by chelating metals to increase metal bioavailability. 

  

2.4.2.6.3. Role of Zinc Transporters/channels 

 Transport of bioavailable ions across the plasma membrane of roots is a critical 

step in metal uptake and accumulation. Taking Zn2+ for example, the absorption dynamics 

of Zn for plants can be distinguished into two stages. At the very beginning, it is a fast 

and linear dynamic phase which is related to the Zn2+ adsorption on the root cell wall. 

Then, there is a slower saturated adsorption stage which is related to the transport of Zn2+ 

through the root cells plasma membranes. 

 The Zn influx to the cell cytoplasm of root cells is mainly mediated by various 

classes of protein transporters on the plasma membrane, though some plasma membrane 

Ca2+ channels are also contributing to Zn2+ uptake (White and Broadley, 2011). Some 

metal transporters of the ZIP protein family are considered to be the predominant uptake 

systems for Zn in plants (Guerinot, 2000; Hafeez et al., 2001). 

 

2.5.  Zinc coated mineral fertilizers 

 Zinc could apply, as coating on macronutrient; it is an effective technique to 

overcome farmer’s ignorance. It is cost effective strategy because timely application can 

be insure with less or no labor cost. Nitrogen and Zn can be applied simultaneously 

because these two nutrients behave synergistically (Kutman et al., 2010), due to this 

behavior of these two nutrients, coating of Zn on urea is very impressive practice and the 

beauty of this method is application of nitrogen and Zn side by side (Yadav et al., 2010), 

they also published that the better quality of rice in which Zn coated urea was applied as 

compared to only ZnSO4, Which is best source of Zn. This technique is much better for 

those areas where rice- wheat cropping system with low contents of soil Zn (Prasad, 

2005). Almost 2% Zn coated urea showed best results in all yield and growth parameter e. 

g. grain yield, quality and grain Zn concentration (Yadav et al., 2010), they also 

concluded that ZnO has almost 2.5 folds more Zn contents as compare to ZnSO4 but still 

ZnSO4 is better as compare to ZnO because ZnSO4 is soluble while ZnO is insoluble Zn 
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source. The coating of micronutrients like Zn and Cu reduce ammonia losses from urea 

(Bremner and Douglas, 1971; Ahmad et al., 2006).  

 Cereals such as wheat and rice shows very good response to applied Zn fertilizers 

(Katyal et al., 2003; Prasad, 2010). Many scientists reported that Zn application as zinc 

sulphate or zinc enriched/coated urea in soil not only increased growth, yield and vigor of 

the plants but also zinc concentration in cereals grain (Shivay et al., 2008). Therefore, 

sufficient fertilizer application of food crops can to some extent help in Zn intake by 

humans.  

 

Fig.2.3. Mechanism of Zn coated urea absorb by plants 

2.6.  Zinc biofortification for food/nutrition security 

 Food security may be defined as when all people, at all times, have physical and 

economic access to enough, safe, and nutritious food to full fill their dietary requirements 

and food preferences for an energetic and healthy life (Gross et al., 2000). 

 Nutrition security is a broader term than food security because it incorporates 

some other aspects for example biological utilization, which refers to the aptitude of a 

person to consume foodstuff and metabolize nutrients and meet the requirements of 

necessary nutrients needed by the body (Gross et al., 2000). Proper food with adequate 

amount of micronutrients is necessary for a healthy generation and maintenance of 

successful life and social development (Quisumbing, 1995). The necessity of the time is 

to incorporate nutrition (micronutrients) into food items and crops and nutrition security 

is said to have been achieved ‘if adequate food (quantity, quality, safety, socio-cultural 

acceptability) is available and accessible for and satisfactorily utilized by all individuals 
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at all times to achieve good nutrition for a healthy and happy life (Weingartner, 2005; 

Thompson, 2009). The goals of food security provide a holistic approach towards 

achieving the targets set in the MDGs Millennium Development Goals (FAO, 2006; 

Shetty, 2009). Zn fertilization of crops grown on Zn deficient soils are helpful to attain 

both food security and it will also overcome Zn malnutrition among humans. 

  

2.7. Future Prospects 

Through different ways including soil application of mineral and organic fertilizers, foliar 

spray of Zn solution, biofertilizers, seed priming, impregnated fertilizers and management 

of other interacting nutrients (Mortvedt et al., 1999; Hussain et al., 2010). The use of 

balanced and integrated nutrition is an effective strategy to increase required element in 

the edible portion of plants (Hafeez et al., 2013). Zn coated urea is conceder a best way to 

increase Zn contents in grains due to more contact with roots, less exposure to soils, slow 

and continuous supply of Zn and N. It is need of the hour to ensure healthy, nutritious and 

safe food for nation throughout the year. In this way we can achieve a prosperous 

community and optimum Zn concentration in cereals grain. 

   

2.8. Nanotechnology and coated fertilizers 

 Nanotechnology is an emerging field in this century; nano-particles are sized 

between 1-100 nm (Buzea et al., 2007). These particles are used in Agriculture as 

fertilizers, medical fields as medicines and in food quality to reduce health risks (Hulse, 

2002). The application of nanoparticles as fertilizers (smart fertilizers) moved away from 

experimental to practical side (Chinnamuthu and Boopathi, 2009; Baruah and Dutta, 

2009; Cui et al., 2010). The slow release fertilizers are critically important to increase 

fertilizer use efficiency and plant health (Naderi and Danesh, 2013). The undesirable loss 

of nutrients from soil can be minimized with the increase in fertilizer use efficiency (Rai 

et al., 2012). 

 These nanofertilizers combine with nanodevices to detect the nutrient release and 

synchronize it with uptake by plants, in this way less interaction of nutrients with soil and 

microbes and maximum available to crops (DeRosa et al., 2010). Encapsulation/Coating 

of macronutrients within nanoparticles of micronutrients is effective to maximize 

fertilizer use efficiency and can be achieved by 3 ways: a) coating with thin polymer film 

b) Coating of nanoemulsions c) encapsulated inside nanoporous dimentions (Rai et al., 

2012). Pokhrel and his coworker (2013) reported that the application of nanoparticles of 
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ZnO improved germination and root elongation of maize and cabbage. They also reported 

that nanoparticles are less toxic as compare to free ions. 

 Nanotechnology is very effective to improve growth, yield and concentration of 

Zn in cereal grains due to its small size and more efficiency. So, the use of Nano 

fertilizers can improve plant health by slow and in time release of nutrients. Biofertilizers 

and coating of micronutrients on macronutrient fertilizers are the best sources to increase 

zinc concentration in cereal grains. 

 

Conclusion 

 Zinc deficiency in soil, plant and humans is well documented. Its biofortification 

in cereal flour is a safe and environmental friendly strategy for enhancing the zinc 

concentration in the population of developing world, they consume cereals for their daily 

caloric intake, adequate amounts of biofortified cereal flour through agronomic practice 

(use of fertilizers) is effective on large-scale. Zinc coated urea and nanotechnology is 

seemed to be a very effective strategy in the near future to ensure valuable Zn contents in 

crops especially cereals. Zinc biofortification programs to control Zn deficiency is also 

require sorting out this problem in poor world. The appropriate level of fortification 

depends on the population and extent of Zn deficiency in them. The milling process is 

also important because due to this process a lot of Zn is losses. So, Whole grain should be 

consumed. Proper fertilization of Zn in crops is also required to fulfill human zinc 

requirement. It is needed to make sure healthy, nutritious and safe food for the whole 

nation. To achieve the goal of Zn biofortification Zn blended, Zn coated and bio-activated 

Zn coated urea was evaluated under pot and field conditions for rice and wheat crops in 

this comprehensive project. In this way we can achieve a prosperous community and 

optimum Zn concentration in cereals grain as well. 
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CHAPTER 3 

MATERIALS AND METHODS 

 The proposed research was conducted to evaluate the comparative effectiveness of 

three types of urea viz., Zn blended, Zn coated and bio-activated Zn coated urea for 

improving the growth, yield and Zn content in edible portion of rice and wheat crops. 

This research was divided into the following studies. 

 

Study # 1  

 Characterization of pre-isolated Zn solubilizing bacterial strain Bacillus sp. AZ6 

 Preparation of 0.5, 1 and 1.5% Zn coated, Zn blended and bio-activated Zn coated 

urea 

 Evaluation of the comparative potential of Zn release from Zn coated, Zn blended 

and bio-activated Zn coated urea with respect to time and urease activity 

 

Study # 2 

 Evaluation of different levels of Zn blended, Zn coated and bio-activated Zn 

coated urea on growth, yield and grain Zn concentration of rice (pot experiment). 

 

Study # 3   

 Evaluation of different levels of Zn blended, Zn coated and bio-activated Zn 

coated urea on growth, yield and grain Zn concentration of wheat (pot experiment). 

 

Study # 4  

 Assessment of the comparative effectiveness of the optimum level of Zn blended, 

Zn coated and bio-activated Zn coated urea from pot trails with respect to growth, 

physiological, quality, yield and grains Zn concentration parameters under field 

conditions in rice. 

 

Study # 5 

  Assessment of the comparative effectiveness of the optimum level of Zn blended, 

Zn coated and bio-activated Zn coated Urea from pot trails with respect to growth, 

physiological, quality, yield and grains Zn concentration parameters under field 

conditions in wheat. 
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Study # 6 

 Determination of the effect of Zn coated, Zn blended and bio-activated Zn coated 

urea on the residual concentration of Zn in soil after crop harvesting (rice and wheat in 

pot and field experiments). 

 

3.1. Study #1 

 

3.1.1. Collection and characterization of Zn solubilizing bacteria 

 Pre-isolated Zn solubilizing bacterial strain Bacillus sp. AZ6 (accession number 

KT221633) (Hussain et al., 2015) was taken from Environmental Sciences Laboratory, 

Institute of Soil and Environmental Sciences, University of Agriculture, Faisalabad, 

Pakistan. This bacterium was used for the bio-activation of insoluble Zn source (ZnO) by 

Hussain et al. (2015), and in this research this bio-activated ZnO was used for coating on 

urea to formulate bio-activated Zn coated urea. The bacterium was characterized for Zn 

solubilization, auxin production, ACC-deaminase production, siderophore and organic 

acids production. 

 

3.1.1.1. Zn solublization (Qualitative test) 

 Zn solublization (qualitatively) ability of the bacterial strain was assessed, using 

Bunt and Rovira media containing 0.1% insoluble Zn compound (ZnO) as described by 

Bunt and Rovira (1955). The composition of the medium was (g L-1): glucose (10.0), 

ammonium sulphate (1.0), potassium chloride (0.2) g, di-potassium hydrogen phosphate 

(0.1), magnesium sulphate (0.2), and agar (15). pH of the medium was adjusted as pH 7.0, 

and medium was autoclaved at 121 °C  for 30 min. Agar plates were prepared and were 

spot inoculated in triplicates. The spotted plates were incubated at 28 ± 1 °C for 7 days. 

The holo zone, colonies diameters and Zn solublization area (cm2) was calculated 

according to Saravanan et al. (2003). 

Area= π r2 

  

3.1.1.2. Zn solublization (Quantitative test) 

 For the evaluation of quantitative Zn solublization by strain AZ6, broth of Bunt 

and Rovira medium was prepared and pH was adjusted as 7. Hundred milliliters of this 

broth were taken in 250 conical flasks and autoclaved. To prepare inoculum, bacterium 

was grown in 250 mL Erlenmeyer flasks containing 100 mL sterilized nutrient broth 
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medium. These flasks were incubated at 28 °C under shaking conditions. Bacteria were 

grown for a period till an optical density (OD) of 0.8 was achieved at 600 nm. Flasks 

were inoculated with 1 mL of bacterial inoculum (OD600:0.8) and incubated at 28 ± 1 °C 

for 15 days in shaking incubator. The samples were collected after fifteen days and pH of 

the culture medium was recorded. The aliquot of the medium was centrifuged (7000 rpm, 

15 min) and filtered (0.22 µm). This culture supernatant was fed to atomic absorption 

spectrophotometer (AAS) for the determination of soluble Zn contents. The amount of Zn 

solubilized was obtained by comparing the soluble Zn of the inoculated sample from the 

un-inoculated control and expressed as mg L−1 (Saravanan et al., 2003). 

 The data regarding pH was also taken from this broth culture media with respect 

to time up to 20 days after every 5th day to evaluate the effect of strain inoculation on 

media pH. 

 

3.1.1.3. Indol-3-acetic acid (IAA) production 

  Auxin production potential of the strain was determine using the method 

described by Sarwar et al. (1992) using L-tryotophan (L-TRP). For this 25 mL of Luria 

Bertani (LB) media was taken in 100 mL Erlenmeyer flasks, autoclaved and cooled. L-

tryotophan was filtered by passing through 0.2 µm membrane filter and was added at a 

concentration of 1 gL-1 to the LB media. The contents of the flask were inoculated by 

adding 1 mL of bacterial inoculum (OD600: 0.8). The flasks were plugged and incubated 

at 28 ± 1 °C for 48 h. After incubation, the contents were filtered using Whatman No. 2 

filter papers. Un-inoculated control with LB broth and L-TRP alone were also processed 

similarly. While measuring IAA-equivalents, 3 mL filtrate was taken and mixed with 2 

mL Salkowski’s reagent (2.0 mL of 0.5 M FeCl3 + 98 mL of 35% HClO4). After color 

development, intensity of the color was measured at 535 nm by using spectrophotometer 

(T60 UV-VIS). The standard curve was used for measuring the quantity of auxin 

production in the presence of L-TRP. 

 

3.1.1.4. ACC-deaminase activity determination 

 The ACC-deaminase activity of the selected strain was measured by the method 

described by Penrose and Glick (2003). This protocol is based on the amount of α-

ketobutyrate produced when the enzyme cleaves ACC into ammonia and α-ketobutyrate. 

The quantity of α-ketobutyrate produced is directly proportion to the ACC-deaminase 

activity. The number of moles of α-ketobutyrate produced by this reaction was 
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determined by comparing the absorbance at 540 nm of a sample to a standard curve of α-

ketobutyrate ranging between 0.1 and 1.5 nmol. A stock solution of 1 mM was prepared 

in 0.1 M Tris-HCl (pH 8.5) and stored at 4 oC. Just prior to use, the stock solution was 

diluted with the same buffer to make a 10 nM solution from which a standard 

concentration curve was developed. In each series of standard containing 2 mL of known 

concentration of α-ketobutyrate, 3 mL of 2,4-dinitrophenylhydrazine reagent (0.2% 2,4-

dinitrophenylhydrazine in 2 M HCl) was added and the contents were vortexed and 

incubated at 30 oC for 30 min, during which time the α-ketobutyrate was derivatized as 

phenylhydraxone. The color of the phenylhydrazone was developed by the addition of 20 

mL of 2 M NaOH to each standard; after mixing the absorbance of the mixture was 

measured at 540 nm. ACC-deaminase activity was induced in bacterial strains as 

described by Glick et al. (1995). ACC deaminase activity was measured in bacterial 

extracts prepared by the following manner. Bacterial cell pellets prepared as described 

above were suspended in 10 mL of 0.1 M Tris-HCl (pH 7.6) and transferred to 15 mL 

centrifuge tube. The contents of the tube were centrifuged at 13500 g for 5 minutes and 

the supernatant was removed. The pellet was suspended in 6 mL 0.1 M Tris-HCl with pH 

8.5. Three milliliters of toluene was added to the cell suspension and vortexed at the 

highest setting for 30 seconds. The toluenized cell suspension was immediately assayed 

for ACC deaminase activity. The sample measurements were carried out in triplicate. 

Two milliliters of the toluenized cells were placed in a fresh 15 mL centrifuge tube; 0.2 

mL of 0.5 M ACC was added to the suspension, briefly vortexed, and then incubated at 

30 oC  for 15 min. Following the addition of 10 mL of 0.56 M HCl, the mixture was 

vortexed and centrifuge for 5 minutes at 13500 g at room temperature. Ten milliliters of 

the supernatant was vortexed together with 8 mL of 0.56 M HCl. Thereupon 3 mL of the 

2,4-dinitrophenylhdrazine reagent was added to the glass tube, the contents were vortexed 

and then incubated at 30 oC for 30 min. Following the addition and mixing of 20 mL of 2 

N NaOH, the absorbance of the mixture was measured at 540 nm. There were two sets, in 

the first set; reagents included ACC, bacterial cells and assay reagents with their control 

containing ACC and assay reagents. Second series included bacterial cell and assay 

reagents with its control containing assay reagents only. The reading was taken from 

digital spectrophotometer, so the control value was subtracted automatically from the 

treatment values. Values of the first set were subtracted from the values of the second set 

for bacterial inoculation, to estimate the amount of α-ketobutyrate in nmol from the 

standard curve. ACC-deaminase activity of strain was further taken on the basis of per 
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gram biomass of bacterial cell. ACC-deaminase activity (α-ketobutyrate nmol g-1 biomass 

hr-1). 

 

3.1.1.5. Siderophores production activity 

 Siderophores production was assessed qualitatively by universal method of  

Schwyn and Neilands (1987). Fresh culture of the strain was inoculated into low iron 

medium (modified MM9 medium) and incubated at 28 oC for 48 h. The culture was 

centrifuged and the supernatant was mixed with Chrome azurol (CAS) solution. The 

change of color from blue to orange indicated the presence of siderophores in the 

solution. 

 

3.1.1.6. Identification of organic acids using HPLC 

 Zn solubilizing bacteria Bacillus sp. AZ6 was inoculated in test tubes containing 

15 mL of LB broth medium and incubated at 28 ºC for 72 h. Three biological replications 

were maintained for this experiment. After incubation time, each sample was centrifuged 

at 10,000 rpm at 4 ºC and the supernatant was collected. The metabolites were extracted 

thrice by vigorous shaking with methanol (HPLC grade) in 1:1 ratio using separating 

funnel. Organic acids (cinamic acid, ferulic acid, caffeic acid, chlorggenic acid, syrirgic 

acid and gallic acid) were determined by HPLC (Shizmadzu. Japan LC 10AT, UV-Visible 

and SPD 10 AV) (Butsat et al., 2009). 

 

3.1.2. Preparation of bacterial inoculum for formulation of bio-activated Zn coated 

urea  

 The inoculum of the pre-isolated strain was prepared by growing it in 1000 mL 

conical flask containing Bunt and Rivera basal medium (Bunt and Rovira, 1955). The 

inoculated flasks were incubated at 28 ± 1 0C for 72 h in the orbital shaking incubator at 

100 rpm. Before use, an optical density of 0.5 at 535 nm was achieved by dilution to 

maintain uniform cell density [108–109 colony-forming units (cfu) mL]. This suspension 

of the bacterial strain was used for urea coating. 

 

3.1.2.1. Preparation of bio-activated Zn coated urea 

 Zinc oxide was crushed to 300-400 mesh size and mixed with an appropriate 

amount and source of powder organic material, which was bio-augmented with AZ6. For 

this the powder organic material was first dried in an oven at 80 0C. It was inoculated 
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with bacteria and incubated for 72 h at 30 ± 2 0C in an incubator. This leads to maintain 

maximum population of bacterium on the organic material. Then this bio-augmented 

organic material was thoroughly mixed with 300-400 mesh size ZnO in the ratio of 40:60 

(powder ZnO: bio-augmented organic material) and mixture was amended @ 10% 

inocula. This mixture was again incubated for 3 days at 30±2 0C to achieve maximum 

chelation of Zn with organic complexes along with sustainability of much populations of 

beneficial bacterial strain. The bio-active Zn was coated on urea at three rates to 

formulate 0.5, 1 and 1.5% bio-activated Zn coated urea. Before impregnation/coating on 

urea granules, the bio-active Zn complex was once again passed through 300-400 mesh 

size sieves. The system was allowed to operate at a specific speed of urea. All the 

precautions were used and there was no change in the composition of urea. 

 

3.1.2.2. Zn coated urea 

 For the formulation of Zn coated urea, fertilizer was processed in a similar way as 

described above except the coating material was deficient of Zn solubilizing bacterium. 

The levels of Zn coating were also similar to bio-activated Zn coated urea. 

 

3.1.2.3. Zn blended urea 

  Zn blended urea was prepared by mixing 0.5, 1 and 1.5% Zn (ZnO) with urea.  

 

3.1.3. Temporal release of Zn from Zn coated, Zn blended and bio-activated Zn 

coated urea  

 A pot experiment was conducted to investigate the rate of Zn release from 

different types of urea and urease activity with respect to time. The soil was taken from 

the research farm of Institute of Soil and Environmental Sciences, University of 

Agriculture, Faisalabad. Soil was air dried, ground, and passed through a 2 mm sieve. It 

was mixed thoroughly and pots were filled with 5 kg soil. Physico-chemical properties of 

soil were determined before conducting the experiment as describe below in detail (Table 

3.1). Following treatments were compared for Zn release and urease activity; 

T0= Control (no Zn) 

T1= ZnSO4 

T2= Zn solubilizing bacteria (ZSB) 

T3= 0.5% Zn coated urea 

T4= 1% Zn coated urea 
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T5= 1.5% Zn coated urea 

T6= 0.5% bio-activated Zn coated urea  

T7= 1% bio-activated Zn coated urea 

T8= 1.5% bio-activated Zn coated urea 

T9= 0.5% Zn blended urea 

T10= 1% Zn blended urea 

T11= 1.5% Zn blended urea 

 Experiment was laid out in completely randomized design (CRD) with three 

replications. All Zn sources were applied before sowing of wheat seeds. Pots were 

irrigated with tap water to maintain optimum moisture. Zn concentration from soil was 

analyzed after every 10 day up to 70th day by AB-DTPA extraction (Soltanpour and 

Schwab, 1977). 

 

3.1.3.1. Pre-sowing soil analysis  

 

3.1.3.1.1. Soil textural class  

 For the determination of soil textural class, 50 g of soil sample was taken in a 

beaker. Forty milliliter of 1% sodium hexametaphosphate solution and 250 mL of 

distilled water was added into it and kept it for overnight. Next morning soil was stirred 

for 10 min with a mechanical stirrer and transferred in one liter graduated cylinder and 

the volume was made up to the mark using distilled water. After mixing the suspensions 

reading was measured by bouyoucos hydrometer (Moodie et al., 1959). Soil textural class 

was determined by using the International Textural Triangle. 

 

3.1.3.2.2. Saturation percentage (SP)   

 Saturated paste was prepared and transferred to a tarred china dish and weighed. 

This China dish containing soil paste was placed in an oven and dried to a constant 

weight at 105 °C. Saturation percentage was calculated by using the following formula 

(Method 27a, U.S. Salinity Laboratory Staff, 1954). 
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3.1.3.2.3. pH of saturated soil paste (pHs)  

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

250 g soil was taken in a beaker and saturated with distilled water. The paste was allowed 

to stand for 1 h and pH was recorded as method 21a described in U.S. Salinity Laboratory 

Staff (1954) by using pH meter (Kent-Eil 7015). 

 

3.1.3.2.4. Electrical conductivity (ECe)  

 For determining ECe, extract of soil paste was obtained by vacuum pump. ECe 

was noted with digital Jenway conductivity meter model 4070 (U.S. Salinity Laboratory 

Staff, 1954). 

 

3.1.3.2.5. Organic matter  

 Soil organic matter contents were determined according to the standard method 

described by Walkley and Black, 1934. For this, 1 g of soil sample was mixed thoroughly 

with 10 mL of 1N K2Cr2O7 solution and 20 mL of concentrated H2SO4. Then, 150 mL of 

distilled water and 25 mL of 0.5 N FeSO4 solutions were added and the excess was 

titrated with 0.1 N KMnO4 solutions to pink end point. 

 

3.1.3.2.6. Total nitrogen  

 Nitrogen was determined by Ginning and Hibbard’s method of H2SO4 digestion 

and distillation was made with macro Kjeldhal’s apparatus (Jackson, 1962). 

 

3.1.3.2.7. Available phosphorous  

 Five gram soil was extracted with 0.5 M NaHCO3 solution adjusted to pH 8.5. 

Five milliliter of filtrate was taken in 100 mL volumetric flask and then added 5 mL color 

developing reagent (ascorbic acid) and volume was made up to the mark. Reading was 

taken on spectrophotometer at 410 nm and available P was calculated with standard curve 

(Watanabe and Olsen, 1965). 

 

3.1.3.2.8. Extractable potassium   

 Soil extraction was done with 1 N ammonium acetate (pH 7) and potassium was 

determined by Flame Photometer (Jenway PFP-7) (Method 1la, Salinity Laboratory 

Staff). 
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3.1.3.2.9. Soil Zn concentration (plant available Zn) 

 Soil Zn was determined by ammonium bicarbonate-DTPA extraction method 

developed by Soltanpour and Schwab (1977), and later modified by Soltanpour and 

Workman (1979a). For this 10 g air dried soil (2-mm) was taken into a 125 mL conical 

flask. Extracting solution was added 20 mL, and shaken on a reciprocal shaker for 15 min 

at 180 cycles/min with flasks kept open. The extracting solution was 1 M ammonium 

bicarbonate (NH4HCO3), and 0.005 M DTPA adjusted to pH 7.6. The extracts were then 

filtered through Whatman No. 42 filter paper. Zn was determined by atomic absorption 

spectrophotometer. The standard solutions of the metal were made in the extracting 

solution. 

 

3.1.3.3. Urease activity   

 For the analysis of soil urease activity, 5 g soil was taken in an Erlenmeyer flask 

(100 mL) and 2.5 mL urea solution was added. Then stopper was applied and the flask 

was incubated at 37 0C for 2 h. After incubation, 50 mL of KCl solution was added and 

shaked for 30 min. After filtration, the filtrate was analyzed for ammonium content. The 

blank was performed as described above but with 2.5 mL distilled water. The urea 

solution was added at the end of the incubation and immediately before KCl addition. For 

ammonium estimation 1 mL of the clear filtrate was taken into an Erlenmeyer flask (50 

mL), then added 9 mL of distilled water, 5 mL of Na salicylate/ NaOH solution and 2 mL 

of dichloroisocyanide solution and allowed to stand at room temperature for 30 mins and 

optical density was measured at 690 nm Alef and Nannipieri (1995). 

 

3.2. Study# 2 & 3 

  

 Evaluation of different levels of Zn blended, Zn coated and bio-activated Zn 

coated urea on growth, yield and grain Zn concentration of rice and wheat 

 Two pot experiments were conducted in the wire house of Institute of Soil and 

Environmental Sciences, University of Agriculture, Faisalabad to evaluate the response of 

above mentioned treatments (section 3.1.3.) on growth, yield, grains Zn and phyatate 

concentration in rice and wheat. Soil for pot experiments was taken from surface layer of 

the research area of ISES. Soil was air dried, ground, and after passing through a 2 mm 

sieve it was mixed thoroughly and the pots were filled with 12 kg soil. Rice variety 
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(Shaheen) and wheat variety (FSD-2008) was used in the experiment. Soil used in pot 

was analyzed for physical and chemical characteristics as described earlier (Table 3.2). 

 Experiment was laid down by following completely randomized design with three 

replicates. The three levels e.g. 0.5, 1 and 1.5% Zn coated, blended and bio-activated Zn 

coated urea was used for both rice and wheat. The different treatments (recommended 

ZnSO4, ZnO coated, blended, bio-activated Zn coated urea and ZSB) were applied before 

sowing. The recommended N, P and K were applied in each treatment. Recommended 

dose of NPK for wheat (160 kg ha-1, 110 kg ha-1 and 90 kg ha-1) and for rice (180 kg ha-1, 

115 kg ha-1 and 90) was applied using urea, diammonium phosphate (DAP) and sulfate of 

potash (SOP) as sources of N, P and K respectively. All the fertilizers were applied at the 

time of sowing. 4.5 and 5 kg Zn ha-1 was used in treatment of recommended Zn in wheat 

and rice respectively. Soil in each pot was remixed to homogenize it with respect to NPK. 

Pots were irrigated with tap water to maintain optimum moisture for plant growth. The 

plants were irrigated as and when required in wheat and saturated conditions were 

maintained in rice crop. 

 

3.2.1. Data collection 

 Data related to growth, yield and grains Zn and phytate concentration in grains 

was recorded at maturity. 

 

3.2.1.1. Growth parameters 

 At maturity, plants (rice and wheat) were harvested and data regarding growth 

parameters (plant height, root length, fresh shoot biomass, fresh root biomass, dry root 

biomass, dry shoot biomass etc.) were recorded. The plant height and root length were 

measured with the help of measuring rod from top to bottom. Fresh shoot and roots were 

weighted on digital electrical balance to determine fresh shoot and root biomass. Fresh 

shoots and roots were sun dried and then placed in the oven till constant weight. Then dry 

roots and shoots biomass were recorded. The panicle length of rice and no. of tillers per 

plant were also recorded. In wheat crop the spike and flag leaf length were recorded with 

the help of meter rod. 

 

3.2.1.2. Yield parameters 

 At maturity, the yield parameters (100 grains weight and total yield per pot) of 

rice and wheat were recorded. 
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3.2.1.3. Zn analysis in different parts of plants  

 The total recovery of Zn from root, shoot and grains was not possible by dry 

ashing procedure; therefore, the plant material was wet digested with HNO3-HClO4. 

 

3.2.1.3.1. Reagents 

 Nitric acid and perchloric acid were used as 2:1 ratio in the digestion mixture. To 

make this reagent, one liter of concentrated nitric acid was mixed with 500 mL of 

concentrated perchloric acid and saved for use. 

 

3.2.1.3.2. Digestion  

 Air dried ground material (1 g) was placed in the digestion flask. 10 mL of above 

mentioned reagent was added into it and let it stand overnight. Next day samples were 

heated on the hot plate carefully until the production of red NO2 fumes has ceased. Allow 

the flasks to cool down and then add a small amount (2-4 mL) of 70% HClO4. The 

samples were heated again and allow evaporating to a small volume. When the vapors 

were condensed, contents of the flask were transfered to 50 mL volumetric flask and 

volume was made with distilled water. Each batch of digestion samples contained at least 

one reagent blank (no plant material). Samples were then filtered and used for 

determination of Zn by atomic absorption spectrometry. 

 

3.2.1.3.3. Zn analysis on atomic absorption spectrophotometer  

 The above digested samples were analyzed on atomic absorption 

spectrophotometer for Zn content. The calibration curve was prepared using working 

standards. The stock solution was made by dissolving ZnSO4.7H2O 4.398 g/L. The sub 

stock of 100 ppm was prepared by taking 10 mL stock solution in 100 mL flask. The 

volume was made with distilled water. The working standards of 0.5, 1, 1.5, 2, 2.5, and 3 

mg L-1 were prepared by taking sub stock. 

 

3.2.1.4. Phytic acid content  

 The seed phytate content was determined by the modified colorimetric procedure 

(Wade reagent) as described by Gao et al. (2007). The half gram sample of rice and wheat 

flour was thoroughly mixed with 2.4% HCl and shaken for 16 h at 220 mg L-1 and 

centrifuged at 9600 for 10 min. The crude extracts were then transferred to another 

centrifuge tube containing 1 g NaCl. The contents were shaken for 20 min and 1 mL of 
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clear supernatant was diluted to 25 mL with distilled water. Three mL of the diluted 

sample was combined with 1 mL of Wade reagent (0.03% FeCl3.6H2O + 0.3% 

sulfosalyclic acid) and contents read at spectrophotometer. A conversion factor of 3.5484 

was used to convert phytate (P) and phytate. The phytic acid/Zn molar ratio in samples 

was calculated by dividing milli moles of phytic acid with milli moles of Zn. 

 

3.2.1.5. Phytate: Zn 

 The concentration of phytate and Zn in rice and wheat grains was used to calculate 

Phytate: Zn. 

 

3.3. Study # 4 & 5  

 Assessment of the comparative effectiveness of the optimum level of Zn 

blended, Zn coated and bio-activated Zn coated urea from pot trails with respect to 

growth, physiological, quality, yield and grains Zn concentration parameters under 

field conditions in rice and wheat 

 Two field experiments on rice and wheat were conducted at the research area of 

the Institute of Soil & Environmental Sciences, University of Agriculture, Faisalabad. 

The main purpose of the study was to evaluate the comparative effectiveness of the 

optimum level of Zn blended, Zn coated and bio-activated Zn coated urea with respect to 

growth, physiological, quality, bio-chemical and yield parameters under field conditions. 

 The soil used in this study was analyzed for physical and chemical characteristics 

(Table 3.3). Rice variety Shaheen and wheat variety Faisalabad 2008 were used in the 

experiment. Randomized complete block design (RCBD) was used in the field trials of 

rice and wheat with three replications. 

The following treatments were tested under field conditions in rice and wheat; 

T0= Control (no Zn) 

T1= ZnSO4 

T2= Zn solubilizing bacteria (ZSB) 

T3= Optimum level of Zn coated urea (ZnO) i.e. 1.5% 

T4= Optimum level of bio-activated Zn coated urea (ZnO) i.e. 1.5%  

T5= Optimum level of Zn blended urea (ZnO) i.e. 1.5% 

 The recommended doses of NPK and Zn were applied. Recommended NPK were 

applied in each treatment. The recommended doses of NPK for wheat were as 160:110:90 

kg ha-1, respectively, while for rice as 180:115:90, respectively. Urea, DAP and SOP were 
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used as sources of NPK respectively. All the fertilizers were applied at the time of 

sowing. 4.5 and 5 kg Zn ha-1 was used in treatment of recommended Zn. Field were 

irrigated with canal water to maintain optimum moisture for plant growth. The plants 

were irrigated as and when required. 

 

3.3.1. Pre-sowing soil analysis  

 Same as given in section 3.1.3.1. 

 

3.3.2. Growth parameters 

 At maturity, plants (rice and wheat) were harvested and data about growth 

parameters were recorded. Plant height and root length was recorded with the help of 

measuring rod from top to bottom. Fresh shoot and root biomass were weighted on digital 

electrical balance. Fresh shoots and roots were firstly sun dried and then placed in the 

oven till constant weight. Then the dry root biomass and shoot biomass was recorded on 

digital electrical balance. Panicle length of rice and no. of tillers per plant was also 

recorded. In wheat crop the spike and flag leaf length was recorded with the help of meter 

rod. 

 

3.3.3. Physiological parameters 

 Data regarding gas exchange parameters i.e. photosynthetic rate (A), transpiration 

rate (E) stomatal conductance, sub-stomatal CO2 concentration and photosynthetic water 

use efficiency of plants  was measure by using CIRAS-3 (PP System, Amesbury, MA, 

USA) with a PLC3 narrow leaf cuvette measuring both sides of the leaf. Cuvette was 

provided light via light emitting diodes (LED) and with a photon flux of 1000 µmol m-2 s-

1, ambient leaf temperature and 390 µmol mol-1CO2. For this, two fully expanded leaves 

from one plant in each experimental unit were selected for recording the data regarding 

above mentioned parameters. Water use efficiency is the ratio of A and E that was 

calculated as follow 

 

 

3.3.3.1. Chlorophyll Content  

 For chlorophyll pigments, 0.5 g leaf samples from each treatment were 

homogenized with 80% acetone (v/v) and then the homogenate was filtered. The 
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absorbance of the resulting solution was read by spectrophotometer at 663, 645 and 480 

nm for chlorophyll a, b and carotenoids, respectively (Arnon, 1949). Chlorophyll a, b and 

carotenoids were calculated as under, 

Chlorophyll a (mg/g fresh weight) = [12.7 (O.D 663) – 2.69 (O.D 645) * V/1000 * W] 

Chlorophyll b (mg/g fresh weight) = [22.9 (O.D 645) – 4.68 (O.D 663) * V/1000 * W] 

Carotenoids (mg/g fresh weight) = Acar / Em * 100 

Where 

V= Volume of sample,                W= Weight of fresh tissue, Em = 2500 

Acar = O.D 480 + 0.114 (O.D 663) – 0.638 (O.D 645) 

 

3.3.3.2. Electrolyte leakage  

 Ion leakage occurs well before programmed cell death is visible. Hence several 

time points after initiation of the treatment can be considered for ion leakage 

quantification. It was used to assess membrane permeability, as described by Lutts et al. 

(1995). Leaf samples were washed three times with double deionized water (DDW) to 

remove the surface contamination. The leaf discs were prepared by cutting the young 

leaves and were placed in a closed vial containing 10 mL of DDW and incubated on a 

rotatory shaker for 24 h; subsequently, the electrical conductivity of the solution (EC1) 

was determined. The samples were then autoclaved at 120 °C for 1 h and 20 min and then 

electrical conductivity (EC2) was measured after cooling the solution at room 

temperature. The electrolyte leakage was calculated as 

 

 

3.3.3.3. Carbonic Anhydrase Activity (CA) 

 Carbonic anhydrase activity was determined by the method of Dwivedi and 

Randhawa (1974). The leaf samples were cut into small pieces (1 cm2) at a temperature 

below 25 °C. After mixing them, 200 mg leaf pieces were weighed and suspended in 0.2 

M cystein hydrochloride solution. The samples were incubated at 40 °C for 20 min. The 

pieces were blotted and transferred to the test tubes containing phosphate buffer (pH 6.8), 

followed by the addition of 0.2 M alkaline bicarbonate solution and 0.002% bromothymol 

blue indicator. The test tubes were incubated at 50 °C for 20 min. After the addition of 0.2 

mL of methyl red indicator, the reaction mixture was titrated against 0.05 N HCl. The 

results were expressed as: μmol (CO2) kg− 1 (F.W.) s−1. 
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3.3.4. Yield parameters 

 At maturity, the yield parameters (100 grains weight and total yield per plot) of 

rice and wheat were recorded. 

 

3.3.5. Quality parameters 

 

3.3.5.1. Oil contents 

 The Soxhelt apparatus was used for the determination of oil in each sample 

according to AACC (2000) method No. 30-25. For this purpose, 5 g of flour was 

extracted with petroleum ether at a condensation rate of 2-3 drops/sec for 8 h. After 

distilling excess ether the residue of extraction flask was dried at 100 ºC for 30 min until a 

constant weight. Oil content was calculated by the formula given below; 

 

3.3.5.2. Ash content 

 Each rice and wheat whole grains sample was tested for ash content by following 

the procedure mentioned in AACC (2000) method No. 08-01. The whole grain sample 

were taken in pre-weighed crucibles and charred on bunson burner before incinerating in 

the muffle furnace where a temperature of 550 ºC was maintained till the sample 

converted to gray whitish residue. 

 

3.3.5.3. Dry matter 

 For dry matter determination, first aluminum containers were oven dried and 

weighed by electric balance. 10 g plant sample was weighed in each container and placed 

in oven at 105 0C till constant weight. Dry matter percentage was calculated by following 

formula: 
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3.3.5.4. Moisture (%) 

 Rice and wheat grains were evaluated for moisture content by using an air forced 

draft oven (Memmet Germany) at a temperature of 105± 5 ºC by following the procedure 

described in AACC (2000) method No. 44-15A. 

 

 

 

3.3.5.5. Nitrogen concentration (%)  

 

3.3.5.5.1. Digestion  

 Nitrogen was determined after digestion. The grain samples were digested as 

described by Wolf (1982). For this, 0.1 g dried and ground grain sample was placed in 

digestion tubes; 2 mL of concentrated H2SO4 was added and incubated over night at room 

temperature. Then 1 mL of H2O2 (35% pure) was added into digestion tubes and was 

rotated. Tubes were put in the digestion block and heated up to 350 oC until fumes were 

generated and continued heating for 20 min. Then digestion tubes were removed and 1 

mL of H2O2 was added slowly and again the digestion tubes were placed back in the 

digestion block until fumes were produced for 20 min above step was repeated until the 

material became colorless. The volume of extract was made up to 50 mL with distilled 

water. After that, it was filtered and used for the determination of N described below. 

 

3.3.5.5.2. Nitrogen determinations 

 Five milliliter of aliquot was taken in Kjeldhal flask and it was placed on the 

Kjeldhal ammonium distillation unit. After adding 10 mL of 40% NaOH the flask was 

connected to the distillation apparatus. A receiver was prepared in 100 mL flask by 

adding 5 mL of 2% H3BO3 and few drops of indicator (bromocresol green and methylene 

red). When the distillate was become approximately 50 mL, then conical flask was 

removed and cooled for few min. Then the content of the flask were titrated with 0.01 N 

standards H2SO4 up to pink end point. 
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3.3.5.6. Crude protein (CP) 

 Nitrogen content in rice and wheat grains samples was determined by Kjeldal 

Apparatus. The protein percentage was measured by multiplying nitrogen with 

conversion factor 6.25 for rice and 5.7 for wheat crop (Shih et al., 1999). 

 

3.3.6. Grains analysis 

3.3.6.1. Grains Zn analysis 

 Same as given in section 3.2.2.3 

 

3.3.6.2. Grains phytate analysis  

 Same as given in section 3.2.2.4 

 

3.3.6.3. Phytate: Zn 

 Same as given in section 3.2.2.5 

3.4. Study # 6 

 Determination of the effect of Zn coated, Zn blended and bio-activated Zn 

coated urea on the residual concentration of Zn in soil after crop harvesting (rice 

and wheat in pot and field experiment) 

 Soil samples were collected from upper 6 inches soil depth after rice and wheat 

harvesting of pot and field trials and residual Zn concentration was determine. The main 

purpose to conduct this analysis was to evaluate the residual concentration of Zn in soil 

after crop harvesting (Rice and Wheat). 

  

3.5. Statistical Analysis 

 The analysis of data was done by using analysis of variance technique (ANOVA) 

with CRD for controlled conditions (wire house experiments) and RCBD for field 

experiments (Steel and Torrie, 1997). For this purpose computer software Statistix 8.1 

was used and means were compared by least significant difference (LSD) test. 

 

 

 

 



45 

 

Table 3.1. Physico-chemical analysis of experimental soil for pot trails (wire house 

temporal release) 

Characteristics Units Values  

Sand %                                                      51.5 

Silt %                                                      27.75 

Clay %                                                      21.25 

Textural class -- Sandy clay loam 

Saturation percentage %                                                      31.5 

pH -- 7.5 

EC dSm-1 1.41 

O.M %                                                      0.65 

Total nitrogen %                                                      0.07 

Available phosphorous mg kg-1                                                 8.5 

Extractable potassium mg kg-1                                                 84 

Available zinc mg kg-1                                                 0.68 
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Table 3.2. Physico-chemical analysis of experimental soil for pot trails 

Characteristics Units Values for rice 

trial  

Values for wheat 

trial 

Sand %                                                      51.2 51.23 

Silt %                                                      29.6 27.8 

Clay %                                                      19.2 20.97 

Textural class -- Sandy clay loam Sandy clay loam 

Saturation percentage %                                                      32.0 31.75 

pH -- 7.9 7.7 

EC dSm-1 1.41 1.45 

O.M %                                                      0.68 .73 

Total nitrogen %                                                      0.06 .067 

Available phosphorous mg kg-1                                                 8.79 8.77 

Extractable potassium mg kg-1                                                 84 88 

Available zinc mg kg-1                                                 0.65 0.73 
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Table 3.3. Physico-chemical analysis of experimental soil for field trails  

Characteristics Units Values for rice  

trial 

Values for wheat 

trial 

Sand %                                                      52.3 51.5 

Silt %                                                      28.5 27.7 

Clay %                                                      19.2 20.8 

Textural class -- Sandy clay loam Sandy clay loam 

Saturation percentage %                                                      33 31.75 

pH -- 7.85 7.9 

EC dSm-1 1.43 1.47 

O.M %                                                      0.69 .71 

Total nitrogen %                                                      0.07 .067 

Available phosphorus mg kg-1                                                 8.6 8.65 

Extractable potassium mg kg-1                                                 85 87 

Available zinc mg kg-1                                                0.66 0.74 
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CHAPTER 4  

RESULTS 

 Zinc, being an important micronutrient, its supply to plants in adequate amount is 

necessary for healthy growth and development. Due to soil factors such as low organic 

matter, high pH, saline and waterlogging conditions its poor availability to plant is a 

serious issue in Pakistan. The parent material of Pakistani soils is deficient in 

micronutrients especially for Zn and Fe, that’s why the cereals grown on such soils are 

also Zn deficient. The major sources of energy and minerals in developing countries are 

cereals, but the Zn concentration in cereals is too low to fulfill the human’s requirements. 

The possible solution to overcome this problem is Zn bio-fortification in cereal grains. 

There are many methods of Zn bio-fortification in cereals but most effective, rapid and 

economical method is through fertilizer application. The principle source of Zn is ZnSO4 

which is costly and 90% of applied Zn becomes fixed. About 6-8% of this applied Zn is 

available to plants. On the other hand ZnO which is a cheaper source of Zn with 80% Zn 

contents, the only problem with ZnO is its poor solubility in water. This insoluble Zn in 

ZnO can be solubilizing through bio-activation process. 

 The present study was designed to bio-activate ZnO with the help of ZSB 

(Bacillus sp. AZ6) and then urea granules were coated with bio-activated ZnO. Three 

products; bio-activated ZnO coated urea, ZnO coated urea and ZnO blended urea were 

tested for the Zn release with respect to time in soil. These products were evaluated for 

the improvement in yield and Zn bio-fortification of rice and wheat crops under pot and 

field conditions in comparison with ZnSO4 and control (no Zn). The residual plant 

available Zn concentration was also evaluated from the above mentioned treatments. 

Three levels (0.5, 1 and 1.5% Zn coated with ZnO) of each type of urea were used. A 

series of pot and field experiments were conducted in the research area of Institute of Soil 

and Environmental Sciences, University of Agriculture, Faisalabad, Pakistan.  
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Study # 1 

 

4.1. Characterization of Bacillus sp. AZ6 

 Pre-isolated and identified strain Bacillus sp. AZ6 was characterized for Zn 

solubilization (qualitatively and quantitatively) and also for the growth promoting 

attributes such as siderophores production, ACC-deaminase activity and Auxin 

production. The characteristics are as follows: 

 

4.1.1. Qualitative Zn solublization 

 The qualitative Zn solubilizing ability of Bacillus sp. AZ6 was evaluated by plate 

assay using Bunt and Revira agar media added with 0.1% insoluble Zn source e.g. ZnO. 

The data regarding holo zone diameter, bacterial colony diameter and solubilization area 

have been shown in Table 4.1 and also evident from fig. 4.1. The holo zone diameter, 

colony diameter and solubilization area were measured as 3.15 cm, 0.99 cm and 7.78 cm2, 

respectively. 

 

4.1.2. Quantitative Zn solublization 

 The quantitative Zn solublization of strain AZ6 was evaluated by using the Bunt 

and Revira broth culture media which was supplemented with 0.1% insoluble Zn source 

e.g. ZnO. Zinc concentration of 28 µg Zn mL-1 was recorded after 15 days of inoculation 

(Table 4.1). Furthermore, it was found that pH of inoculated broth decreased over time, 

whereas there was no change in un-inoculated broth (fig. 4.2). Data regarding pH was 

observed up to twenty days after inoculation. In the first five days the pH value was 

reduce from 7.3 to 6.8 and its value was 6.1 and 5.2 on 10th and 15th day respectively. 

Maximum reduction in media pH was observed at 20th day in the presence of ZnO that 

was 4.8. In the control where no inoculation was done no considerable change in pH was 

recorded. 

 

4.1.3. ACC-deaminase activity 

 ACC-Deaminase activity of the Bacillus sp. AZ6 was 215.34 α-ketobutyrate nmol 

g-1 biomass h-1 (Table 4.1). 

 

 

 



50 

 

4.1.4. Auxin production 

 Auxin biosynthesis by Bacillus sp. AZ6 in the presence of L-tryptophan was 

evaluated and data is shown in table 4.1. Auxin production in the medium was found to 

be as 32.5 µg mL-1. 

 

4.1.5. Siderophore production 

 The siderophores production was observed in the blue broth media. The strain was 

found to be positive for siderophore production as vigorous strength for the Fe chelation 

was noticed. Change in color from blue to orange was observed which is indicative of 

siderophore production. 

  

4.1.6. Bacterial metabolites analyzed by HPLC 

 HPLC (High performance liquid chromatography) analysis was conducted to 

evaluate the bacterial metabolites after methanol extraction. Different patterns of bacterial 

metabolites were observed on chromatograms after 24 and 48 h of inoculation (Fig 4.4; 

Fig 4.5). The peaks on chromatogram were comparing with the standards. The 

metabolites which were detected by the HPLC such as gallic acid, caffic acid, synapic 

acid, comerric acid and feuloric acid (Fig. 4.3). The most prominent metabolite produced 

by Bacillus sp. AZ6 was gallic acid with concentration of 7.8 ppm and 11.2 ppm after 24 

and 48 h of inoculation, respectively.  
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Table 4.1. Plant growth promoting characteristics of Bacillus sp. AZ6. 

Values shows mean±S.E 

Character Parameter Units Values 

Zn solubilizing activity (qualitative 

test) 

 

Holo zone diameter  cm 3.15±0.03 

Colony diameter  cm 0.99±0.004 

Area  cm2 7.78±0.03 

Zn solubilizing activity (quantitative 

test) 

Zn concentration in broth µg Zn mL-1 28±1.7 

ACC Deaminase activity α-ketobutyrate concentration µmol  α-

ketobutyrate mL-1 

 

216±1.2 

Auxine production (In the presence 

of L-Tryptophan) 

Auxin µg mL-1 32.5±0.3 

Siderophore production Color change (blue to orange) - + 
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 Fig. 4.1. Formation of holo zone by spot inoculation of Bacillus sp. AZ6 on Bunt and 

Revira agar medium containing insoluble Zn (ZnO)  

 

Fig. 4.2. Effect of Bacillus sp. AZ6 inoculation on pH of Bunt and Revira broth medium 

containing insoluble Zn (ZnO).  

 . 
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   Fig. 4.3. Bacterial metabolites profile determined by HPLC 
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 Fig. 4.4. HPLC standardization peaks for organic acid release after 24 h of 

inoculation 

Fig. 4.5. HPLC standardization peaks for organic acid release after 48 h of 

inoculation 
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4.1.7. Comparative potential of Zn release and urease activity of zinc coated, zinc 

blended and bio-activated zinc coated urea with respect to time  

 A wire house experiment was conducted to evaluate Zn release and urease activity 

over time in soil treated with ZnO coated, ZnO blended and bio-activated ZnO coated 

urea compared to ZnSO4 and no Zn application.  

   

4.1.7.1. Zinc release in soil with respect to time 

 Figure 4.6 showed Zn release in soil over time by different treatments. Data 

indicated that all treatments showed increasing trend in Zn release as compared to control 

where no Zn was applied. However maximum and constant increase was detected in the 

treatment which received 1.5% bio-activated Zn coated urea. It was observed that Zn 

concentration was 0.68 mg kg-1 at the 1st day of experiment and it increased to 1.75 mg 

kg-1 Zn after 70 days. It was about 61% increase in Zn contents as compared to 1st day of 

incubation by this treatment. With the application of 1.5% bio-activated Zn (ZnO) coated 

urea, after 70 days of incubation about 8.5% increased Zn concentration in soil was 

observed as compared to recommended ZnSO4. The soil where ZnSO4 was applied 

showed 1.6 mg kg-1 Zn contents after 70 days. Further it was found that with 1.5% Zn 

(ZnO) coated urea and Zn blended urea (ZnO) produced similar results as almost 1.4 and 

1.39 mg kg-1 of Zn was recorded after 60 days, and there was no further increase with 

time. The statistical analysis indicated a significant interactive effect of bio-activated Zn 

coating and time of incubation. On the other hand, the treatment in which only ZSB was 

applied showed a very slow and minor increase in Zn concentration compared to 

fertilizers. However it was 15% increase as compared to control where no Zn was 

applied.  

 

4.1.7.2. Urease activity in soil with respect to time  

 Fig. 4.7 indicated that 1.5% bio-activated Zn coated urea showed slow and 

constant increase in urease activity as compared to all other treatments. The urease 

activity was almost 10-15 mg.NH4-N
 kg-1h-1 at the 1st day of experiment. With the 

application of 1.5% bio-activated Zn coated urea about 29.8% decrease in urease activity 

was observed as compared to recommended Zn (ZnSO4) at 70th day of incubation. In 

control soil (no Zn application) urease activity after 70 days was 65 mg.NH4-N
 kg-1h-1, 

while 1.5% bio-activated Zn coated urea showed 40 mg.NH4-N kg-1h-1 urease activity. 

Furthermore it was found that 1.5% bio-activated Zn coated urea an increasing trend in 
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urease activity was detected up to 50 days while it was almost constant from 50-70 days. 

The soil receiving 1 and 0.5 % bio-activated Zn coated urea showed 55 and 62 mg.NH4-N 

kg-1h-1 urease activities, respectively. The treatment where 1.5% Zn coated urea was 

applied showed 53 mg.NH4-N kg-1h-1 that was 18.46% decrease with respect to control. In 

1 and 0.5% Zn coated urea the urease activity after 70 days was 58 and 63 mg. NH4-N kg-

1h-1 urease activity, respectively. In the Zn blended urea 64, 62 and 59 mg. NH4-N kg-1h-1 

urease activities in 1.5, 1 and 0.5 % Zn blended urea respectively was observed. 
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Fig.4.6. Effect of different treatments on zinc release in soil with respect to time  

Treatment Description: 

T0= No Zinc  

T1= Recommended ZnSO4 

T2= ZSB (Zinc solubilizing bacteria) 

T3= 0.5% Zn coated urea (ZnO) 

T4= 1% Zn coated urea (ZnO) 

T5= 1.5% Zn coated urea (ZnO) 

T6= 0.5% bio-activated Zn coated urea (ZnO) 

T7= 1% bio-activated Zn coated urea (ZnO)  

T8= 1.5% bio-activated Zn coated urea (ZnO) 

T9= 0.5% Zn blended urea (ZnO) 

T10= 1% Zn blended urea (ZnO) 

T11= 1.5% Zn blended urea (ZnO) 
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Fig.4.7. Effect of different treatment on urease activity in soil with respect to time  

Treatment Description:

T0= No Zinc  

T1= Recommended ZnSO4 

T2= ZSB (Zinc solubilizing bacteria) 

T3= 0.5% Zn coated urea (ZnO) 

T4= 1% Zn coated urea (ZnO) 

T5= 1.5% Zn coated urea (ZnO) 

T6= 0.5% bio-activated Zn coated urea (ZnO) 

T7= 1% bio-activated Zn coated urea (ZnO)  

T8= 1.5% bio-activated Zn coated urea (ZnO) 

T9= 0.5% Zn blended urea (ZnO) 

T10= 1% Zn blended urea (ZnO) 

T11= 1.5% Zn blended urea (ZnO) 
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Study # 2 

 

4.2. Effect of Zn blended, zinc coated and bio-activated zinc coated urea on growth, 

yield and grain zinc concentration of rice  

 A pot experiment was conducted to evaluate the effect of different levels of Zn 

coted, blended and bio-activated Zn (ZnO) coated urea on the growth, yield and Zn bio-

fortification in rice grains. The results are given as under: 

 

4.2.1. Growth parameters 

 Table 4.2 showed the effect of different levels of Zn coated, Zn blended, bio-

activated Zn (ZnO) coated urea and ZnSO4 on the growth (plant height, no. of tillers per 

plant and panicle length) of rice grown in pots. Data showed that all growth parameters 

were improved with different treatments. However, with the application of 1.5% bio-

activated Zn coated urea produced the best results in all above mentioned parameters and 

produced 35.2, 22.2 and 23.8 percent increase as compare to ZnSO4 respectively. The 

pots which received 1.5% Zn (ZnO) blended urea showed almost same results as in 1.5% 

bio-activated Zn coated urea. The treatment where only ZSB was applied caused 9.5% 

increase in plant height and 22% in panicle length and 40% in no. of tillers per plant as 

compared to control (no Zn). From the three levels of bio-activated, coating and blended 

urea level @ 1.5 showed maximum results in above mentioned growth parameters.  
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Table 4.2. Effect of different treatments on the growth parameters of rice  

Treatments Plant height 

(cm) 

No. of tillers per 

plant 

Panicle length 

(cm) 

No Zn 86.7±0.12 i 5±0.95 f 14.7±0.15 h 

Recommended Zn 102±1.16 ef 9±0.95 bc 21±0.45 ef 

ZSB 95±1.16 h 7±0.5 e 18±0.14 g 

0.5% Zn coated urea 101±0.56 fg 8±0.95 d 19.7±0.12 f 

1% Zn coated urea 114±1.16 d 10±0.48 b 21.4±0.11 de 

1.5% Zn coated urea 97±1.16 gh 10±0.47 b 23.4±0.12 bc 

0.5% bio-activated Zn 

coated urea 

103±1.16 e 8±0.48 d 20±0.16 ef 

1% bio-activated Zn 

coated urea 

122±0.58 b 10±0.48 b 24.4±0.58 b 

1.5% bio-activated Zn 

coated urea 

138±1.15 a 11±0.95 a 26±0.58 a 

0.5% Zn blended urea 104±1.16 e 7±0.95 e 19.7±0.11 f 

1% Zn blended urea 118±1.8 c 9±0.95 cd 22±0.58 cd 

1.5% Zn blended urea 121.4±0.6 b 11±0.5 a 21.4±0.12 de 

LSD 3.12 0.88 1.58 

ZSB: Zn solubilizing bacteria 

LSD: least signifecant difference 

Means sharing the same letters within the column do not differ significantly (p<0.05) 

Values shows mean±SE 
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4.2.2. Shoot biomass per pot (g/pot) 

 The different levels of Zn as coated, blended and bio-activated Zn coated urea had 

a significant effect on shoot biomass of rice (Fig. 4.8). It was found that shoot biomass of 

rice increased under different levels of Zn coated urea, Zn blended urea and bio-activated 

Zn coated urea. The maximum shoot biomass was observed with the application of 1.5% 

bio-activated Zn coated urea which shows 11.5% increase as compared to ZnSO4. The 

use of only ZSB, the results were significant at (p<0.05) while a statistically non-

significant (p<0.05) results were found in those treatments where ZSB and 0.5% Zn 

coated urea was applied. The treatment with 1.5% bio-activated Zn coated urea produced 

biomass of 78 g/pot. Plant receiving 1.5% Zn coated and 1.5% Zn blended urea produced 

statistically (p<0.05) similar biomass as 73.7 g/pot and 73 g/pot, respectively was 

recorded. An increase of 20% was recorded with the application ZnSO4 compared to that 

without Zn application. Almost comparable results were detected in the treatments where 

recommended Zn, 1% bio-activated Zn coated urea was applied. While minimum shoot 

biomass per pot was noted with the application of no zinc. 

 

4.2.3. Fresh and dry root biomass (g/pot) 

 Fig. 4.9 shows a significant effect of Zn application on the fresh and dry root 

biomass of rice under different treatments. From the data collected, it was clearly found 

that the effect of different levels of coating and bio-activation of Zn on urea was 

statistically significant (p<0.05). Among all the treatments 1.5% bio-activated Zn coated 

urea showed maximum results both in root fresh and dry biomass. About 8-10% increase 

in root fresh and dry biomass of rice was observed as compare to ZnSO4, with the 

application of 1.5% bio-activated Zn coated urea. In case of root fresh biomass the 

treatments where recommended Zn and 1.5% Zn coated urea was applied showed almost 

similar results and biomass was 45 g/pot. Likewise, 1% bio-activated Zn coated urea and 

1.5% Zn blended urea showed similar results. Almost similar trend was found in the root 

dry biomass and 1.5% bio-activated Zn coated urea showed maximum results after that 

1.5% coated urea and then 1.5% Zn blended urea. 1% Zn coated urea and 0.5% bio-

activated Zn coated urea showed almost similar results in root dry biomass. 
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Fig. 4.8. Effect of different treatment on the shoot biomass (g/pot) of rice  

Bar showing same alphabets do not differ significantly (p<0.05) from each other 

(LSD= 2.1988) 

Treatments Description: 

T0= No Zinc  

T1= Recommended ZnSO4 

T2= ZSB (Zinc solubilizing bacteria) 

T3= 0.5% Zn coated urea (ZnO) 

T4= 1% Zn coated urea (ZnO) 

T5= 1.5% Zn coated urea (ZnO) 

T6= 0.5% bio-activated Zn coated urea (ZnO) 

T7= 1% bio-activated Zn coated urea (ZnO)  

T8= 1.5% bio-activated Zn coated urea (ZnO) 

T9= 0.5% Zn blended urea (ZnO) 

T10= 1% Zn blended urea (ZnO) 

T11= 1.5% Zn blended urea (ZnO) 
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Fig. 4.9. Effect of different treatment on the fresh and dry root biomass (g/pot) of rice  

Bar showing same alphabets do not differ significantly (p<0.05) from each other 

(LSD for root fresh and dry biomass = 2.9052 and 0.6864 respectively) 

Treatments Description: 

T0= No Zinc  

T1= Recommended ZnSO4 

T2= ZSB (Zinc solubilizing bacteria) 

T3= 0.5% Zn coated urea (ZnO) 

T4= 1% Zn coated urea (ZnO) 

T5= 1.5% Zn coated urea (ZnO) 

T6= 0.5% bio-activated Zn coated urea (ZnO) 

T7= 1% bio-activated Zn coated urea (ZnO)  

T8= 1.5% bio-activated Zn coated urea (ZnO) 

T9= 0.5% Zn blended urea (ZnO) 

T10= 1% Zn blended urea (ZnO) 

T11= 1.5% Zn blended urea (ZnO) 
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4.2.4. 100 grains weight (g) 

 Data regarding the effect of different levels of bio-activated Zn coated, Zn coated 

and Zn blended urea compared to ZnSO4 on the 100 grains weight of rice have shown in 

Fig 4.10. The treatment in which 1.5% bio-activated Zn coated urea was applied showed 

61% increase as compare to control where no Zn was applied, and the results were 

statistically at par with ZnSO4. In the control treatment, 100 grains weight was 1.9 g, 

whereas 1.5% Zn coated urea and 1.5% Zn blended urea produced 3.05 g and 2.79 g 

respectively. The effect of ZSB with respect to control was statistically non-significant 

(p<0.05) 

  

4.2.5. Total paddy yield (g /pot) 

 The comparative effectiveness of different levels of bio-activated Zn coated, Zn 

coated and Zn blended urea compared to ZnSO4 on total paddy yield per pot is evident 

from Fig. 4.11. It was observed that the treatment in which 1.5% bio-activated Zn coated 

urea was applied showed maximum response and there was 61% increase as compared to 

control (no Zn). In the control total paddy yield was 5 g/pot which increased to 10.3 g/pot 

and 10.2 g/pot with 1.5% Zn coated urea and 1.5% Zn blended urea, respectively. The 

effect of ZSB with respect to control was statistically non-significant (p<0.05). 

Statistically significant effect of 1.5% bio-activated Zn coated urea was noted as 

compared to all other treatments. Almost 17.99% increase was noted with the use of 1.5% 

bio-activated Zn coated urea as compared to separate use of ZnSO4 and urea. 
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Fig. 4.10. Effect of zinc coated, blended and bio-activated Zn (ZnO) coated urea on 

100 grains weight (g) of rice 

Bar sharing the same letters do not differ significantly (p<0.05) 

(LSD= 0.3961) 

Treatments Description: 

T0= No Zinc  

T1= Recommended ZnSO4 

T2= ZSB (Zinc solubilizing bacteria) 

T3= 0.5% Zn coated urea (ZnO) 

T4= 1% Zn coated urea (ZnO) 

T5= 1.5% Zn coated urea (ZnO) 

T6= 0.5% bio-activated Zn coated urea (ZnO) 

T7= 1% bio-activated Zn coated urea (ZnO)  

T8= 1.5% bio-activated Zn coated urea (ZnO) 

T9= 0.5% Zn blended urea (ZnO) 

T10= 1% Zn blended urea (ZnO) 

T11= 1.5% Zn blended urea (ZnO) 
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Fig. 4.11. Effect of zinc coated, blended and bio-activated Zn (ZnO) coated urea on 

total paddy yield per pot of rice. 

Bar sharing the same letters do not differ significantly (p<0.05) 

(LSD= 0.5168) 

Treatments Description: 

T0= No Zinc  

T1= Recommended ZnSO4 

T2= ZSB (Zinc solubilizing bacteria) 

T3= 0.5% Zn coated urea (ZnO) 

T4= 1% Zn coated urea (ZnO) 

T5= 1.5% Zn coated urea (ZnO) 

T6= 0.5% bio-activated Zn coated urea (ZnO) 

T7= 1% bio-activated Zn coated urea (ZnO)  

T8= 1.5% bio-activated Zn coated urea (ZnO) 

T9= 0.5% Zn blended urea (ZnO) 

T10= 1% Zn blended urea (ZnO) 

T11= 1.5% Zn blended urea (ZnO) 
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4.2.6. Root, shoot and grain Zn and phytate contents of rice grown in pots 

 The data related to Zn concentration in root, shoot and grain of rice affected by 

different Zn treatments is shown in Table 4.3. The concentration of Zn in roots of plant 

receiving no Zn was found to be 14.5µg g-1. The bio-activated Zn coated urea showed 

better results as compared to control (no Zn) and also from recommended Zn (ZnSO4). It 

was found that 1.5% Zn coated urea and 1.5% blended urea significantly improved zinc 

acquisition ranged 32-36% in root as compared to control (No Zn). Zinc solubilizing 

bacterial strain AZ6 showed minimum increase in root zinc concentration that was 14.5% 

as compared to control. Zinc acquisition in the roots of rice was found statistically 

significant by the application of 1.5% bio-activated Zn coated urea and 73% increase was 

observed as compared to control and 10.5% as compared to recommended Zn in the form 

of ZnSO4. 

 The data of Zn acquisition pattern in shoot shows that shoot Zn concentration was 

significantly improved with the Zn application in rice. All treatments showed statistically 

significant results as compared to control but maximum Zn acquisition was observed 

where bio-activated Zn coated urea was applied at the rate of 1.5%. The percent increase 

was 14.6% with respect to recommended Zn (ZnSO4), in plants receiving with 1.5% bio-

activated Zn coated urea. The treatments where 1.5% Zn coated urea and 1.5% Zn 

blended urea was applied showed 68 and 56% increase, respectively as compare to 

control (no Zn)). Recommended Zn and 1% Zn coated urea showed almost similar 

results. The use of only ZSB showed 42% increase in shoot Zn concentration as 

compared to control. 

 The results regarding Zn concentration in the grains of rice showed that grain Zn 

concentration was increased significantly with the application of Zn as coating, blending 

and bio-activation (Table 4.3). It was observed that in all treatments the results were 

significant at (p<0.05) as compared to control. The concentration was increased from 20-

59% in different treatments; almost 86 and 75% increase was observed in 1.5% Zn coated 

and 1.5% Zn blended urea as compared to control. The treatment where ZSB was used 

showed almost 25% increase as compared to control where no Zn was applied. In the 

treatment 1.5% bio-activated Zn coated urea 22.8 percent increase was observed as 

compared to recommended Zn. 

 Data regarding phytate concentration (Table 4.3) showed that the application of 

zinc in Zn coating and blending on urea gave significant results, but the bio-activated Zn 

coated urea (1.5%) showed maximum results. The reducing trend in phytate concentration 
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was observed and maximum reduction in phytate contents were observed where 1.5% 

bio-activated Zn coated urea was applied. The percent decrease was 70.3 and 25% as 

compared to control and recommended Zn respectively. The Phytate/ Zn ratio was 

decrease due to the reduction in phytate contents with the application of Zn. In case of 

phytate/Zn recommended Zn (ZnSO4) and 1.5% Zn coated urea showed almost similar 

results and 12.5 value was observed. Maximum reduction in ratio was observed where 

1.5% bio-activated Zn coated urea was applied as compared to control and recommended 

Zn. 
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Table 4.3. Effect of different Zn treatments on the root, shoot and grain Zn and 

phytate concentration of rice 

Means sharing the same letters do not differ significantly (p<0.05)   

Values shows mean±SE 

 

 

 

Parameters 

Treatments Root Zn 

concentration 

(µg g-1) 

Shoot Zn 

concentration  

(µg g-1) 

Grain Zn 

concentration 

(µg g-1) 

Grain Phytate 

concentration 

(µg g-1) 

Phytate/ 

Zn 

 

No Zn 14.5±0.14  f 9.4±0.2 f 17.4±0.23  k 

 

1100±36.0 a 63±0.7 a 

 

Recommended 

Zn 

22.8±0.19 b 15.7±0.2 b 35±1.2 c 436±2.9 f 13±0.4 g 

ZSB 16.6±0.61 e 13.4±0.5 d 21.8±0.5 j 900±47.2  d 41±0.1 c 

 

0.5% Zn coated 

urea 

17.0±0.6 e 13.5±0.3 d 24.5±0.45 h 1095±2.4 a 45±0.1 b 

 

1% Zn coated 

urea 

18.6±0.2 d 14.3±0.17 c 28.5±0.44 f 

 

1009±1.7 bc 36±0.1 d 

1.5% Zn coated 

urea 

21.6±0.17 c 15.8±0.05 b 32.5±0.3 d 400±23.5 fg 13±0.4 g 

0.5% bio-

activated Zn 

coated urea 

17.5±0.12 e 12±0.6 e 39.8±0.12  b 1066±15.5 b 27±0.1 ef 

1% bio-activated 

Zn coated urea 

21.2±0.12 c 14.4±0.12  c 42.5±0.45  ab 736±2.9 e 17±0.2 f 

1.5% bio-

activated Zn 

coated urea 

25.2±0.12 a 18±0.6 a 43±0.6 a 326±0.5 g 7.6±0.1 i 

0.5% Zn blended 

urea 

16.8±0.12 e 12±0.57  e 22.5±0.3   i 960±2.4 cd 43±0.1 

bc 

1% Zn blended 

urea 

18.8±0.21  d 13.4±0.3 d 27.6±0.2 g 766±3.9 e 28±0.1 e 

1.5% Zn blended 

urea 

21.5±0.05 c 14.7±0.17 c 30.5±3.3 e 426±2.9 f 14±0.2 h 

LSD 0.96 0.61 0.76 76.57 2.51 
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Fig 4.12. Effect of different Zn treatments on the panicle initiation of rice 

No Zn 

application 
ZSB  

(Zn solubilizing 

bacteria) 

Recommended 

Zn (ZnSO4) 
1.5% Zn 

coated urea  

1.5% Bio-

actived Zn 

coated urea 
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Fig. 4.13. Effect of different Zn treatments on the root length and biomass of rice (pot experiment) 

No 

Zn 
ZSB 1.5%Zn 

coated 

urea 
Recommended  

Zn 

1.5% bio-

activated Zn 

coated urea 

0.5%  

blended 

urea 

1% Zn 

blended 

urea 

1.5% Zn 

blended 

urea 
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Study # 3:  

 4.3. Effect of different levels of Zn blended, zinc coated and bio-activated zinc 

coated urea on growth, yield and grain zinc concentration of wheat grown in pots 

 A pot experiment was conducted on the wheat crop to evaluate the effect of 

different levels of Zn coted, blended and bio-activated Zn (ZnO) coated urea on the 

growth, yield and Zn-bio-fortification in wheat grains. The results are given below: 

 

4.3.1. Growth parameters 

  A statistically significant effect was observed in all growth parameters with the 

application of Zn from different sources. Bio-activated Zn coated urea at the level of 

1.5% showed maximum results in the most of growth parameters (plant height, spike 

length, flag leaf length, no. of spikelets per spike and no. of tillers per plant). With the 

application of 1.5% bio-activated Zn coated urea showed 6.5, 1.6, 8, 6 and 10% increase 

in above mentioned growth parameters respectively as compare to ZnSO4. On the other 

hand the percent increase in plant height, spike length, flag leaf length, no. of spikelets 

per spike and no. of tillers per plant was 19, 34, 24.6, 37 and 37%, respectively as 

compare to control (no Zn) with 1.5% bio-activated Zn coated urea. In case of flag leaf 

length 1 and 1.5% bio-activated Zn coated urea showed almost similar results. 

Recommended Zn (ZnSO4) showed maximum value of spike weight per pot i.e. 62 g after 

that 1.5% bio-activated Zn coated urea showed 56 g of spike weight per pot. 

 The treatments where 1.5% Zn coated urea and 1.5% Zn blended urea was applied 

showed 107 and 108 cm value in case of plant height, 12.5 and 12 cm in spike length, 24 

and 23.5 cm of flag leaf length, 17 no. of spikelets per spike, 5 no. of tillers per plant and 

51.4 and 51 g of spike weight pot-1. 

 

4.3.2. Shoot biomass (g/ pot) 

 Different levels of Zn as coated, blended and bio-activated Zn coated urea had a 

significant effect on shoot biomass of wheat (Fig. 4.14). It was found that maximum 

increase occurred with the application of 1.5% bio-activated Zn coated urea, and the 

shoot biomass was 26.5 g pot-1. By the use of only ZSB, the results were significant at  

(p<0.05) while a statistically significant(p<0.05) results were found in those treatments 

where 1% Zn blended and 1.5% Zn blended urea was applied and shoot biomass was 23.2 

and 25g pot-1 was noted. After 1.5% bio-activated Zn coated urea recommended Zn 
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showed (25 g pot-1). While with the application of 1.5% bio-activated Zn coated urea 35% 

increase was obtained as compared to control (no Zn). 

 

4.3.3. Root fresh and dry biomass (g/pot) 

 Fig. 4.15 shows a significant effect of Zn application on the fresh and dry root 

biomass of wheat. From the results presented, it was clearly found that the effect of 

different levels of coating and bio-activation of Zn on urea was statistically significant 

(P<0.05). 1.5% bio-activated Zn coated urea showed maximum results both in root fresh 

and dry biomass. In case of root fresh biomass, the treatments where recommended Zn 

and 1.5% Zn coated urea was applied showed 14.5 and 15.7 g/pot biomass respectively, 

and 1% bio-activated Zn coated urea and 1.5% Zn blended urea showed 13.5 and 14.8 g 

root fresh biomass (g/pot), respectively. Almost similar trend was found in the root dry 

biomass and 1.5% bio-activated Zn coated urea showed maximum results (8.7 g/pot) after 

that recommended Zn (ZnSO4) showed 7.3 g/pot root dry biomass. As a comparison with 

recommended Zn (ZnSO4) about 17% increase was observed with the application of 1.5% 

bio-activated Zn coated urea. 
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Table 4.4. Effect of different levels of zinc blended, zinc coated and bio-activated 

zinc coated urea on growth parameters of wheat  

Treatments Plant 

height (cm) 

Spike 

length 

(cm) 

 

Flag leaf 

length 

(cm) 

No. of 

spikelets per 

spike 

No. of 

tillers per 

plant 

Spike 

weight 

per pot 

(g) 

No Zn 91±2.6 de 

 

 

9.3±0.18 d 19.5±0.29 d 13.7±0.3 g 4.7±0.1de 38.7±0.7 h 

Recommended 

Zn 

101±3.4  c 12.3±0.17 a 22.5±0.58  c 20.4±0.4 b 6.7±0.2  ab 62±0.6 a 

ZSB 85±2.8 f 9.5±0.29 d 21.8±0.2 c 15.7±0.3  f 7.4±0.5 a 42±1.7  g 

0.5% Zn coated 

urea 

90±2.9  e 10.3±0.18 c 22.5±0.6  c 16.7±0.4 de 4.4±0.3  ef 46±1.7  ef 

1% Zn coated 

urea 

107±1.2 b 11.3±0.17  

b 

24±2.9 ab 17.4±0.2 cd 4.7±0.2 de 50±2.9 cd 

1.5% Zn coated 

urea 

107.9±0.3  ab 12.3±0.18  

a 

24±0.6 ab 17.7±0.3 c 5.4±0.2 cd 51.4±0.6 c 

0.5% bio-

activated Zn 

coated urea 

91.7±0.2 d 10.3±0.17 c 23.5±0.6 b 18±0.3  c 4.7±0.2 de 47.7±0.6 

de 

1% bio-activated 

Zn coated urea 

108±1.8 ab 11.3±0.18 b 24±1.3 a 17.7±0.2  c 6.7±0.2  ab 52±1.2  c 

1.5% bio-

activated Zn 

coated urea 

108.4±0.2 a 12.5±0.29 a 24.3±2.9 ab 21.7±0.2 a 7.4±0.3 a 56±1.8 b 

0.5% Zn blended 

urea 

90.3±0.2 e 11.3±0.18 b 22.5±0.9  c 17±0.3  cde 4.4±0.3  ef 44.7±0.2  

fg 

1% Zn blended 

urea 

107.3±0.2  

ab 

12±0.29  a 23.5±0.9  ab 16.4±0.3  ef 4.7±0.2 de 47±1.2  ef 

1.5% Zn blended 

urea 

108.5 a 12.1±0.16 a 23.5±1.9  ab 17.6±0.2  c 5.4±0.1 cd 51±2.4 c 

LSD 1.2697 

 

0.4343 0.8455 0.2111 0.7944 2.4645 

Means sharing the same letters within column do not differ significantly (P<0.05) 

Values shows mean±SE 
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Fig. 4.14. Effect of different Zn treatments on shoot biomass (g/pot) of wheat 

Bars sharing the same letters do not differ significantly (P<0.05), (LSD= 1.4269) 

Treatments Description: 

T0= No Zinc  

T1= Recommended ZnSO4 

T2= ZSB (Zinc solubilizing bacteria) 

T3= 0.5% Zn coated urea (ZnO) 

T4= 1% Zn coated urea (ZnO) 

T5= 1.5% Zn coated urea (ZnO) 

T6= 0.5% bio-activated Zn coated urea (ZnO) 

T7= 1% bio-activated Zn coated urea (ZnO)  

T8= 1.5% bio-activated Zn coated urea (ZnO) 

T9= 0.5% Zn blended urea (ZnO) 

T10= 1% Zn blended urea (ZnO) 

T11= 1.5% Zn blended urea (ZnO) 
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Fig. 4.15. Effect of different Zn treatments on root fresh and dry biomass (g/pot) of wheat 

Bars sharing the same letters do not differ significantly (P≤0.05), (LSD for root fresh and dry biomass= 3.4214 and 0.2966) 

Treatments Description: 

T0= No Zinc  

T1= Recommended ZnSO4 

T2= ZSB (Zinc solubilizing bacteria) 

T3= 0.5% Zn coated urea (ZnO) 

T4= 1% Zn coated urea (ZnO) 

T5= 1.5% Zn coated urea (ZnO) 

T6= 0.5% bio-activated Zn coated urea (ZnO) 

T7= 1% bio-activated Zn coated urea (ZnO)  

T8= 1.5% bio-activated Zn coated urea (ZnO) 

T9= 0.5% Zn blended urea (ZnO) 

T10= 1% Zn blended urea (ZnO) 

T11= 1.5% Zn blended urea (ZnO) 
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4.3.4. Grains yield (g/ pot) 

 Different levels of Zn coated, blended and bio-activated Zn coated urea (0.5, 1 and 

1.5%) was used and a significant effect was found on grain yield of pot grown wheat (Fig 

4.16). From the results, it was clear that grains yield of wheat was increased under 

different levels of Zn. Regarding statistically significant effect of the different levels of 

Zn, the maximum grains yield (12 g/pot) was recorded with the application of 1.5% bio-

activated Zn coated urea while that of the minimum (7.5 g/ pot) was noted where no Zn 

was applied. An increase of 39% was noted with 1.5% bio-activated Zn coated urea 

compared to control. As a comparison 5.6% increase was obtained with the application of 

1.5% bio-activated Zn coated urea vs. recommended Zn (ZnSO4). Statistically significant 

results were observed in the treatments where 1.5% Zn coated and 1.5% Zn blended urea 

were applied, and 10 and 9 g pot-1 of yield was obtained respectively. 1% bio-activated 

Zn coated urea, 1.5% Zn coated and 1.5% Zn blended urea showed statistically non-

significant results with respect to each other while significant with respect to control 

where no Zn was applied. On the other hand 0.5% bio-activated and 1% Zn coated urea 

showed almost similar results. The treatment where only ZSB was applied showed 11.7% 

increase in grains yield as compared to control where no Zn was used. 

 

4.3.5. Root, shoot and grain Zn and phytate contents of wheat  

 Data presented in the Table 4.5 showed the effect of different levels of Zn coated, 

blended and bio-activated Zn coated urea on root, shoot and grain zinc and phytate 

content of wheat. All the Zn treatments had significant (P<0.05) effect on the grain Zn 

concentration compared to no Zn application. The applications of 1.5% bio-activated Zn 

coated urea showed maximum increase in grains Zn concentration; it was 59% increase as 

compared to control. The percent increase in grains Zn concentration as compared to 

recommended Zn (ZnSO4) was 16.9, with the application of 1.5% bio-activated Zn coated 

urea. On the other hand about 33.8% decreases in phytate: Zn ratio was observed in the 

same treatment (Table 4.5) as compared recommended Zn (ZnSO4). The treatments 

where 1.5% Zn coated urea was applied showed 5.7% increase in grain Zn concentration 

as compared to control. The treatment where only ZSB was applied showed 17% increase 

and 26.2% decrease in grain Zn concentration and phytate:Zn ratio, respectively. 

 The data related to Zn concentration in the roots of wheat revealed that root Zn 

concentration was found to be significantly increased with the Zn application (Table 4.5). 
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The bio-activation of Zn coated urea showed the best results in this aspect as compared to 

control where no Zn was applied and also from recommended Zn (ZnSO4). It was found 

that 1.5% Zn coated urea and 1.5% blended urea significantly improved Zn acquisition 

ranged 32-36% in root as compared to control (No Zn). Zinc solubilizing bacterium 

Bacillus sp. AZ6 showed minimum increase in root Zn concentration that was 27.7% 

compared to control. Zinc acquisition in the roots of rice was found statistically 

significant by the application of 1.5% bio-activated Zn coated urea and 94% increase was 

observed as compared to control and 21.4% as compare to recommended Zn in the form 

of ZnSO4. 

 The data of zinc acquisition pattern in shoot of wheat showed that shoot Zn 

concentration was significantly improved with Zn application in wheat (Table 4.5). All 

Zn treatments showed statistically significant results as compared to control but 

maximum Zn acquisition was observed where bio-activated Zn coated urea was applied at 

the rate of 1.5%, and percent increase was 83 and 12.8% with respect to control and 

recommended Zn (ZnSO4), respectively. The treatments where 1.5% Zn coated urea and 

1.5% Zn blended urea were applied showed 71 and 0.6% increase, respectively as 

compared to control. 
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Fig. 4.16. Effect of different Zn treatment on grain yield (g/pot) of wheat. 

Bar showing the same alphabets are statistically (p<0.05) similar, (LSD= 0.5089) 

Treatments Description: 

T0= No Zinc  

T1= Recommended ZnSO4 

T2= ZSB (Zinc solubilizing bacteria) 

T3= 0.5% Zn coated urea (ZnO) 

T4= 1% Zn coated urea (ZnO) 

T5= 1.5% Zn coated urea (ZnO) 

T6= 0.5% bio-activated Zn coated urea (ZnO) 

T7= 1% bio-activated Zn coated urea (ZnO)  

T8= 1.5% bio-activated Zn coated urea (ZnO) 

T9= 0.5% Zn blended urea (ZnO) 

T10= 1% Zn blended urea (ZnO) 

T11= 1.5% Zn blended urea (ZnO) 
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Fig. 4.17. Effect of Zn coated, bio-activated Zn coated and Zn blended urea on the growth of wheat. 

No Zn 
       ZnSO4 

1.5% bio-

activated Zn 

coated urea 

1% bio-activated 

Zn coated urea  

1% Zncoated urea 
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Table 4.5. Effect of Zn coated, bio-activated Zn coated and Zn blended urea on the 

root, shoot and grain Zn and phytate concentration of wheat. 

Means sharing the same letters within same column do not differ significantly (P<0.05) 

Values shows mean±SE 

 

 

 

 

Treatments 

 

Root Zn 

concentration 

(µg g-1) 

Shoot Zn 

concentration 

(µg g-1) 

Grain Zn 

concentration 

(µg g-1) 

Grain 

Phytate 

concentration 

(µg g-1) 

Phytate/ 

Zn 

 

No Zn 13.7±0.3  f 9.6±0.2 f 17.5±0.3 k 

 

1099±30.4 a 62.8±1.3 a 

 

Recommended 

Zn 

21.9±0.8 b 15.6±0.6 b 36.5±3.4 c 433.6±19.3 f 11.8±0.2 h 

ZSB 17.5±0.3 e 12.9±0.2 d 20.5±0.3 e 950±29  d 46.3±0.7 b 

 

0.5% Zn 

coated urea 

17.5±0.2 e 13.4±0.3 d 28.2±1.9 e 1090±34 a 38.7±0.5 d 

 

1% Zn coated 

urea 

19±1.2 d 13.7±0.6 c 38.5±1.5 b 

 

1009.3±0.2 bc 26.2±0.7  e 

1.5% Zn 

coated urea 

20.7±0.2 c 16.5±0.3 b 18.5±0.3 f 450±28.8 fg 24.3±1 i 

0.5% bio-

activated Zn 

coated urea 

17.6±0.2 e 13±0.6 e 38.6±0.2 b 1068.5±5 b 27.7±0.2 e 

1% bio-

activated Zn 

coated urea 

22.6±0.2 c 14.5±0.3  c 42.5±0.3  ab 740.65±15 e 17.4±0.7 g 

1.5% bio-

activated Zn 

coated urea 

26.6±0.2 a 17.6±0.2 a 42.7±0.2 a 330.66±17 g 7.8±0.4 j 

0.5% Zn 

blended urea 

15.9±1.2 e 12±0.5  e 20.5±0.3 e 965±17 cd 47±1.2 c 

1% Zn 

blended urea 

18.6±0.3  d 13.4±0.3 d 35.5±1.6 c 768.7±6 e 21.6±0.7 f 

1.5% Zn 

blended urea 

22±1.6 c 15.5±0.8 c 38.5±1.6  b 430.7±5 f 11.2±0.7 i 

LSD 0.3998 0.5692 1.1190 73.723 1.0128 
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Study # 4  

 4.4. Comparative effectiveness of the optimum level of zinc blended, zinc 

coated and bio-activated zinc coated urea in enhancing growth, yield, physiological, 

quality and bio-chemical parameters under field conditions in rice 

 From the pot experiments on rice and wheat crops it was found that 1.5% Zn 

coated urea, Zn blended urea and bio-activated Zn coated urea performed better in 

enhancing growth, chemical and yield parameters compared to other levels. So, these 

levels one from each Zn coated urea, Zn blended urea and bio-activated Zn coated urea 

was further evaluated under field conditions along with recommended ZnSO4
. 

 A field experiment on rice crop was conducted in the farm area of Institute of Soil 

and Environmental Sciences, University of Agriculture, Faisalabad, Pakistan. The 

comparative effectiveness of the optimum level of Zn blended, Zn coated and bio-

activated Zn coated urea was evaluated for growth, yield, physiological, quality and bio-

chemical parameters under field conditions for rice crop. 

 

4.4.1. Growth parameters 

 Fig. 4.18a showed effect of different Zn treatments on plant height as compared to 

control where no Zn was applied. All treatments i.e. Zn coated, Zn blended and bio-

activated Zn coated urea showed statistically significant (P<0.05) results but the 

maximum results were obtained in the treatment where 1.5% bio-activated Zn coated urea 

was applied, there was 23 and 2.5% increase as compared to control and recommended 

ZnSO4 respectively. With the application of recommended Zn, 1.5% Zn coated and 1.5% 

Zn blended urea 21.05, 20.45 and 16% increase respectively was observed as compared to 

control. While the treatment where only ZSB was used showed 4.5% increase with 

respect to control. 

 The data regarding the impact of different treatments of Zn application on the 

panicle length (cm) of rice (Fig 4.18 b), the treatment where 1.5% bio-activated Zn coated 

urea was applied showed maximum length. After that the treatment where 1.5% Zn 

coated urea and 1.5% Zn blended urea was applied showed 17.3 and 9.5% increase with 

respect to control where no Zn was applied. The application of ZSB also responds well 

and percent increase was 5 as compared to control. The plots which receive recommended 

Zn (ZnSO4) showed 20.8% increase as compared to control (no Zn). As a comparison 
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1.5% bio-activated Zn coated urea showed 4% increase as compared to recommended Zn 

(ZnSO4). 

 The data regarding the impact of Zn application on 100 grains weight (g) of rice 

was shown in Fig 4.18c. From the data it is clear that all treatments where ZSB, 

recommended Zn, 1.5% Zn coated urea 1.5% bio-activated Zn coated urea and 1.5% Zn 

blended urea was applied showed statistically significant (P<0.05) results as compared to 

control and the percent increase were 2.29, 5.5, 10.9, 12.8 and 10.05%, respectively. 

From the Fig 4.18c it was clearly indicated that maximum increase was observed in the 

treatment where 1.5% bio-activated Zn coated urea was applied and minimum results 

were taken where no Zn was applied (control). The percent increase as compare to 

recommended Zn (ZnSO4) was 7.6%, with the application of 1.5% bio-activated Zn 

coated urea. 
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Fig. 4.18 (a, b & c) Comparative effectiveness of the optimum level of zinc blended, 

zinc coated and bio-activated zinc coated urea with respect to growth parameters of 

rice.  

(LSD for plant height, panicle length and 100 grains weight= 8.3765, 3.0668 and 0.3233 

respectively) 

Bar sharing the same letters do not differ significantly (P<0.05) from each other 

Treatments Description: 

T0= No Zn 

T1= Recommended Zn (ZnSO4) 

T2= ZSB 

T3= 1.5% Zn coated urea (ZnO) 

T4= 1.5% bio-activated Zn coated urea (ZnO) 

T5= 1.5% Zn blended urea (ZnO) 

 

 

 

a b 
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4.4.2. Physiological Parameters 

4.4.2.1. Chlorophyll contents (mg/g) 

 

 The impact of different Zn treatment on the chlorophyll content (mg g-1) of rice is 

presented in Table 4.6. The applications of 1.5% bio-activated Zn coated urea 

significantly (P<0.05) increased the chlorophyll contents (both a and b) of rice as 

compared to 1.5% Zn coated urea and 4.7% increase was observed in case of chlorophyll 

a and 7.3% in chlorophyll b. If we compare it with control where no Zn was applied, the 

application of 1.5% bio-activated Zn coated urea showed 102% increase in chlorophyll a 

and 37% in chlorophyll b. The treatment where only ZSB was applied showed 41 and 

12.6% increase in chlorophyll a and b respectively as compared to control (no Zn). The 

use of recommended Zn (ZnSO4) showed 77 and 12.7% increase as compared to control 

respectively. On the other hand, in the case of cholorophyll a, 7.2% increase by the 

application of 1.5% Zn coated urea as compare to 1.5% Zn blended urea was observed. 

With the application of 1.5% bio-activated Zn (ZnO) coated urea showed 2.5% increase 

in chlorophyll a contents as compared to Zn (ZnSO4). 

 

4.4.2.2. Carotenoid contents (mg/g) 

 A statistically significant effect (P<0.05) of Zn application as Zn coated, blended 

and bio-activated Zn coated urea on carotenoid contents (mg g-1) of rice was noted (Table 

4.6). The results indicated that all treatments showed statistically significant results as 

compared to control. But 1.5% bio-activated Zn coated urea showed maximum results 

and it was almost 57% increase as compared to recommended Zn (ZnSO4). The 

treatments where 1.5% Zn coated urea and 1.5% Zn blended urea was applied showed 44 

increase with respect to control (no Zn). By the application of ZSB, 28.5% increase in 

carotenoid contents was observed. 

 

4.4.2.3. Stomatal conductance (µmolm-2s-1) and Sub-stomatal CO2 concentration 

(μmol mol-1) 

 The stomatal conductance was improved with the application of Zn (Table 4.6), 

but maximum stomatal conductance was observed with the application of 1.5% bio-

activated Zn coated urea. There was 46 and 31% increase as compared to control and 

recommended Zn (ZnSO4), respectively with the application of 1.5% bio-activated Zn 
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coated urea. The maximum and minimum value of sub stomatal CO2 concentration was 

observed in the treatments where no Zn and 1.5% bio-activated Zn coated urea, 

respectively was applied. The decreasing trend was observed in sub-stomatal conductance 

and maximum reduction was observed in 1.5% bio-activated Zn coated urea as compared 

to control where no Zn was applied. The treatment where only ZSB was applied showed 

9.9% decrease in sub stomatal CO2 concentration as compared to control. Recommended 

Zn, 1.5% bio-activated Zn coated urea, 1.5% Zn coated urea and 1.5% Zn blended urea 

reduces 54, 87, 85 and 53%, respectively. 

 

4.4.2.4. Photosynthetic rate A (μmol m-2 s-1) 

 The data regarding the impact of different treatments of Zn application on the 

photosynthetic rate (μmol m-2 s-1) of rice is shown in Table 4.6. It was found that plant 

receiving 1.5% bio-activated Zn coated urea showed maximum photosynthetic rate. After 

that the treatment where 1.5% Zn coated urea and 1.5% Zn blended urea was applied 

showed 47 and 42.5% increase with respect to control where no Zn was applied. The 

application of ZSB also responds well and percent increase was 29% as compared to 

control. The plots which receive recommended Zn (ZnSO4) showed 40% increase with 

respect to control. The percent increase was 20 obtained with the application of 1.5% bio-

activated Zn coated urea as compared to recommended Zn (ZnSO4). 

 

4.4.2.5. Transpiration rate E (mmol H2Om-2 s-1) 

 The maximum response in transpiration rate (38.5%) was recorded with the 

application of 1.5% bio-activated Zn coated urea as compared to control where no Zn was 

applied (Table 4.6). The application of recommended Zn (ZnSO4) showed 30% increase 

in transpiration rate with respect to control. 1.5% bio-activated Zn coated urea showed 

11.5% increase as compared to recommended Zn (ZnSO4). On the other hand,36  increase 

was observed in 1.5% Zn coated and 1.5% Zn blended urea. ZSB showed 30% increase 

with respect to control. 

 

4.4.2.6. Water use efficiency A/E (μmol m-2 s-1/mmol H2O m-2 s-1) 

  A statistically significant effect was observed by the application of Zn in the form 

of Zn coated, blended and bio-activated Zn coated urea (Table. 4.6). All treatments 

showed statistically significant results as compared to control (P<0.05), while 1.5% bio-
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activated Zn coated urea showed maximum results in case of water use efficiency. Almost 

similar results were obtained in 1.5% Zn blended and 1.5% Zn coated urea and there was 

27.7% increase as compared to control. An increase of 18.7% was noted with the 

application of ZSB. About 16% increase was observed with 1.5% bio-activated Zn coated 

urea as compared to Zn (ZnSO4). 

 In all physiological parameters of rice crop 1 to 15 percent increase was observed 

with the application of 1.5% bio-activated Zn (ZnO) coated urea as compared to 

recommended Zn (ZnSO4). 

 

4.4.3. Quality Parameters 

4.4.3.1. Ash contents (%) 

 Data in table 4.7 clearly indicates that different methods of Zn application showed 

statistically significant results (P<0.05) as compared to control where no Zn was applied. 

The maximum ash contents (6.7%) were recorded with the application of 1.5% bio-

activated Zn coated urea and it was 55% increase as compared to control. It was observed 

that application of 1.5% Zn coated urea, recommended Zn (ZnSO4), 1.5% Zn blended 

urea and ZSB showed 6.3, 6, 5 and 4% ash contents, respectively. In these treatments 52, 

50, 40 and 20% increase, respectively was observed compared to control. 

  

4.4.3.2. Moisture contents (%) 

 The data presented in table 4.7 depicts that all treatments had a statistically 

significant effect (P<0.05) on the moisture contents (%) of rice as compared to control. 

The maximum moisture contents were observed in control where no Zn was applied and 

minimum in the treatment where 1.5% bio-activated Zn coated urea was applied and 

percent decrease was observed as 34.7%. On the other hand the treatments where 1.5% 

Zn coated urea and 1.5% Zn blended urea were applied showed 20 and 8.5% decrease as 

compared to control where no Zn was applied. The treatment where ZSB was applied 

showed 10.8% decrease as compared to control (no Zn). 

 

4.4.3.3. Dry matter contents (%)    

 The data regarding dry matter contents of rice with the application of Zn in the 

form of Zn coated, Zn blended and bio-activated Zn coated urea is shown in were table 

4.7). It was found that Zn impregnated urea showed statistically significant effect in the 



88 

 

dry matter contents as compared to control. The treatment where 1.5% bio-activated Zn 

coated urea was applied showed maximum increase in dry matter contents (%) and the % 

increase was 3.6 with respect to control. The treatments where 1.5% Zn coated urea and 

1.5% Zn blended urea was applied showed 2.2 and 0.9% increase respectively as 

compared to control. The application of ZSB showed almost 0.98% increases as 

compared to control. On the other hand the application of 1.5% bio-activated Zn coated 

urea showed 0.6% increase with respect to recommended Zn (ZnSO4). 

 

4.4.3.4. Oil contents (%) 

 A statistically significant effect (P<0.05) of Zn application was observed in case 

of oil contents (%) in rice. All treatments i.e. 1.5% Zn coated urea, 1.5% bio-activated Zn 

coated urea and 1.5% Zn blended urea showed statistically significant effect as compared 

to control where no Zn was applied. Table 4.7 showed that the application of 1.5% bio-

activated Zn coated urea showed maximum results as compared to control and the percent 

increase was 50. On the other hand 1.5% Zn coated urea showed 24% increase as 

compare to 1.5% Zn blended urea. The recommended Zn showed .07% oil contents which 

were .045 and .04% in case of ZSB and control (no Zn) respectively. 

 

4.4.3.5. Nitrogen concentration (%) 

 Like all other quality parameters, in case of nitrogen contents (%) the application 

of Zn showed statistically significant results (P<0.05) as compare to control (no Zn). The 

application of recommended Zn (ZnSO4) showed 2.4% nitrogen contents. While the 

treatments where ZSB, 1.5% Zn coated urea, 1.5% bio-activated Zn coated urea and 1.5% 

Zn blended urea was applied showed 2.1, 2.4, 2.5 and 2.4% nitrogen contents 

respectively. The table 4.7 clearly showed that all treatments indicated significant effect 

of Zn on nitrogen contents of grains. 

 

4.4.3.6. Protein contents (%) 

 The application of bio-activated Zn coated urea at the level of 1.5% showed 

maximum results in case of protein contents (15.7%) and the percent increase was 24% as 

compared to control where no Zn was applied. The treatments where 1.5% Zn coated and 

1.5% Zn blended urea was applied showed 15% protein contents and the percentage 

increase was 21% as compared to control. The treatment where recommended Zn 
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(ZnSO4) was applied showed similar results as in 1.5% Zn blended urea. With the 

application of 1.5% bio-activated Zn coated urea 4.4% increase as compared to 

recommended Zn (ZnSO4). 

 In all above mentioned quality parameters showed almost 4 to 15 percent increase 

by the use of 1.5% bio-activated Zn (ZnO) coated urea as compared to Zn (ZnSO4). 
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 4.6. Comparative effectiveness of the optimum level of zinc blended, zinc coated and bio-activated zinc coated urea with respect to 

physiological parameters of rice. 

Treatment Cholorophyll  

a (mg g-1) 

 

Cholorophyll  

b (mg g-1) 

 

Carotinoides 

(mg g-1) 

Stomatal 

conductance 

(µmol-2s-1) 

Sub 

stomatal 

CO2 

(µmol mol
-1)

 

 

Photosyntheti

c rate (A) 

(µmol m-1 S-1) 

Transpiration 

rate  (E) 

(mmol H2O m-2 

S-1) 

Water use 

efficiency 

(A/E) 

(μmol m-2 

S-1/mmol 

H2O m-2 S-

1) 

 

No Zn 20.5±0.45 e 19±0.5 e 0.5±0.03 b 60.6±0.2 f 370.4±29.8 

a 

5.4±0.2 d 1.6±0.2 b 

 

2.6±0.2 c 

Recommended 

Zn 

 

40.5±0.2 c 23.4±0.6 c 0.8±0.05 b 88.2±0.2 d 240±11.5 c 9.0±1.2 bc 2.5±0.4 a 3.6±0.2 b 

ZSB 

 
29±0.5 d 21.4±0.3 d 0.7±0.2 b 76.6±0.6 e 336.6±3.5 b 7.7±0.2  c 2.3±0.2 a 3.2±0.1  b 

1.5% Zn 

coated urea 
42.5±0.5 b 24.4±0.2 b 0.9±0.06 b 101.5±0.3 b 199.3±0.6 d 10.2±0.2 ab 2.5±0.3 a 3.6±0.06  

b 

1.5% 

bioactivated 

Zn coated urea  

 

44.5±2.5 a 26.2±0.2 a 1.9±0.2 a 112.6±1.7 a 197±1.2 d 11.2±0.2 a 2.6±0.1 a 4.3±0.2  a 

1.5% Zn 

blended urea 
41.5±0.8 bc 24.2±0.1 b 0.9±0.18 b 94.5±0.5 c 241.3±0.7 c 9.4±0.3 b 2.5±0.1 a 3.6±0.3 b 

LSD 1.6350 0.3338 0.4097 0.5088 9.9923 1.5031 0.5181 0.4248 

Means sharing the same letters within the column do not differ significantly (P<0.05)  

Values shows mean±SE 

 

 



91 

 

 

4.7. Comparative effectiveness of the optimum level of zinc blended, zinc coated and bio-activated zinc coated urea with respect to 

quality parameters of rice 
Treatment Ash contents 

(%) 

 

Moisture contents 

(%) 

 

Dry matter contents 

(%) 

 

Oil contents (%) Protein contents 

(%) 

Nitrogen 

concentration (%) 

 

No Zn 

3±0.1 d 9.2±0.04 a 90.6±0.2 c 0.04±0.002 c 11.9±0.6 b 

 

1.9±0.3 c 

Recommended Zn 

 

6±0.05 a 6.4±0.09 d 93.4±1.9 a 0.07±0.002 ab 15±1.2 a 

 

 

 

 

2.4±0.2 ab 

ZSB 

4±0.02 c 8.3±0.2 b 91.7±0.6 bc 0.05±0.002 bc 13±0.6 b 

 

 

2.1±0.06 bc 

1.5% Zn coated 

urea 

6.3±0.02 a 7.3±0.2 c 92.7±0.7 ab 0.08±0.005 a 15±0.3 a 

 

 

 

2.5±0.3 a 

1.5% bio-activated 

Zn coated urea 

6.7±0.1 a 6±0.09  d 94±1.7 a 0.08±0.005 a 15.7±0.2 a 

 

 

 

 

 

2.5±0.5 a 

1.5% Zn blended 

urea 

5±0.2 b 8.5±0.3 b 91.5±0.8 bc 0.06±0.006 abc 15±0.6  a 

 

 

 

2.4±0.2 ab 

 

LSD 0.8277 0.5448 1.5423 0.0279 1.9102 

 

0.3186 

Means sharing the same letters within the column do not differ significantly (P<0.05) 

Values shows mean±SE 
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4.4.4. Effect of Zn treatments on Grain Zn and phytate concentration under field 

conditions in rice 

4.4.4.1. Zn contents in grains 

 Data pertaining to the Zn concentration in rice grains as affected by different 

Zn treatments is presented in Table 4.8. The results showed that all treatments 

produced significantly different Zn concentrations in grains compared to no Zn 

application. The maximum Zn concentration of 45 µg g-1 was recorded in the grain of 

plants that receive 1.5% bio-activated Zn coated urea followed by 43 µg g-1 found in 

1.5% Zn coated urea treated plants. Minimum Zn concentration was observed in the 

treatment where no Zn was applied. There was no significant difference in Zn 

concentration of grains where 1.5% Zn coated and 1.5% Zn blended urea was applied. 

About 44 µg g-1 of Zn was observed where recommended Zn was applied. About 

2.2% increase was observed as compared to recommended Zn (ZnSO4), with the 

application of 1.5% bio-activated Zn coated urea. 

4.4.4.2. Phytate concentration in grains 

 Data related to phytate concentration in grains as presented in Table 4.8 

revealed that the treatments where 1.5% bio-activated Zn coated urea was applied 

showed maximum grains Zn, whereas minimum phytate concentration was observed 

with this treatment. The maximum phytate concentration of 1200 µg g-1 was observed 

in control plants. The treatments where 1.5% Zn coated and 1.5% Zn blended urea 

was applied showed 700 µg g-1 and 750 µg g-1) phytate contents, respectively. With 

the application of recommended Zn (ZnSO4), phytate concentration was 420 µg g-1. 

ZSB reduce phytate concentration up to 950 µg g-1 and the percent decrease in case of 

ZSB as compared to control was 26%. 

4.4.4.3. Phytate/Zn 

 The results related to phytate/Zn showed almost similar trend as in phytate 

concentration in grains (Table 4.8.). In different treatments, different values ranged 8-

34 were observed. Maximum phytate/Zn was observed in control (34.2) with no Zn. 

After that the plot which receives ZSB (Bacillus sp.) showed 25 value and the percent 

decrease with respect to control was 26%. Minimum phytate/Zn was obtained by 

1.5% bio-activated Zn coated urea. The treatments where 1.5% Zn coated and 1.5% 

Zn blended urea was applied showed 16.27 and 17.04 phytate/Zn respectively. With 

the application of recommended Zn 9.5 phytate/Zn was observed. 
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Table. 4.8. Comparative effectiveness of the optimum level of zinc blended, zinc 

coated and bio-activated zinc coated urea on Zn and phytate contents of rice grains 

Treatments Zn in grains 

µg g-1 

Phytate in grains 

µg g-1 

Phytate/Zn ratio 

No Zn 35±0.8 e 1200±3.7  a 34.2±0.2 a 

Recommended Zn 

44±1.2 b 420±4.7 d 

 

9.5±0.3 d 

ZSB 38±0.5 d 950±0.9  b 25±1.8 b 

1.5% Zn coated urea 

43.2±1 c 700±37.7  c 

 

16.27±0.5 c 

1.5% bioactivated Zn 

coated urea 

45±1.7 a 350±7 d 

 

 

7.77±0.6 e 

1.5% Zn blended 

urea 42.2±0.7 c 750±4.8  c 

 

17.04±1 c 

 

LSD 1.000 148.54 

 

1.4944 

Data is shown as mean of Three replications± S.E 

Means sharing the same letters within the column do not differ significantly (P<0.05) 
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4.4.5. Electrolyte leakage 

 Regarding the effect of Zn application in the form of Zn coated, Zn blended, bio-

activated Zn coated urea and ZSB (Bacillus sp.), a statistically significant (P<0.05) 

results in the electrolyte leakage of rice was recorded (Fig. 4.19). The maximum 

electrolyte leakage was observed in the control where no Zn was applied, and minimum 

value of electrolyte leakage was noted in 1.5% bio-activated Zn coated urea. In 1.5% bio-

activated Zn coated urea 45% decrease as compare to control was observed. The 

treatments with 1.5% Zn coated and 1.5% Zn blended urea was applied showed 30 and 

50% decrease as compare to control. The application of recommended Zn (ZnSO4) 

showed 28% electrolyte leakage. 

  

4.4.6. Carbonic anhydrase activity 

 The results presented in Fig 4.20 showed that the application of Zn significantly 

increased the carbonic anhydrase activity of rice crop as compared to control (no Zn). 

Maximum activity in case of carbonic anhydrase was obtained in the treatment where 

1.5% bio-activated Zn coated urea was applied (405 umol CO2/kg/s) and it was 40 and 

6.1% increase as compared to control and recommended Zn (ZnSO4) respectively. In 

control its value was recorded (240 umol CO2/kg/s). After that the application of ZSB 

(Bacillus sp.) showed 280 umol CO2/kg/s value and it was 14% increase as compared to 

control. The treatments where 1.5% Zn coated and 1.5% Zn blended urea was applied 

showed 395 and 270 umol CO2/kg/s carbonic anhydrase activity respectively. 

Recommended Zn (ZnSO4) showed almost 36% increase with respect to control. 

 

4.4.7. Biomass (tons/ha) 

 The impact of different treatments of Zn application showed statistically 

significant results (P<0.05) as compared to control (no Zn) as shown in Fig 4.21. The 

recommended dose of Zn (ZnSO4) showed 13.8 tons ha-1 biomass while in control the 

biomass was 10 tons ha-1. On the other hand the treatment with 1.5% bio-activated Zn 

coated urea showed 31% increase as compared to control (no Zn). The treatments with 

1.5% Zn coated and 1.5% Zn blended urea was applied showed 14.25 and 14 tons ha-1 

biomass. With the application of only ZSB (Bacillus sp.) the biomass production was 

10.25 tons ha-1. 
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4.4.8. Grain yield (tons/ ha) 

 A statistically significant (fig. 4.22) effect of Zn application was observed in the 

form of Zn blended, Zn coated and bio-activated Zn coated urea. The grain yield of rice is 

very important parameter in this aspect, the application of 1.5% bio-activated Zn coated 

urea showed maximum results, in this the percent increase was 23.5 as compared to 

control (no Zn). On the other hand the treatment with recommended Zn and 1.5% Zn 

coated urea showed almost similar results i.e. 4.5 tons ha-1 grains yield. After that the 

treatment where 1.5% Zn blended urea was applied showed 4.3 tons/ha grains yield of 

rice. Only Zn solubilizing bacteria showed 3.6 while control showed 3.5 tons ha-1 grains 

yield of rice. Almost 1.5 % increase was observed with 1.5% bio-activated Zn (ZnO) 

coated urea as compared to recommended Zn (ZnSO4). 
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 Fig. 4.19. Comparative effectiveness of different Zn treatments on electrolyte 

leakage of rice  

Bar showing the same letters do not differ significantly (P<0.05) 

 (LSD= 3.7579) 

Treatment Description: 

T0= No Zn 

T1= Recommended Zn (ZnSO4) 

T2= ZSB 

T3= 1.5% Zn coated urea (ZnO) 

T4= 1.5% bio-activated Zn coated urea (ZnO) 

T5= 1.5% Zn blended urea (ZnO) 
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Fig. 4.20. Comparative effectiveness of different Zn treatments on carbonic 

anhydrase activity of rice 

Bar showing the same letters do not differ significantly (P<0.05) 

(LSD= 22.771) 

Treatment Description: 

T0= No Zn 

T1= Recommended Zn (ZnSO4) 

T2= ZSB 

T3= 1.5% Zn coated urea (ZnO) 

T4= 1.5% bio-activated Zn coated urea (ZnO) 

T5= 1.5% Zn blended urea (ZnO) 
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Fig. 4.21. Comparative effectiveness of different Zn treatments on biomass 

(tons/ha) of rice 

Bar showing the same letters do not differ significantly (P<0.05) 

(LSD= 3.8659) 

Treatment Description: 

T0= No Zn 

T1= Recommended Zn (ZnSO4) 

T2= ZSB 

T3= 1.5% Zn coated urea (ZnO) 

T4= 1.5% bio-activated Zn coated urea (ZnO) 

T5= 1.5% Zn blended urea (ZnO) 
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Fig. 4.22. Comparative effectiveness of different Zn treatments on grain yield 

(tons/ha) of rice 

Bar showing the same letters do not differ significantly (P<0.05) 

(LSD= 0.4243) 

Treatment Description: 

T0= No Zn 

T1= Recommended Zn (ZnSO4) 

T2= ZSB 

T3= 1.5% Zn coated urea (ZnO) 

T4= 1.5% bio-activated Zn coated urea (ZnO) 

T5= 1.5% Zn blended urea (ZnO) 
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Study # 5  

 4.5. Comparative effectiveness of the optimum level of Zn blended, Zn 

coated and bio-activated Zn coated urea on growth, yield, quality and bio-

chemical parameters of wheat under field conditions 

 A field experiment on wheat crop was conducted on the farm area of Institute 

of Soil and Environmental Sciences, University of Agriculture, Faisalabad. The 

comparative effectiveness of the optimum level of Zn blended, Zn coated and bio-

activated Zn coated urea was evaluated for growth, yield, quality and bio-chemical 

parameters under field conditions. 

4.5.1. Growth Parameters 

4.5.1.1. Plant height (cm) 

 Fig. 4.23a. shows a significant effect of Zn coated urea on the plant height as 

compare to control where no Zn was applied. All treatments i.e. Zn coated, Zn 

blended and bio-activated Zn coated urea showed statistically significant (P<0.05) 

results but the maximum results were obtained in the treatment where 1.5% bio-

activated Zn coated urea was applied, there was 25.33 and 2.6% increase as compared 

to control and recommended Zn (ZnSO4). With the application of recommended Zn, 

1.5% Zn coated and 1.5% Zn blended urea 23.28, 24.76 and 19.01% increase was 

observed respectively. While the treatment where only ZSB was used showed 1.75% 

increase with respect to control.  

 

4.5.1.2. Spike length (cm) 

 Bio-activation and coating of Zn on urea showed a significant effect (P<0.05) 

on spike length of rice as shown in Fig. 4.23b. The data clearly showed that the 

application of 1.5% bio-activated Zn coated urea indicated maximum results with 

33.95 percent increase as compare to control. The use of ZSB (Bacillus sp.) showed 

almost 29% increase over control. The application of 1.5% Zn coated and 1.5% Zn 

blended urea showed 29.23 and 33% increase respectively. On the other hand 27.51% 

increase in recommended Zn was observed. The application of 1.5% bio-activated Zn 

coated urea showed 8.8% increase as compare to recommended Zn (ZnSO4). 
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4.5.1.3. Number of tillers per plant 

 The impact of Zn application on the no. of tillers per plant of wheat as 

presented in Fig. 4.23c. From the data it is clearly indicated that all treatments showed 

statistically significant (P<0.05) results as compare to control (no Zn). Zn solubilizing 

bacteria showed 25% increase as compare to control. While maximum results were 

obtained in the treatment with 1.5% bio-activated Zn coated urea, it showed almost 

57.14, 14.28, 42.85, 7.14 and 28.57% increase with respect to control, recommended 

Zn, ZSB (Bacillus sp.), 1.5% Zn coated urea and 1.5% Zn blended urea respectively. 

 

 In all growth parameters of wheat crop under field conditions almost 2 to 15% 

increase was observed by 1.5% bio-activated Zn (ZnO) coated urea as compare to 

recommended Zn (ZnSO4) 
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Fig. 4.23. Effect of Zn treatments on the growth parameters of wheat 

Bar showing the same letters do not differ significantly (P<0.05) 

(LSD for plant height, spike length and no of tillers per plant= 0.3593, 0.3162 

and 0.9965 respectively) 

Treatment Description: 

T0= No Zn 

T1= Recommended Zn (ZnSO4) 

T2= ZSB 

T3= 1.5% Zn coated urea (ZnO) 

T4= 1.5% bio-activated Zn coated urea (ZnO) 

T5= 1.5% Zn blended urea (ZnO) 
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4.5.2. Quality Parameters 

4.5.2.1. Ash contents (%) 

 Data regarding the impact of Zn application after the bio-activation and 

coating of ZnO on the ash contents (%) of wheat crop (Table 4.9) showed that the 

coating and bio-activation of Zn at the level of 1.5% gave maximum results instead of 

no Zn applications. All treatments showed statistically significant (P<0.05) results as 

compared to control (no Zn). In case of ash contents 1.5% bio-activated Zn coated 

urea and recommended Zn showed almost similar results, in both treatments 6.06 and 

5.7% ash contents were observed respectively. While the treatment where 1.5% Zn 

coated and 1.5% Zn blended urea was applied showed 5 and 4.1% ash contents. ZSB 

(Bacillus sp.) and control showed 4 and 3% of ash contents. In all these treatments 

1.5% bio-activated Zn coated urea showed 52% increase as compared to control while 

19 and 30% increase as compared to 1.5% Zn coated and 1.5% Zn blended urea 

respectively. 

 

4.5.2.2. Oil contents (%) 

 Data presented in Table 4.9 showed the effect of Zn application in the form of 

Zn coated, Zn blended and bio-activated Zn coated urea on the oil contents of wheat 

grains. All treatments showed significant results in this aspect but the most prominent 

results were obtained by the application of 1.5% bio-activated Zn coated urea and it 

shows almost 55% increase as compared to control where no Zn was applied. While 

the treatments in which 1.5% Zn coated and 1.5% Zn blended urea was applied 

showed 39 and 21% increase as compare to control respectively. The treatment where 

1.5% Zn coated urea was applied 23% increase in oil contents as compare to 1.5% Zn 

blended urea. 1.5% bio-activated Zn coated urea showed 33% increase as compared to 

recommended Zn (ZnSO4). 

  

4.5.2.3. Protein contents (%) 

 The application of Zn in different forms was also tested for protein contents of 

wheat crop as mentioned in table 4.9. The data clearly indicated that all treatments 

showed statistically significant results (P<0.05) as compared to control. While instead 

of recommended Zn (ZnSO4) the use of 1.5% bio-activated Zn (ZnO) coated urea 

showed best results in protein contents (15%) with the percent increase 30% as 
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compared to control. The value of protein contents were 14.3% in recommended Zn 

(ZnSO4). On the other hand the treatments with 1.5% Zn coated and 1.5% Zn blended 

urea showed 13.9 and 13.8% protein contents respectively while its value was 12.5 

and 10.5 in ZSB (Bacillus sp.) and control respectively. 

 

4.5.2.4. Nitrogen concentration (%) 

 A statistically significant effect of different forms of Zn was observed in case 

of nitrogen concentration (%) and mentioned in table 4.9. It was clear from the data 

that the application of 1.5% bio-activated Zn coated urea showed 2.6% nitrogen 

contents which were 29.65 percent increase as compared to control (no Zn). While the 

treatments with 1.5% Zn coated and 1.5% Zn blended urea showed 2.44 and 2.4% 

nitrogen contents. Which was 24.18 and 23.86 percent increase respectively as 

compare to control. The recommended Zn (ZnSO4) showed 2.5 while 1.8% nitrogen 

concentration was observed in control. As compared to recommended Zn, 1.5% bio-

activated Zn coated urea showed 5% increase in nitrogen concentration (%).  
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Table 4.9. Comparative effectiveness of the optimum level of zinc blended, zinc 

coated and bio-activated zinc coated urea to improve quality parameters under 

field conditions in wheat. 

Treatment  Parameters 

- Ash contents 

(%) 

Oil contents 

(%) 

N 

concentration 

(%) 

Protein 

contents 

(%) 

No Zn 2.9±0.09 c 0.04±0.004 b 1.8±0.02 c 10.5±0.23 d 

ZnSO4 5.7±0.09 ab 0.07±0.004 ab 2.5±0.09 a 14.3±0.2 b 

ZSB 4.0±0.09 bc 0.07±0.002 ab 2.2±0.04 b 12.5±0.3  c 

1.5% Zn coated 

urea 

5.0±0.3 ab 0.07±0.002 ab 2.4±0.04 a 13.9±0.3 b 

1.5% bio-

activated Zn 

coated urea 

6.0±0.4 a 0.09±0.002 a 2.6±0.14 a 14.9±0.2 a 

1.5% Zn 

blended urea 

4.1±0.04 bc 0.05±0.002 b 2.43±0.03 ab 13.8±0.2 b 

 

LSD 

 

1.8047 

 

0.0318 

 

0.2374 

 

0.5976 

Means sharing the same letters within the column do not differ significantly 

(P<0.05) 

Values shows means± S.E 
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4.5.3. Grains Zn and Phytate concentrations 

4.5.3.1. Zinc concentration in grains (µg/g) 

 The effect of different Zn sources and methods on the grain zinc concentration 

of wheat is shown in Table 4.10. The data clearly showed that the application of Zn in 

different forms significantly (P<0.05) increased the grains zinc concentration. The 

use of 1.5% bio-activated Zn coated urea showed 23.60% increase as compared to 

control. While the treatments with 1.5% Zn coated urea and 1.5% Zn blended urea 

resulted in 9.60 and 17.85% increase in grains Zn concentration as compare to 

control. The recommended Zn application increased grain Zn concentration up to 

20.6% as compared to control. The bacterium Bacillus sp. AZ6 increased Zn contents 

up to 8% with respect to control. Almost 3.6% increase in grains Zn concentration 

was observed as compared ZnSO4, with 1.5% bio-activated Zn coated urea. 

 

4.5.3.2. Phytate concentration in grains (µg/g) 

 The impact of Zn application on the grains phytate concentration (µg g-1) was 

found to be statistically significant as evident from Table 4.10. The application of Zn 

reduced the phytate contents in grains. The maximum reduction in grains phytate 

concentration was observed by the application of 1.5% bio-activated Zn coated, and 

the percent decrease was 65.16 as compared to control. With the application of 

recommended Zn almost 8% decrease was recorded. The application of ZSB caused 

2.65% decrease in phytate contents compared to control plants. After bio-activated Zn 

coated urea, Zn coated urea showed best results with 61% decrease in phytate 

contents with respect to control. 

 

4.5.3.3. Phytate/Zn 

 Data presented in Table 4.10 showed the effect of different treatments of Zn 

and ZSB on the phytate/Zn. From the data it was clearly indicated that a significant 

effect was there in phytate/Zn with the application of Zn while minimum value was 

noted in the treatment where 1.5% bio-activated Zn coated urea was applied and 

percent decrease was 70% as compared to control. About 12.7 and 25.7 phytate/Zn 

was noted in 1.5% Zn coated and 1.5% Zn blended urea, respectively. ZSB (Bacillus 

sp.) showed 9.7% decrease as compared to control. 
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Table 4.10. Comparative effectiveness of the optimum level of zinc blended, zinc 

coated and bio-activated zinc coated urea on grain Zn and phytate concentration 

in grains of wheat under field conditions 

Treatment Parameters 

- Zn concentration 

(µg g-1) 

Phytate 

concentration 

(µg g-1) 

Phytate/Zn 

 

No Zn 34.5±0.2 f 1243±14.4 a 35.7±0.3 a 

ZnSO4 43.5±0.3 b 1153±15.5 c 26.5±0.2 c 

ZSB 37.5±0.2 e 1210±20.3b 32.3±0.2 b 

1.5% Zn coated urea 38.2±0.09 d 0483±14 e 12.7±0.2 d 

1.5% bio-activated 

Zn coated urea 

45.2±0.09 a 0433±14 f 10±0.4 e 

1.5% Zn blended 

urea 

42.2±0.094 c 1063±14.3 d 25.2±1 c 

 

LSD 

 

0.3986 

 

1.4854 

 

1.4777 

Means sharing the same letters within the column do not differ significantly 

(P<0.05) 

Values shows means± S.E 
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4.5.4. Physiological Parameters 

4.5.4.1. Electrolyte leakage (%) 

 Regarding the effect of Zn application in the form of Zn coated, Zn blended, 

bio-activated Zn coated urea and ZSB (Bacillus sp.), a statistically significant 

(P<0.05) results in the electrolyte leakage of wheat was recorded (Fig. 4.24). The 

maximum electrolyte leakage was observed in the control where no Zn was applied, 

and minimum value of electrolyte leakage was noted in 1.5% bio-activated Zn coated 

urea. In 1.5% bio-activated Zn coated urea showed 40% decrease as compared to 

control. The treatments with 1.5% Zn blended urea was applied showed 8.7% 

decrease as compared to control. 

 

4.5.4.2. Carbonic Anhydrase activity (µmol CO2/kg/s) 

 The results presented in Fig 4.25 showed that the application of Zn 

significantly increased the carbonic anhydrase activity of wheat crop as compared to 

control (no Zn). The maximum activity in case of carbonic anhydrase was obtained in 

the treatment where 1.5% bio-activated Zn coated urea was applied (330 µmol 

CO2/kg/s) and it was 34% increase as compared to control. In control its value was 

recorded as 220 µmol CO2/kg/s. The application of ZSB showed 230 µmol CO2/kg/s 

value and it was 4.3% increase as compared to control. The treatments where 1.5% Zn 

coated and 1.5% Zn blended urea was applied showed 300 and 285 µmol CO2/kg/s 

carbonic anhydrase activity, respectively. Recommended Zn (ZnSO4) showed almost 

21% increase with respect to control. 
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Fig. 4.24. Comparative effectiveness of the optimum level of zinc blended, zinc 

coated and bio-activated zinc coated urea on electrolyte leakage of wheat 

Means sharing the same letters do not differ significantly (P<0.05) 

(LSD= 3.0668) 

Treatments Description: 

T0= No Zn 

T1= Recommended Zn (ZnSO4) 

T2= ZSB 

T3= 1.5% Zn coated urea (ZnO) 

T4= 1.5% bio-activated Zn coated urea (ZnO) 

T5= 1.5% Zn blended urea (ZnO) 
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Fig. 4.25. Comparative effectiveness of the optimum level of zinc blended, zinc 

coated and bio-activated zinc coated urea on the carbonic anhydrase activity of 

wheat 

Means sharing the same letters do not differ significantly (P<0.05) 

(LSD= 15.064) 

Treatments Description: 

T0= No Zn 

T1= Recommended Zn (ZnSO4) 

T2= ZSB 

T3= 1.5% Zn coated urea (ZnO) 

T4= 1.5% bio-activated Zn coated urea (ZnO) 

T5= 1.5% Zn blended urea (ZnO) 
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Fig. 4.26. Effect of bio-activated Zn coated umrea on the spike length of wheat as 

compared to control (no Zn application). 

 

 

 

 

 

 

 

 

 

 

 

No Zn application 1.5% bio-activated Zn (ZnO) 

coated urea 
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4.5.5. Yield Parameters 

4.5.5.1. Biomass production (tons/ha) 

 A statistically significant effect (P<0.05) of Zn application was observed in 

the biomass production of wheat crop under field conditions. All treatments showed 

statistically significant results as compared to control (Fig. 4.27). The plots which 

received 1.5% bio-activated Zn coated urea showed 14.4 tons ha-1 biomass and it was 

4% increase as compared to control (no Zn). The treatments with 1.5% Zn coated and 

1.5% Zn blended urea showed 14 and 14.1 tons ha-1 biomass which was 2% increase 

as compared to control. The application of ZSB resulted in an increase in biomass up 

to 4% as compared to control. About 0.6% increase in biomass was obtained with the 

application of 1.5% bio-activated Zn coated urea, as compare to recommended 

ZnSO4. 

 

4.5.5.2. Grain yield (tons/ha) 

 The data regarding grains yield (tons/ha) of wheat crop (Fig 4.28) showed a 

statistically significant effect (P<0.05) of the application of Zn in different forms. The 

use of 1.5% bio-activated Zn coated urea showed 5.7 tons/ha grain yield which was 

33% increase as compared to control. In case of grains yield almost similar results 

were obtained in 1.5% Zn coated and 1.5% bio-activated Zn coated urea was applied. 

With the application of 1.5% Zn blended urea about 28% increase was observed as 

compared to control. About 3.5% increase was observed in recommended Zn (ZnSO4) 

than control plants. 

 

4.5.5.3. 100 grains weight (g) 

 Data presented in Fig. 4.29 showed that a statistically significant effect 

(P<0.05) of Zn application was there. With the application of recommended Zn 

(ZnSO4) 19% increase in 100 grains yield was observed. The use of 1.5% bio-

activated Zn coated urea almost 44.5 g 100 grains weight was noted. The treatments 

with 1.5% Zn coated and 1.5% Zn blended urea showed 18.6 and 11% increase as 

compared to control (no Zn). 1.5% bio-activated Zn coated urea showed 6 and 12.5 

percent increase as compare to 1.5% Zn coated and 1.5% Zn blended urea 

respectively. While the only use of ZSB (Bacillus sp.) showed 11% increase with 

respect to control. 
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Fig. 4.27. Comparative effectiveness of the optimum level of zinc blended, zinc 

coated and bio-activated zinc coated urea for biomass of wheat. 

Means sharing the same letters do not differ significantly (P<0.05) 

(LSD= 0.4320) 

Treatments Description: 

T0= No Zn 

T1= Recommended Zn (ZnSO4) 

T2= ZSB 

T3= 1.5% Zn coated urea (ZnO) 

T4= 1.5% bio-activated Zn coated urea (ZnO) 

T5= 1.5% Zn blended urea (ZnO) 
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Fig. 4.28. Comparative effectiveness of the optimum level of zinc blended, zinc 

coated and bio-activated zinc coated urea to grain yield of wheat. 

Means sharing the same letters do not differ significantly (P<0.05) 

(LSD= 0.4938) 

Treatments Description: 

T0= No Zn 

T1= Recommended Zn (ZnSO4) 

T2= ZSB 

T3= 1.5% Zn coated urea (ZnO) 

T4= 1.5% bio-activated Zn coated urea (ZnO) 

T5= 1.5% Zn blended urea (ZnO) 
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Fig. 4.29. Comparative effectiveness of the optimum level of zinc blended, zinc 

coated and bio-activated zinc coated urea with respect to biomass and grain yield 

of wheat. 

Means sharing the same letters do not differ significantly (P<0.05) 

(LSD= 0.3254) 

Treatments Description: 

T0= No Zn 

T1= Recommended Zn (ZnSO4) 

T2= ZSB 

T3= 1.5% Zn coated urea (ZnO) 

T4= 1.5% bio-activated Zn coated urea (ZnO) 

T5= 1.5% Zn blended urea (ZnO) 
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Study # 6:  

4.6. Determination of residual plant available Zn concentration in soil 

 The main purpose to conduct this study was to determine the plant available 

Zn concentration in soil after rice and wheat harvesting under pot and field 

experiments. The effect of different treatments such as Zn coated, blended, bio-

activated urea, ZnSO4 and ZSB were also evaluated with respect to increase in soil Zn 

status after crop harvesting. 

    

4.6.1. Residual concentration of Zn in soil after rice and wheat harvesting (Pot 

experiment) 

 The results presented in Fig 4.30 showed that the application of Zn 

significantly increased the plant available Zn concentration after crop harvesting as 

compared to control (no Zn). The maximum residual Zn (mg kg-1) was obtained in the 

treatment where 1.5% bio-activated Zn coated urea was applied (0.87 and 1 mg kg-1 in 

rice and wheat, respectively). In control (no Zn) soils residual Zn was recorded as 

0.33 and 0.38 mg kg-1 after rice and wheat harvesting, respectively). The application 

of ZSB showed 0.34 and 0.42 mg kg-1 of Zn in both crops, that were 2.9 and 9.5% 

increase with respect to control in rice and wheat crops respectively. The treatment 

with 1.5% Zn coated (0.73 and 0.89 mg kg-1 in rice and wheat respectively) and 1.5% 

Zn blended urea (0.71 and 0.79 in rice and wheat respectively) plant available Zn 

concentration was observed. Recommended Zn (ZnSO4) showed almost 0.71 and 0.81 

mg kg-1 of Zn after rice and wheat crops harvesting respectively. 

 About 18.3 and 20.7% increase in residual Zn concentration was observed 

after rice and wheat harvesting, with the application of 1.5% bio-activated Zn coated 

urea as compared to recommended Zn (ZnSO4).  
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4.6.2. Residual concentration of Zn in soil after rice and wheat harvesting (Field 

experiment) 

 Data related to plant available Zn in soil after crop harvest e.g. rice and wheat 

respectively presented in Fig. 4.31. It was clearly indicated that the statistically 

significant results were obtained in available Zn concentration by Zn fertilization after 

both after rice and wheat harvesting respectively. 

 The application of 1.5% bio-activated Zn coated urea (1.5% Zn impregnated 

urea) showed higher residual plant available Zn concentration over all other 

treatments and control (no Zn), the percent increase as compared to Zn (ZnSO4) was 

18 and 15.7% in rice and wheat crop respectively. Its application increase residual Zn 

contents up to 0.82 and 0.9 mg kg-1 in rice and wheat crop respectively, that was 60.9 

and 56.6 % increase as compare to their respective controls in rice and wheat. Almost 

similar results were obtained in the treatments where 1.5% Zn coated and 1.5% Zn 

blended urea was applied. The second best treatment with respect to residual available 

Zn was 1.5% Zn coated urea. The plots where only ZSB was applied showed 20% 

increase in residual Zn contents in rice and 11.11% increase in case of wheat crop was 

observed as compared to control. The residual Zn contents after crop harvest were 0.3 

and 0.4 in rice and wheat respectively in control treatment (no Zn application). 
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Fig. 4.30. Residual concentration of Zn in soil after rice and wheat harvesting (pot experiment).  

Means sharing the same letters do not differ significantly (P<0.05) 

(LSD Rice= 0.0526, LSD Wheat= 0.0706) 

Treatments Description: 

T0= No Zinc  

T1= Recommended ZnSO4 

T2= ZSB (Zinc solubilizing bacteria) 

T3= 0.5% Zn coated urea (ZnO) 

T4= 1% Zn coated urea (ZnO) 

T5= 1.5% Zn coated urea (ZnO) 

T6= 0.5% bio-activated Zn coated urea (ZnO) 

T7= 1% bio-activated Zn coated urea (ZnO)  

T8= 1.5% bio-activated Zn coated urea (ZnO) 

T9= 0.5% Zn blended urea (ZnO) 

T10= 1% Zn blended urea (ZnO) 

T11= 1.5% Zn blended urea (ZnO) 
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Fig 4.31. Residual concentration of Zn in soil after rice and wheat harvesting (field experiment). 

Means sharing the same letters do not differ significantly (P<0.05) 

(LSD Rice=0.0197 , LSD Wheat= 0.0423) 

Treatments Description: 

T0= No Zn 

T1= Recommended Zn (ZnSO4) 

T2= ZSB 

T3= 1.5% Zn coated urea (ZnO) 

T4= 1.5% bio-activated Zn coated urea (ZnO) 

T5= 1.5% Zn blended urea (ZnO) 
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CHAPTER 5  

DISCUSSION 

 Zinc is an essential nutrient required not only for plants but also for humans and 

microorganisms as well. Humans require Zn throughout their lives to complete the growth, 

development and physiological functions (Hambidge and Krebs, 2007). Zinc deficiency 

ranked as the fourth main micronutrient deficiency in humans, it affects approximately 66% 

of the world’s population (Zhang et al., 2011). In Pakistan, about 37% of children are highly 

suffering from Zn malnutrition (Harvest Plus, 2012). Inadequate nutritional intake of Zn and 

Fe is the major reason behind Zn deficiency (Cakmak et al., 2010). To solve the issue of Zn 

shortage, enhancement of bioavailable contents in soil can improves the Zn contents in 

cereals in developing world (Gurmani et al., 2012). The cereals are major source of food for 

them and Zn contents can be enhanced by various ways such as supplementation, breeding 

and genetic techniques. The simple approach to enhance Zn contents in cereals is bio-

fortification. The fortification can be achieved by different methods but the use of fertilizers 

is most prominent method.  

 The use of PGPR (plant growth promoting rhizobacteria) is also an emerging 

approach. Bio-fortification by microorganisms as bio-inoculants to enhance the native Zn 

availability to crop accumulation and achieve the objective of low input and sustainable 

agriculture to overcome Zn deficiency in humans could be a viable option (Mader et al., 

2010). In soils about 90% of Zn is present in insoluble form and not available to plants, metal 

salts solubilization is an important function performed by PGPR. Normally PGPR mobilize 

the nutrients through the release of organic acids, acidification, and chelation and by 

exchange reactions (Chung et al., 2005). It was observed that PGPR possibly produce 

siderophores (Saravanan et al., 2011), gluconate, or the derivatives of gluconic acids, e.g., 2 

and 5 ketogluconic acid (Fasim et al., 2002; Saravanan et al., 2007), and various other 

organic acids (Tariq et al., 2007) for the mobilization of Zn and iron. So, the use of PGPR 

(Zn solubilizers) to enhance plant growth and crop yield is predicted to become an emerging 

trend in contemporary agriculture in the near future. In the same way bio-activation of Zn 

insoluble source i.e. ZnO and then coating of this bio-activated Zn (ZnO) on urea also prefer 
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for enhancing Zn bio-availability in soil and for achieving the purpose of bio-fortification of 

Zn.   

 Therefore, a series of growth room, wire house and field experiments were conducted 

to find out the effect and best level of bio-activated ZnO coated, only coated and ZnO 

blended urea. For the purpose of bio-activation, pre-isolated and identified bacterial strain 

(Bacillus Sp. AZ6) was used. Plant growth promoting attributes of the strain was evaluated, 

the name and amount of organic acid produced by that specific strain was tested; its effect on 

media pH reduction was also evaluated. A wire house experiment was conducted to check 

the effect of Zn coating, blending and bio-activation of ZnO coated urea on the Zn 

concentration (release) and urease activity with respect to time. Three levels 0.5, 1 and 1.5% 

coated, blended and bio-activated Zn coated urea were selected for wire house (pot 

experiments) and best performing levels one from each was further evaluated under field 

conditions. After crop harvest (rice and wheat) from pot and field AB-DTPA extractable Zn 

concentration was also determined to check the effect of all above mentioned treatments on 

plant available Zn contents. 

 The application of ZSB (Zinc solubilizing bacteria) in cereals affects the overall 

growth, yield, physiological and grains Zn concentration, because of having the ability to 

produce the organic acids and many other mechanisms to solubilize the insoluble sources of 

Zn such as ZnO and ZnCO3 (Saravanan et al., 2003). The characterization of the pre-isolated 

strain was carried out to ensure the growth enhancing attributes of selected strain. The results 

indicated that strain having the ability to solubilize the insoluble Zn compounds (ZnO and 

ZnCO3) and produce holo zones around the bacterial colony in Bunt and Roveria culture 

media during laboratory experiment. This solubilization character is important not only in 

nutrient cycling but also correlate the Zn accumulation in leaves and grains (Di-Simine et al., 

1998). The use of PGPR (ZSB) as inoculant effectively increases root surface area and 

volume. (Richardsonhis (2001). The increase in root growth may be due to the production of 

phytohormones produce by the pre-isolated strain as the strain (AZ6) having the ability to 

produce auxin and also siderophores. Similar results were observed by Cleland, 1971. Auxin 

is a class of plant hormones of which indole-3-acetic acid is well studied, which has the 

capacity to increase long term responses in plants (Cleland, 1971).  
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 The results of pH reduction of broth culture media value decreased from 7 to 4, the 

reason behind this, was the production of organic acids which was confirmed by the HPLC 

analysis (fig. 4.2). Fall in pH and acidification of broth medium by different zinc solubilizing 

strains has been observed by Di Simine et al., (1998). More Zn solubilization of the insoluble 

zinc sources was observed within 72 hours. This Zn solubilizing ability of strains also 

correlated with the zinc contents (concentration) which accumulated in different plant parts. 

The high contents of Zn were achieved in broth culture media (fig 4.1). Gluconic acids 

formed in broth culture medium facilitated the solubilization of zinc salts. Desai et al., (2012) 

stated that the high availability of Zn is related to the acidic pH of the broth culture media. It 

is reported that Bacillus sp. and Bacillus cereus have the potential to solubilize the Zn. These 

findings are similar to that of earlier reports in which zinc solubilizers have been found to be 

recurrent among numerous bacteria (Shakeel et al., 2015).  

 Pre-isolated strain was used for the bio-activation of Zn (ZnO) and this bio-activated 

Zn (ZnO) was further used for coating on urea. The bio-activated Zn coated, Zn coated and 

Zn blended urea @ 0.5, 1 and 1.5% was used to check for temporal release of Zn in soil in a 

wire house trail. It was noted that with the application of 1.5% bio-activated Zn coated urea, 

Zn availability increased significantly (1.7 mg kg-1) as compared to control (no Zn) and 

recommended Zn at 60th day of experiment (Fig. 4.6). For proper crop growth only 1.24 mg 

kg-1 of Zn in soil is required (Sharma et al., 1990). On the average basis the AB-DTPA Zn 

contents present in Pakistani soils is 0.5-0.7 mg kg-1 which is very low for plants and humans. 

The increase in plant available Zn concentration and less urease activity in 1.5% bio-

activated Zn coated urea is due to more ZSB which solubilize the insoluble native Zn and 

coated Zn (ZnO) and enhance Zn concentration with respect to time (Fig 4.7). Due to coating 

the urease activity reduces (Saviozzi et al., 1999). Bio-activated Zn coated urea @ 1.5% 

released slow and gradual Zn contents into the soil, the organic material used for the bio-

activation of Zn (ZnO) acted as carrier material for ZSB and chelating material for Zn 

(Shakeel et al., 2015). Organic carrier materials are the important component of bio-

fertilizers (carrier based), which are responsible for the proper delivery of microbes and 

nutrients into the field. Carrier material provide suitable environment for the survival of 

applied microbes. It is well reported that organic matter decomposition directly related with 
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the microbial activity and chelating agents and improves the Zn solubilization from Zn 

sources (Roy et al., 1997).           

 Now-a-days the technique of Zn coated urea is considered as most promising 

fertilizer therefore three levels e.g. 0.5, 1 and 1.5% of Zn coated and same levels of bio-

activated Zn coated urea were evaluated for different growth and yield attributes. Most of the 

characters which were studied Zn coated urea and bio-activated Zn coated urea performed 

better than recommended Zn and control. These results are in agreement with Shivay et al., 

(2007, 2008) and Prasad et al., (2013). They conduct experiments and concluded that instead 

of soil and foliar Zn application, the application of Zn coated urea response well due to the 

synergistic (positive) effects of urea-N to Zn (bio-active) on crop yields. Some other 

advantages which can be taken with this approach are the enhancement of urea efficiency 

taken up by plants due to slow and continuous supply of N from Zn coated urea and gives 

extra benefit to the farmers, the bioavailability of Zn to the target plant increases due to bio-

activities and greater surface area of small size particles which increases crop yield, the extra 

labor requirement for Zn application eliminates, N losses from urea reduced due to relatively 

slow release of N because of coated fertilizers, the fixation of applied Zn directly to soil 

collides reduces due to slow release of bio-active Zn from Zn coated urea, The beneficial 

bacteria  (ZSB) released from Zn coated urea have a further synergistic (positive) effect on 

crop yields, the overall economics of using Zn coated urea verses urea and Zn gives much 

benefit in terms of returns in farmer than the latter one (Shivay et al., 2015).  

 Prasad and his coworkers reported in 2013 that the major benefit of Zn coated urea is 

saving the amount of Zn to be applied, only 2.83 kg Zn ha-1 was applied with Zn coated urea 

as against 6 kg Zn ha-1 in the case of soil + foliar application of ZnSO4. The Zn coated urea is 

therefore a favorable fertilizer in developing countries with small holding farmers (Shivay et 

al., 2015). ZnO is sparingly soluble and not readily available to crop plants but by bio-

activation and coating of ZnO at the level of 1.5% maximum response was obtained in all 

growth, yield and physiological parameters of rice and wheat crops under both wire house 

and field conditions. ZnO coating without bio-activation also made Zn available to rice but 

released Zn interact with water and CO2 in soil solution to form Zn(OH)2 and ZnCO3, which 

have less solubility than ZnO (Shivay et al., 2008). This problem can be overcome by bio-

activated Zn coated urea because organic acids production controls the formation of insoluble 
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Zn compounds, in the previous studies the effective results were achieved by 2% ZnO coated 

urea in wheat-rice cropping system but in the present investigations maximum results and 

responses were observed in 1.5% bio-activated (Zn) ZnO coated urea. 

 In the wire house and field experiments on rice and wheat the increased concentration 

of Zn was observed in 1.5% Zn coated urea as compared to control where no Zn application 

was done. It has been reported in previous studies that by the gluconic acids (especially 2-

keto-gluconic acids) higher nutrients concentration like N and Zn was observed in plants 

(grains and shoots) in the plots where ZSB were applied as compared to control and similar 

results were obtained by Puente et al., (2004). One most important reason of maximum 

nutrients uptake by plants is the early initiation and development of lateral roots with the 

application of ZSB. The results of pot experiments on rice and wheat indicated that the 

increased response in growth parameters (plant height, root length, weight and shoot height, 

fresh and dry biomass) were observed with the application of ZSB only. Similar results were 

observed by the inoculation of Bacillus, Azospirillum, Pseudomonas and Azotobacterstrains 

(Siddiqui and Shaukat 2002; Saravanan et al., 2003; Shaukat et al., 2010; Goteti et al., 2013). 

The recommended Zn (ZnSO4) application showed higher Zn concentration in rice and wheat 

kernels as well as in straw than control (no Zn and only ZSB) in wire house (Table 4.3 and 

4.5) The main reason behind this response is increased amount of Zn in soil solution by the 

application of Zn fertilization, Zn application facilitates the Zn absorption by plants as 

compared to control (no Zn) where lesser amount of soil plant available Zn present  

(Phattrakul et al., 2012). Direct relation with the application of Zn in soil and overall growth, 

yield and plant Zn concentration was observed in previous investigations but for this radially 

available Zn source should be used (Slaton et al., 2005a; Shaver et al., 2007; Shivay et al., 

2007; Shivay et al., 2008).  

 With the increasing levels of Zn coated, blended and bio-activated Zn coated urea the 

overall growth, yield and grains Zn concentration was improved significantly (P<0.05) in 

rice and wheat crops. In pot experiment (rice) 61% increase in total paddy yield was obtained 

as compared to control (no Zn) while the increase in grains Zn concentration was 46% in the 

treatment where 1.5% bio-activated Zn coated urea was applied these results are in 

agreement with the results of Yilmaz et al. (1997) reported that the clear cut increase in 

grains Zn concentration was observed by the application of Zn in alkaline calcareous soils. 

http://www.hindawi.com/62980120/
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The reason of this response is the application of Zn and ZSB in combined form, the alkaline 

calcareous soils are deficient in plant available Zn. So, the Zn application response is 

generally observed in such soils (Alloway, 2008). On the other hand, Zn application in the 

form of ZnSO4 increased Zn concentration in different parts of plant. In case of wheat trials 

(wire house) the treatments in which ZSB, recommended Zn (ZnSO4), Zn coated, blended 

and bio-activated Zn coated urea was applied showed an increasing trend in grains Zn 

concentration but the application of bio-activated Zn coated urea showed maximum results, 

the main objective of this Zn application was to bio-fortify the grains for better humans 

health and nutrition (Tilman et al., 2002; Cakmak, 2008). The Zn concentration in wheat 

grains were increased upto 43 µg g-1 by the application of 1.5% bio-activated Zn coated urea. 

 It was also observed that grains Zn concentration was low in the treatments where 

phytate concentration was high indicating a significant negative correlation. On an average 

the grains phytate concentration of wheat was 10 mg kg-1, One of the reason of low Zn 

absorption in human’s body, in the human intestine the phytate binds with Zn and made it 

unavailable for human beings (Lott et al., 2000). If the phytate concentration decreases 

automatically Zn contents becomes increased, almost 27% of phytate contents can be 

reduced by the application of 10 kg Zn ha-1 (Erdal et al., 2002) the application of 1.5% bio-

activated Zn coated urea the phytate:Zn contents were reduced to 70% as compared to 

control. The phytate: Zn should be upto 13 for proper human absorption. This ratio was 12.3 

in the pots where recommended Zn was applied while minimum ratio e.g. 6 observed in 1.5% 

bio-activated Zn coated urea(Table. 4.3). In grains 23.7 to 36.0 µg g-1 of  Zn concentration 

was observed in different treatments (Zhao et al, 2009).  

 The results of field trails also indicated that the application of 1.5% bio-activated Zn 

coated urea showed maximum results in all growth, physiological, yield and quality 

parameters of rice and wheat (Table  4.8). All growth parameters improved significantly with 

the application of 1.5% bio-activated Zn coated urea. In case of Zn acquisition in the grains 

of rice and wheat bio-activated Zn coated urea @ 1.5% showed maximum increase. Proper 

application of Zn fertilizers not only increases Zn concentration, but also decreases the anti-

nutrients such as phytate. Plant scientists reported that the grains yield and grains Zn 

concentration was increased upto 7.7 % by the application of ZnSO4 at the level of 1.5% and 

ZnO at the 2% level, these results are similar with the results of this project in which same 
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results were obtained by the bio-activation of ZnO and coated urea at the level of 1.5%. The 

grain Zn concentration was improved up to 45 µg g-1. On the other hand 41 µg g-1 Zn 

concentration was observed by the application of Zn as ZnSO4 (Shivay, 2008).  

 The physiological parameters such as in enzymes especially carbonic anhydrase (CA) 

activity in which Zn act as cofactor improves significantly with the application of Zn in Zn 

deficient soils especially in rice cultivated areas (Reed and Graham, 1980). Carbonic 

anhydrase activity decreases in many plants as a concern of Zn deficit conditions (Gibson 

and Leece, 1981); CA activity is directly related with the Zn concentration in plants. In 

severe Zn deficient conditions, no activity of CA was observed (Guliev et al., 1992). For 

more activity of CA in the mesophyll cells, Zn application is necessary. The activity of CA is 

an indicator for the levels of physiologically active Zn (Gibson and Leece, 1981). The 

gaseous exchange characteristics such as photosynthetic rate, respiration rate, stomatal and 

sunstomatal conductance were improved by bio-activated Zn coated urea. This increase in 

physiological parameters due to the increase in CA activity. In fact CA fixes the CO2 for 

photosynthesis. The increased rate of photosynthesis automatically increased the all other 

physiological parameters and biomass of crops, the above mentioned parameters improved 

only due to increase in Zn concentration (Escudero-Almanza et al., 2012). The used ZSB 

having the ability to produce Auxin and as auxin is the reason to increase the root growth of 

plants, ultimately increase the nutrients uptake (Kamilova et al., 2006). Zinc has a great role 

in membrane permeability; electrolyte leakage is the direct indication of membrane 

permeability. With the application of Zn the decrease value of electrolyte leakage was 

observed but maximum reduction in electrolyte leakage was observed in the plots which 

receives 1.5% bio-activated Zn coated urea (Welch, 1995).        

 The cereals are important food crops in developing countries and also cultivated on 

large areas. Due to dependence on cereals for food by the poor people the quality parameters 

like proteins, nitrogen concentration in grains, oil, ash and dry matter contents in rice and 

wheat were evaluated and it was observed that these parameters also improved significantly 

with the application of Zn and maximum increase was observed with 1.5% bio-activated Zn 

coated urea (Table 4.7), these results are in conformity with the findings of Seadh et al., 

(2009); and Soleymani et al., (2009). The increase in quality parameters are just due to the 

contribution of Zn in photosynthesis, chlorophyll, starch metabolism of starch enzyme 
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carbonic anhydrase activity and formation, carbohydrate formation, the requirement of Zn 

depends upon the above mentioned processes in plants. It also start glutamic dehydrogenase 

activity, RNA and DNA synthesis which are main protein components of gluten accumulated 

in the later stages of grain filling (Singh et al., 2012; Soleymani et al., 2012). As N and Zn 

have synergistic effect so, with the proper application of Zn improved N concentration in 

grains were obtained (Rehman et al., 2002). The dry matter (%) increases and moisture (%) 

decreases with Zn fertilization and these results are in agreement with the Sowokinos and 

Preston, (1988). The oil contents in the cereals also increases with the applicaton of proper 

Zn (Ikenie et al., 2004).  

 The yield parameters such as grains yields and biomass production increased 

significantly with the application of Zn and improved results were obtained with 1.5% bio-

activated Zn coated urea (Sadras, 2007). Grains production is an important parameter 

contributing towards yield, with the application of Zn a significant effect on grain yield in 

rice and wheat was observed. But according to some scientists in the recent released varieties 

due to having more yield potential and dilution effect the overall minerals contents becomes 

low (Zhao et al., 2009), due to dilution effect the starchy grain endosperm enhances in size 

and becomes rich in minerals as compared to other parts. Many direct and indirect 

mechanisms are involved to improve the micronutrients availability, root growth 

improvement is one of the main mechanism (Khalid et al., 2004). Due to increase in root 

growth the nutrients availability also increases and over all plant vigor and root-shoot growth 

enhances. As in grains the Zn concentration increases, this might be due to the pH reduction 

in rhizosphere, reduction in rhizospeheric pH increases the micronutrients availability to 

plants (Yu et al., 2011). This reduction in pH is due to the organic acids produced by the 

ZSB used for the bio-activation process (Fig. 4.3). The phytate to Zn ratio in rice and wheat 

crops significantly decrease with the application of bio-activated Zn coated urea. This ratio is 

considered an important parameters to determine the Zn bioavailability from grains (cereals) 

(Cakmak et al., 2010; Hussain et al., 2011). The decrease in phytate to Zn ratio indicated the 

potential of Zn release from 1.5% bio-activated Zn coated urea. 

 Plant available Zn was also determine after rice and wheat harvesting respectively. 

The AB-DTPA extractable Zn concentration was 0.68 mg kg-1 before rice sowing. Maximum 

residual Zn concentration was observed in the treatment where 1.5% bio-activated Zn coated 
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urea was applied and the value was 0.84 and 0.88 in rice and wheat crops. The application of 

Zn significantly increased the AB-DTPA extractable Zn after crop harvest but more increase 

was observed after wheat as compared to rice the main reason of this was the submerged 

conditions in rice crop as well as depletion by the crop. The decrease in Zn availability in rice 

cultivated area reported in many studies (Dutta et al., 1989; Prasad et al., 1991). Under 

reduced conditions the formation of Fe2+ and Mn2+ takes place, when this Fe2+ diffused 

towards more oxidic regions of soils it gets oxidized and precipitation occurs as Fe(OH)3, the 

Zn becomes absorbed on this hydrous oxides and unavailable for plants (Singh et al., 1999). 

The main reasons of Zn unavailability under submerged soil conditions are: formation of 

insoluble minerals like franklinite (ZnFe2O4), formation of some other insoluble Zn 

compounds like ZnS and ZnCO3 due to reduce conditions, at relatively high pH the 

formation of Zn(OH)2 and adsorption of Zn+2 on clay minerals (Barar and Sekhon, 1976). All 

the above mentioned reasons are resulting in the reduction of plant available Zn in soil and 

increased by the Zn application (Jat et al., 2011). The calcareousness, the high pH and low 

organic matter in Pakistani soils are main reasons of less micronutrient reservoir (Rafiq, 

2005). According to a survey about 75% of surface soils are less in Zn concentration due to 

the ignorance of farmers to apply fertilizers (Alloway, 2009), organic matter also improves 

the minerals concentration in soils (Marschner and Rengel, 2012). Combined application of 

Zn and urea is much affective and their effect is synergistic because N have role in protein 

synthesis while Zn act as cofactor in many enzymes. So the Zn coating on urea with ZSB is 

an effective approact to enhance Zn contents in cereals.  

 From the above mentioned observations and discussion, we can concluded that the 

application of Zn in the form of Zn blended, Zn coated and bio-activated Zn coated urea has 

a marked effect not only on plant growth, yield, physiology but on grains nutrient (Zn) 

concentration as well. Different levels of coated and blended urea Zn were used but bio-

activated Zn coated urea at the level of 1.5% showed maximum increase in rice and wheat 

grains Zn concentrations for human health. On the other hand it is an economical technique 

as compare to the application of commercial Zn as ZnSO4 and urea separately because Zn 

contents are more in quantity in ZnO as compare to ZnSO4 and due to bio-activation process 

of ZnO by PGPR (ZSB) the insoluble Zn in ZnO becomes available and extra labor cost 

reduces. This approach also improves the residual soil plant available Zn contents. 
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SUMMARY 

 It is a well-established fact that Zn is considered as essential element for the growth 

and development of plants, humans and microbes. Due to some plants and soil factors it 

becomes deficit in plants, as plants are the primary producers in food chain so, its deficiency 

in food crops is the major reason of Zn deficiency among humans. In the developing 

countries most of the people suffering from Zn deficiency, because they rely on cereals such 

as rice, wheat and maize for their daily caloric intake. These cereals are grown on the soils 

which are Zn deficient. To increase the Zn concentration in the edible portion of cereals 

(grains), different agronomic and genetic approaches are used. But most popular approach is 

bio-fortification in which Zn concentration is enhanced in the edible portion of crop plant 

during the growth period of crop. The bio-fortification through fertilizers is a key area of 

interest. The use of bio-fertilizers e.g. ZSB is considered an effective tool to solubilize the 

insoluble Zn fractions in the soil due to the production of organic acids. In Pakistan, ZnSO4  

is the common soluble source of Zn which contains 33 % Zn but its cost is high.  On the 

other side, 90 % of Zn from applied ZnSO4 becomes fixed in soil, therefore, farming 

community ignore to use it. On the other hand, ZnO contains 80 % Zn contents but in 

insoluble form. Bio-activation of insoluble Zn source (ZnO) using ZSB and its coating on 

urea might be an effective approach for Zn biofortification in cereals in addition to improved 

yield and quality of crops. It is an environmental friendly and cost effective approach 

because it reduced the labor cost of N and Zn application. 

 The present study was planned to evaluate the effect of different levels of Zn (ZnO) 

coated, Zn (ZnO) blended and bio-activated Zn (ZnO) coated urea on the growth, physiology, 

quality, yield and grains Zn concentration of rice and wheat. The results obtained from the 

whole study were summarized as below: 

 The pre-isolated Bacillus sp. AZ6 was taken from Environmental Sciences 

Laboratory, Institute of Soil & Environmental Sciences, university of Agriculture, 

Faisalabad-Pakistan. The Bacillus sp. AZ6 having growth promoting attributes like ACC-

deaminase activity, auxin, and siderophores production. Organic acid productions were also 

observed in the Bacillus Sp. AZ6. This strain was used for the bio-activation of ZnO. This 

bio-activated ZnO was used for the coating on urea with three levels. Three types of product 

were formed i.e., Zn coated, Zn blended and bio-activated Zn coated urea @ 0.5, 1 and 1.5 % 
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Zn. An experiment regarding Zn release from Zn coated, blended and bio-activated Zn 

coated urea was carried out and urease activity was also tested. The results of Zn 

concentration and urease activity clearly indicated that with coating of Zn on urea slow and 

gradual increase in plant available Zn was observed with respect to time and urease activity 

was also less in the coated urea. This is clearly showed that with the 1.5 % bio-activated Zn 

coated urea the gradual and maximum increase in plant available Zn concentration was 

obtained. 

 In case of wheat pot trail, the application of 1.5 % bio-activated Zn (ZnO) coated urea 

showed 6.1, 1.2, 7.2, 6.1 and 9.1 % increase in plant height, spike length, flag leaf length, no. 

of spikelet’s per spike and no. of tillers per plant, respectively, while in rice all growth 

parameters were increased from 15 to 20 percent. The increasing trend in yield (g/pot) was 

noted, up to 30 and 50 % increase in grains yield was observed in rice and wheat crops, 

respectively. On the other hand, in rice the Zn solubilizing bacterial strain AZ6 showed 

minimum increase in root Zn concentration that was 12.5 % compare to control (without Zn). 

While with the application of bio-activated Zn coated urea at 1.5 % the Zn concentration in 

rice and wheat grains was increased from 20-59 % as compare to control and 15-20 % 

increase was noted as compare to recommended Zn (ZnSO4). Overall 1.5 % bio-activated Zn 

coated urea, 1.5 % Zn coated and 1.5 % Zn blended urea showed better results as compare to 

control.  

 From the three levels used i.e., Zn coated, Zn blended and bio-activated Zn coated 

urea one best performing level was selected on the basis of growth and grains Zn 

concentration from pot culture experiments. These optimum levels of Zn coated, Zn blended 

and bio-activated Zn coated urea were evaluated under field conditions on rice and wheat 

crops. The results of field experiments revealed that with the application of Zn (ZnO) in the 

form of 1.5 % bio-activated Zn coated urea all growth parameters were improved 10 to 15 % 

as compare to recommended Zn (ZnSO4). The physiological parameters improved 

significantly and the percent increase in stomatal conductance, chlorophyll contents, 

photosynthetic and transpiration rate was 25 to 45% both in rice and wheat compare to 

control. On the other hand, as compare to recommend Zn (ZnSO4) the percent increase was 9 

to 15 percent in physiological parameters in both crops. In rice the grains yield was 4.9 and 

4.7 ton/ ha with 1.5 % bio-activated Zn coated urea and recommended Zn (ZnSO4), 
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respectively, while in wheat crop 5.8 and 5.5 ton/ha grains yield was obtained with above 

mention treatments, respectively. Overall the quality parameters such as oil contents (%), 

Crude proteins (%), nitrogen concentration in grains (%), moisture and dry matter contents 

improved significantly by the Zn application but 1.5 % bio-activated Zn coated urea showed 

maximum improvement varying 7 to 20 % as compare to recommended Zn (ZnSO4) in rice 

and wheat crops.  

 Grains Zn concentration increased by the application of 1.5 % bio-activated Zn 

coated urea up to 25 and 5 percent in rice and wheat, respectively, as compare to control and 

recommended Zn (ZnSO4). While the significant decrease in the phytate concentration of 

grains were observed in rice and wheat crops. The results of pot and field trials showed that 

all treatments had positive impact as compared to control where Zn was not applied but 1.5 

% bio-activated Zn (ZnO) coated urea showed best results in terms of growth, physiology, 

yield and grains Zn concentration.   

 Finally, the application of Zn in the form of 1.5 % bio-activated Zn (ZnO) coated urea 

has a significant effect on growth, physiology, yield and quality of rice and wheat crops. The 

Zn concentration also enhances and phytate concentration reduces in this way. The 

application of Zn and urea separately increases the extra labor cost but with the use of this 

strategy the extra labor cost and farmers ignorance to Zn use can be minimized. ZnO contains 

more Zn contents as compare to other Zn sources. Bio-activation of the insoluble Zn contents 

makes it soluble and easily available for plants. The bio-activation by ZSB and then coating 

on the urea is an environmental friendly approach. The Zn bio-fortification achieved 

successfully in rice and wheat crops. This approach to supply Zn to plants is novel due to 

eco-friendly, less costly and less time consuming as compare to the application of Zn and 

urea separately. The farmers of poor community can get maximum benefit by the application 

of bio-activated Zn (ZnO) coated urea from their limited resources. It can be concluded that 

for the cereals grown on the Zn deficient sites, 1.5 % bio-activated Zn (ZnO) coated urea is 

effective not only for the increase of Zn contents in cereal grains but might be fulfills the 

human Zn requirements. 
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APPENDIX 

Completely Randomized ANOVA for “Plant height” Rice pot experiment 

Table.4.2, Page no. 60               

Source DF SS MS F P 

Treatments 11 6545.7 595 173 0.64 

Error 24 82.7 3.5   

Total 35 6628.67    

Grand mean= 108.64 

CV= 1.71 

Alpha= 0.05, Standard Error for Comparison= 1.5154 

Critical Value for Comparison= 3.1275 

Completely Randomized ANOVA for “No. of tillers per plant” Rice pot experiment 

Table.4.2, Page no. 60                 

Source DF SS MS F P 

Treatments 11 123.4 11.3 40.4 0.00 

Error 24 6.7 0.2   

Total 35 130    

Grand mean= 9 

CV= 5.86 

Alpha=  0.05, Standard Error for Comparison = 0.4303 

Critical Value for Comparison = 0.8882 

Completely Randomized ANOVA for “Panicle length” Rice pot experiment. 

Table.4.2, Page no. 60 

Source DF SS MS F P 

Treatments 11 287.7 26.1 29.4 0.00 

Error 24 21.4 0.9   

Total 35 308.9    

Grand Mean= 20.972 

CV=  4.50 

Alpha= 0.05, Standard Error for Comparison= 0.7698 

Critical Value for Comparison= 1.5888 

Completely Randomized ANOVA for “Shoot biomass” Rice pot experiment. 

Fig. 4.8, Page no. 62 

Source DF SS MS F P 

Treatments 11 1975.3 179.5 59.9 0.00 

Error 24 72 3   

Total 35 2047.3    

Grand Mean= 64.278    

CV= 2.69 

Alpha= 0.05, Standard Error for Comparison= 1.4142 

Critical Value for Comparison= 2.9188 
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Completely Randomized ANOVA for “Root fresh weight” Rice pot experiment. 

Fig. 4.9, Page no. 63 

Source DF SS MS F P 

Treatments 11 584.9 53.1 17.9 0.00 

Error 24 71.4 2.9   

Total 35 656.3    

Grand Mean= 40.4   

CV= 4.3 

Alpha= 0.05, Standard Error for Comparison= 1.4077 

Critical Value for Comparison= 2.9052 

Completely Randomized ANOVA for “Root dry weight” Rice pot experiment. 

Fig. 4.9, Page no. 63 

Source DF SS MS F P 

Treatments 11 209.4 19 115 0.00 

Error 24 3.9 0.6   

Total 35 213.4    

Grand Mean= 18.5   

CV= 2.2 

Alpha= 0.05, Standard Error for Comparison=0.4  

Critical Value for Comparison= 0.7 

Completely Randomized ANOVA for “100 grains weight” Rice pot experiment. 

Fig. 4.10, Page no. 65 

Source DF SS MS F P 

Treatments 11 8.05 0.8 13.3 0.00 

Error 24 1.4 0.06   

Total 35 9.5    

Grand Mean= 2.6    

CV= 2.31  

Alpha= 0.05, Standard Error for Comparison= 0.19  

Critical Value for Comparison= 0.3961 

Completely Randomized ANOVA for “Total Paddy yield per pot” Rice pot experiment. 

Fig. 4.11, Page no. 66 

Source DF SS MS F P 

Treatments 11 147.3 13.4 142 0.00 

Error 24 2.3 0.09   

Total 35 149.5    

Grand Mean= 8.9     

CV= 3.45   

Alpha= 0.05, Standard Error for Comparison= 0.2504   

Critical Value for Comparison= 0.5168 
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Completely Randomized ANOVA for “Zn in grains” Rice pot experiment. 

Table  4.3, Page no. 69 

Source DF SS MS F P 

Treatments 11 1986.4 180.5 882 0.00 

Error 24 4.91 0.2   

Total 35 1991.3    

Grand Mean= 28.7     

CV= 1.58   

Alpha= 0.05, Standard Error for Comparison= 0.4   

Critical Value for Comparison= 0.7626 

Completely Randomized ANOVA for “Zn in root” Rice pot experiment. 

Table  4.3, Page no. 69 

Source DF SS MS F P 

Treatments 11 317.4 28.8 87.9 0.00 

Error 24 7.9 0.4   

Total 35 325.3    

Grand Mean= 19.4      

CV= 2.96    

Alpha= 0.05, Standard Error for Comparison= 0.4679    

Critical Value for Comparison= 0.9657 

 Completely Randomized ANOVA for “Zn in Shoot” Rice pot experiment. 

Table  4.3, Page no. 69 

Source DF SS MS F P 

Treatments 11 187.4 17.03 130 0.00 

Error 24 3.145 0.1310   

Total 35 190.523    

Grand Mean= 12.720       

CV=  2.85   

Alpha= 0.05, Standard Error for Comparison= 0.2956     

Critical Value for Comparison= 0.6100 

Completely Randomized ANOVA for “Phytate in grains” Rice pot experiment. 

Table  4.3, Page no. 69 

Source DF SS MS F P 

Treatments 11 2861081 260098 126 0.00 

Error 24 49549 2065   

Total 35 2910631    

Grand Mean= 749.39       

CV= 0.06    

Alpha= 0.05, Standard Error for Comparison= 37.099     

Critical Value for Comparison= 76.570 
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Completely Randomized ANOVA for “Phytate/ Zn” Rice pot experiment. 

Table  4.3, Page no. 69 

Source DF SS MS F P 

Treatments 11 4371.22 397.4 180 0.00 

Error 24 52.94 2.206   

Total 35 4424.16    

Grand Mean= 27.168        

CV= 5.47     

Alpha= 0.05, Standard Error for Comparison= 1.2127      

Critical Value for Comparison= 2.5029 

Completely Randomized ANOVA for “Plant height” Wheat pot experiment. 

Table  4.4, Page no. 74 

Source DF SS MS F P 

Treatments 11 2777.62 252.502 445 0.00 

Error 24 13.62 0.568   

Total 35 2791.14    

Grand Mean= 99.785         

CV= 0.76     

Alpha= 0.05, Standard Error for Comparison= 0.6152       

Critical Value for Comparison= 1.2697 

Completely Randomized ANOVA for “Spike length” Wheat pot experiment. 

Table  4.4, Page no. 74 

Source DF SS MS F P 

Treatments 11 40.6460 0.7 55.6 0.00 

Error 24 1.5941 0.07   

Total 35 42.2401    

Grand Mean= 11.195         

CV= 2.3       

Alpha= 0.05, Standard Error for Comparison= 2.2104       

Critical Value for Comparison= 0.4343  

Completely Randomized ANOVA for “Flag leaf length” Wheat pot experiment. 

Table  4.4, Page no. 74 

Source DF SS MS F P 

Treatments 11 61.3802 5.58 22.2 0.00 

Error 24 6.0417 0.2517   

Total 35 67.4219    

Grand Mean= 22.979          

CV=  2.18       

Alpha= 0.05, Standard Error for Comparison= 0.4097       

Critical Value for Comparison= 0.8455 
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Completely Randomized ANOVA for “No. of spikelets per spike” Wheat pot 

experiment. Table  4.4, Page no. 74 

Source DF SS MS F P 

Treatments 11 138.019 12.5472 43.3 0.00 

Error 24 6.7 0.2899   

Total 35 144.686    

Grand Mean= 174.457           

CV=  3.08        

Alpha= 0.05, Standard Error for Comparison= 0.1945        

Critical Value for Comparison= 0.2111 

Completely Randomized ANOVA for “No. of tillers per plant” Wheat pot experiment. 

Table  4.4, Page no. 74 

Source DF SS MS F P 

Treatments 11 47.4167 4.31061 19.4 0.00 

Error 24 5.34 0.223   

Total 35 52.75    

Grand Mean= 5.4167            

CV= 8.70         

Alpha= 0.05, Standard Error for Comparison= 0.3849         

Critical Value for Comparison= 0.7944 

Completely Randomized ANOVA for “Spike weight per pot” Wheat pot experiment. 

Table  4.4, Page no. 74 

Source DF SS MS F P 

Treatments 11 1266.56 115.141 53.8 0.00 

Error 24 51.33 2.139   

Total 35 1317.89    

Grand Mean= 49.056             

CV= 2.98         

Alpha= 0.05, Standard Error for Comparison= 1.1941          

Critical Value for Comparison=  2.4645 

Completely Randomized ANOVA for “Shoot biomass” Wheat pot experiment.  

Fig. 4.14, Page no. 75 

Source DF SS MS F P 

Treatments 11 455.722 41.4274 57.8 0.00 

Error 24 17.208 0.7170   

Total 35 472.910    

Grand Mean= 22.033 

CV= 3.84 

Alpha= 0.05, Standard Error for Comparison= 0.6914  

Critical Value for Comparison= 1.4269 

 

 

 

 

 



 

165 

 

Completely Randomized ANOVA for “Root fresh biomass” Wheat pot experiment.  

Fig. 4.15, Page no. 76 

Source DF SS MS F P 

Treatments 11 143.744 13.0677 3.17 0.00 

Error 24 98.933 4.1222   

Total 35 242.677    

Grand Mean= 12.521 

CV= 16.22  

Alpha= 0.05, Standard Error for Comparison= 1.6578  

Critical Value for Comparison= 3.4214 

Completely Randomized ANOVA for “Root dry biomass” Wheat pot experiment.  

Fig. 4.15, Page no. 76 

Source DF SS MS F P 

Treatments 11 27.95 2.6 82 0.00 

Error 24 0.7435 0.03   

Total 35 28.6986    

Grand Mean= 6.7  

CV= 2.7 

Alpha= 0.05, Standard Error for Comparison= 0.1437  

Critical Value for Comparison= 0.2966 

Completely Randomized ANOVA for “Grains yield per pot” Wheat pot experiment.  

Fig. 4.16, Page no. 79 

Source DF SS MS F P 

Treatments 11 78.5414 7.14 78.3 0.00 

Error 24 2.1883 0.09118   

Total 35 80.7297    

Grand Mean= 9.7   

CV= 3.11  

Alpha= 0.05, Standard Error for Comparison= 0.2466   

Critical Value for Comparison= 0.5089 

Completely Randomized ANOVA for “Zn in roots” Wheat pot experiment.  

Table 4.5, Page no. 81 

Source DF SS MS F P 

Treatments 11 317.3 28.9 87.9 0.00 

Error 24 7.9 0.4   

Total 35 325.2    

Grand Mean= 19.4    

CV= 2.96 

Alpha= 0.05, Standard Error for Comparison= 0.4679    

Critical Value for Comparison= 0.9657 
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Completely Randomized ANOVA for “Zn in shoot” Wheat pot experiment.  

Table 4.5, Page no. 81 

Source DF SS MS F P 

Treatments 11 187.4 17.1 130 0.00 

Error 24 3.2 0.1310   

Total 35 190.6    

Grand Mean= 12.720    

CV=  2.85 

Alpha= 0.05, Standard Error for Comparison= 0.2956     

Critical Value for Comparison= 0.6100 

Completely Randomized ANOVA for “Zn in grains” Wheat pot experiment.  

Table 4.5, Page no. 81 

Source DF SS MS F P 

Treatments 11 3153.17 286.652 650 0.00 

Error 24 10.58 0.441   

Total 35 3163.75    

Grand Mean= 29.5   

CV= 2.25 

Alpha= 0.05, Standard Error for Comparison= 0.5422   

Critical Value for Comparison= 1.1190 

Completely Randomized ANOVA for “Phytate in grains” Wheat pot experiment.  

Table 4.5, Page no. 81 

Source DF SS MS F P 

Treatments 11 2861081 260098 126 0.00 

Error 24 49549 2065   

Total 35 2910631    

Grand Mean= 749.39    

CV= 6.06  

Alpha= 0.05, Standard Error for Comparison= 37.099    

Critical Value for Comparison= 76.560  

Completely Randomized ANOVA for “Phytate/Zn” Wheat pot experiment.  

Table 4.5, Page no. 81 

Source DF SS MS F P 

Treatments 11 3841142 349195 182 0.00 

Error 24 45933 1914   

Total 35 3887075    

Grand Mean= 770.83   

CV= 5.68 

Alpha= 0.05, Standard Error for Comparison= 35.72   

Critical Value for Comparison= 73.723 
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Randomized Complete Block ANOVA for “Plant height” Rice field experiment 

Fig. 4.18 (a), Page no. 84 

Source DF SS MS F P 

Blocks 2 4 2 30.45 0.00 

Treatments 5 3228 645.6   

Error 10 212 21.2   

Total 17 3444    

Grand Mean= 128    

CV= 3.6 

Alpha= 0.05, Standard Error for Comparison= 3.7594    

Critical Value for Comparison= 8.3765 

Randomized Complete Block ANOVA for “Panicle length” Rice field experiment 

Fig. 4.18 (b), Page no. 84 

Source DF SS MS F P 

Blocks 2 0.083 0.0417 9.89 0.0013 

Treatments 5 140.5 28.1   

Error 10 28.41 2.9   

Total 17 169    

Grand Mean= 21.84     

CV= 7.72  

Alpha= 0.05, Standard Error for Comparison= 1.3764     

Critical Value for Comparison= 3.0668 

Randomized Complete Block ANOVA for “100 grains weight” Rice field experiment 

Fig. 4.18 (c), Page no. 84 

Source DF SS MS F P 

Blocks 2 0.03163 0.01582   

Treatments 5 0.40485 0.08097 2.56 0.0962 

Error 10 0.31577 0.03158   

Total 17 0.75225    

Grand Mean= 1.7650     

CV= 10.07   

Alpha= 0.05, Standard Error for Comparison= 0.1451     

Critical Value for Comparison= 0.3233 

Randomized Complete Block ANOVA for “Cholorophyll a” Rice field experiment 

Table 4.6, Page no. 90 

Source DF SS MS F P 

Blocks 2 0.44 0.222   

Treatments 5 1359 271.92 336.68 0.00 

Error 10 8.08 0.808   

Total 17 1368.15    

Grand Mean= 36.417    

CV= 2.47    

Alpha= 0.05, Standard Error for Comparison= 0.7338      

Critical Value for Comparison= 1.6350 
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Randomized Complete Block ANOVA for “Cholorophyll b” Rice field experiment 

Table 4.6, Page no. 90 

Source DF SS MS F P 

Blocks 2 0.0833 0.0417   

Treatments 5 94.4650 18.9 561.18 0.00 

Error 10 0.3367 0.0337   

Total 17 94.8850    

Grand Mean= 23.118    

CV= 0.79   

Alpha= 0.05, Standard Error for Comparison= 0.1498      

Critical Value for Comparison= 0.3338 

Randomized Complete Block ANOVA for “Carotenoides” Rice field experiment 

Table 4.6, Page no. 90 

Source DF SS MS F P 

Blocks 2 0.04101 0.02051   

Treatments 5 3.71 0.7420 14.63 0.003 

Error 10 0.5070 0.05071   

Total 17 4.2580    

Grand Mean= 0.8894    

CV= 25.32    

Alpha= 0.05, Standard Error for Comparison= 0.1839     

Critical Value for Comparison= 0.4097  

Randomized Complete Block ANOVA for “Stomatal conductance” Rice field 

experiment. Table 4.6, Page no. 90 

Source DF SS MS F P 

Blocks 2 0.23 0.12   

Treatments 5 5111.02 1022 130.68 0.003 

Error 10 0.78 0.08   

Total 17 5112.04    

Grand Mean= 88.9    

CV= 0.31 

Alpha= 0.05, Standard Error for Comparison= 0.2284    

Critical Value for Comparison= 0.5088 

Randomized Complete Block ANOVA for “Sub-stomatal CO2” Rice field experiment. 

Table 4.6, Page no. 90 

Source DF SS MS F P 

Blocks 2 106.8 53.4   

Treatments 5 78804.9 15761 522.45 0.003 

Error 10 301.7 30.2   

Total 17 79213.9    

Grand Mean= 264.03    

CV= 2.08 

Alpha= 0.05, Standard Error for Comparison= 4.4846   

Critical Value for Comparison= 9.9923 
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Randomized Complete Block ANOVA for “Photosynthetic rate” Rice field experiment. 

Table 4.6, Page no. 90 

Source DF SS MS F P 

Blocks 2 1.4940 0.7470   

Treatments 5 62.93 12.58 18.44 0.004 

Error 10 6.9 0.6826   

Total 17 71.25    

Grand Mean= 8.9    

CV= 9.38 

Alpha= 0.05, Standard Error for Comparison= 0.6776   

Critical Value for Comparison= 1.5041 

Randomized Complete Block ANOVA for “Transpirational rate” Rice field experiment. 

Table 4.6, Page no. 90 

Source DF SS MS F P 

Blocks 2 1.10623 0.05312   

Treatments 5 2.21425 0.44285 5.46 0.0111 

Error 10 0.81117 0.08112   

Total 17 3.1316    

Grand Mean= 2.3283    

CV= 12.23 

Alpha= 0.05, Standard Error for Comparison= 0.2325  

Critical Value for Comparison= 0.5181 

Randomized Complete Block ANOVA for “Water use efficiency” Rice field experiment. 

Table 4.6, Page no. 90 

Source DF SS MS F P 

Blocks 2 0.19223 0.96   

Treatments 5 4.6862 0.93 17.19 0.001 

Error 10 0.5451 0.054   

Total 17 5.4236    

Grand Mean= 3.47    

CV= 6.71 

Alpha= 0.05, Standard Error for Comparison= 0.1906 

Critical Value for Comparison= 0.424 

Randomized Complete Block ANOVA for “Ash contents” Rice field experiment. Table 

4.7, Page no. 91 

Source DF SS MS F P 

Blocks 2 0.75 0.375   

Treatments 5 31.24 6.248 30.18 0.001 

Error 10 2.07 0.207   

Total 17 34.06    

Grand Mean= 5.17    

CV= 8.8 

Alpha= 0.05, Standard Error for Comparison= 0.3715  

Critical Value for Comparison= 0.8277 
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Randomized Complete Block ANOVA for “Moisture contents” Rice field experiment. 

Table 4.7, Page no. 91 

Source DF SS MS F P 

Blocks 2 0.0033 0.00167   

Treatments 5 23.84 4.7 53.19 0.001 

Error 10 0.893 0.089   

Total 17 24.7    

Grand Mean=7.7     

CV= 3.9  

Alpha= 0.05, Standard Error for Comparison= 0.2445  

Critical Value for Comparison= 0.5448 

 Randomized Complete Block ANOVA for “Oil contents” Rice field experiment. Table 

4.7, Page no. 91 

Source DF SS MS F P 

Blocks 2 0.00007 3.2   

Treatments 5 0.00436 8.7 3.7 0.0000 

Error 10 0.00236 2.3   

Total 17 0.00678    

Grand Mean=0.06     

CV= 24.6 

Alpha= 0.05, Standard Error for Comparison= 0.0125  

Critical Value for Comparison= 0.0279 

Randomized Complete Block ANOVA for “Dry matter contents” Rice field experiment. 

Table 4.7, Page no. 91 

Source DF SS MS F P 

Blocks 2 1.2133 0.60667   

Treatments 5 24.4450 4.88900 6.80 0.0000 

Error 10 7.18 0.71867   

Total 17 32.8450    

Grand Mean= 92.317     

CV= 0.92  

Alpha= 0.05, Standard Error for Comparison= 0.6922   

Critical Value for Comparison= 1.5423  

Randomized Complete Block ANOVA for “Protein contents” Rice field experiment. 

Table 4.7, Page no. 91 

Source DF SS MS F P 

Blocks 2 5.3161 2.65807   

Treatments 5 33.0483 6.60965 6 0.0081 

Error 10 11.0247 1.10247   

Total 17 49.3891    

Grand Mean= 14.3     

CV= 7.36  

Alpha= 0.05, Standard Error for Comparison= 0.8573   

Critical Value for Comparison= 1.9102 
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Randomized Complete Block ANOVA for “Nitrogen contents” Rice field experiment. 

Table 4.7, Page no. 91 

Source DF SS MS F P 

Blocks 2 0.03413 0.01707   

Treatments 5 0.84625 0.16925 5.52 0.00 

Error 10 0.30667 0.30667   

Total 17 1.18705 1.18705   

Grand Mean= 2.2917      

CV= 7.64  

Alpha= 0.05, Standard Error for Comparison= 0.1430    

Critical Value for Comparison= 0.3186 

Randomized Complete Block ANOVA for “Zn in grains” Rice field experiment. Table 

4.8, Page no. 93 

Source DF SS MS F P 

Blocks 2 109.78 54.9   

Treatments 5 522.28 104.5 1.25 0.0000 

Error 10 832 83.3   

Total 17 1464.9    

Grand Mean= 38.9    

CV= 23.43  

Alpha= 0.05, Standard Error for Comparison= 7.5  

Critical Value for Comparison= 1.00 

  

Randomized Complete Block ANOVA for “Phytate in grains” Rice field experiment. 

Table 4.8, Page no. 93 

Source DF SS MS F P 

Blocks 2 34133 17067   

Treatments 5 1533250 306650 46 0.0000 

Error 10 66667 6667   

Total 17 1634050    

Grand Mean= 728.4    

CV= 11.2  

Alpha= 0.05, Standard Error for Comparison= 66.7  

Critical Value for Comparison= 148.54 

Randomized Complete Block ANOVA for “Phytate/Zn” Rice field experiment.  

Table 4.8, Page no. 93 

Source DF SS MS F P 

Blocks 2 1.41 1.328   

Treatments 5 1475.19 0.6021 437 0.0000 

Error 10 6.75 1.37   

Total 17 1483.35    

Grand Mean= 18.3    

CV= 4.5  

Alpha= 0.05, Standard Error for Comparison= 0.6707  

Critical Value for Comparison= 1.4944 
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Randomized Complete Block ANOVA for “Electrolyte leakage” Rice field experiment.  

Fig. 4.19, Page no. 96 

Source DF SS MS F P 

Blocks 2 5.334 2.667   

Treatments 5 852 170.400 39.94 0.0000 

Error 10 42.667 4.267   

Total 17 900    

Grand Mean= 30   

CV= 6.89   

Alpha= 0.05, Standard Error for Comparison= 1.6865   

Critical Value for Comparison= 3.7579 

Randomized Complete Block ANOVA for “Carbonic anhydrase activity” Rice field 

experiment.  

Fig. 4.20, Page no. 97 

Source DF SS MS F P 

Blocks 2 2133.3 1066.7   

Treatments 5 79600 15920 101.62 0.0000 

Error 10 1566.7 156.7   

Total 17 83300    

Grand Mean= 328.33   

CV= 3.81    

Alpha= 0.05, Standard Error for Comparison= 10.22    

Critical Value for Comparison= 22.771 

 Randomized Complete Block ANOVA for “Biomass production” Rice field 

experiment.  

Fig. 4.21, Page no. 98 

Source DF SS MS F P 

Blocks 2 5.741 2.8704   

Treatments 5 65.325 13.0650 2.89 0.0718 

Error 10 45.154 4.5154   

Total 17 116.220    

Grand Mean= 12.8    

CV= 16.6     

Alpha= 0.05, Standard Error for Comparison= 1.7350     

Critical Value for Comparison= 3.8659 

Randomized Complete Block ANOVA for “Grain yield” Rice field experiment.  

Fig. 4.22, Page no. 99 

Source DF SS MS F P 

Blocks 2 0.29430 0.02131   

Treatments 5 3.76600 0.5861 13.85 0.0003 

Error 10 0.54390    

Total 17 4.60420    

Grand Mean= 4.1367     

CV= 5.64      

Alpha= 0.05, Standard Error for Comparison= 0.1904    

Critical Value for Comparison= 0.4243  
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Randomized Complete Block ANOVA for “Plant height” Wheat experiment.  

Fig. 4.23, Page no. 102 

Source DF SS MS F P 

Blocks 2 0.03 0.015   

Treatments 5 1553 310.7 7964 0.0000 

Error 10 0.39 0.039   

Total 17 1553.50    

Grand Mean= 78.7    

CV= 0.25 

Alpha= 0.05, Standard Error for Comparison= 0.1612  

Critical Value for Comparison= 0.3539 

Randomized Complete Block ANOVA for “Spike length” Wheat experiment.  

Fig. 4.23, Page no. 102 

Source DF SS MS F P 

Blocks 2 0.0988 0.04940   

Treatments 5 28.6 5.70 188 0.0000 

Error 10 0.3020 0.030   

Total 17 28.9    

Grand Mean= 9.6    

CV= 1.83 

Alpha= 0.05, Standard Error for Comparison= 0.1419  

Critical Value for Comparison= 0.3062 

Randomized Complete Block ANOVA for “No. of tillers per plant” Wheat experiment.  

Fig. 4.23, Page no. 102 

Source  DF SS MS F P 

Blocks 2 1.088 5.4   

Treatments 5 35.6 7.1 23.7 0.0000 

Error 10 3 0.3   

Total 17 38.6    

Grand Mean= 5.25    

CV= 10.4 

Alpha= 0.05, Standard Error for Comparison= 0.4472 

Critical Value for Comparison= 0.9965 

Randomized Complete Block ANOVA for “Ash contents” Wheat experiment.  

Table 4.9, Page no. 105 

Source  DF SS MS F P 

Blocks 2 0.3481 0.17   

Treatments 5 20.1 4.02 4.09 0.0000 

Error 10 9.8 0.98   

Total 17 30.2    

Grand Mean= 4.7    

CV= 21.4 

Alpha= 0.05, Standard Error for Comparison= 0.8099 

Critical Value for Comparison= 1.8047 
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Randomized Complete Block ANOVA for “Oil contents” Wheat experiment.  

Table 4.9, Page no. 105 

Source  DF SS MS F P 

Blocks 2 0.00081 4.05   

Treatments 5 0.00409 8.1 2.6 0.0000 

Error 10 0.00306 3.05   

Total 17 0.00709    

Grand Mean= 0.0143    

CV= 27.8 

Alpha= 0.05, Standard Error for Comparison= 0.0143 

Critical Value for Comparison= 0.0318 

Randomized Complete Block ANOVA for “N contents” Wheat experiment.  

Table 4.9, Page no. 105 

Source  DF SS MS F P 

Blocks 2 0.00053 0.00027   

Treatments 5 1.1624 0.2324 13.65 0.003 

Error 10 0.1702 0.01703   

Total 17 0.1334    

Grand Mean= 2.4    

CV= 5.6 

Alpha= 0.05, Standard Error for Comparison= 0.1065 

Critical Value for Comparison= 0.2374 

Randomized Complete Block ANOVA for “Protein contents” Wheat experiment.  

Table 4.9, Page no. 105 

Source  DF SS MS F P 

Blocks 2 0.3011 0.15056   

Treatments 5 37.65 7.59159 70.36 0.00 

Error 10 1.0789 0.10789   

Total 17 39.3378    

Grand Mean= 13.311    

CV= 2.47  

Alpha= 0.05, Standard Error for Comparison= 0.2682 

Critical Value for Comparison= 0.5976  

Randomized Complete Block ANOVA for “Zn in grains” Wheat experiment.  

Table 4.10, Page no. 107 

Source  DF SS MS F P 

Blocks 2 2.707 1.353   

Treatments 5 251.005 50.20 1045 0.00 

Error 10 0.48 0.048   

Total 17 251.48    

Grand Mean= 40.123     

CV= 0.55   

Alpha= 0.05, Standard Error for Comparison= 0.1789  

Critical Value for Comparison= 0.3986 
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Randomized Complete Block ANOVA for “Phytate in grains” Wheat experiment.  

Table 4.10, Page no. 107 

Source  DF SS MS F P 

Blocks 2 133 67   

Treatments 5 2071203 414361 621541 0.00 

Error 10 7 1   

Total 17 2071904    

Grand Mean= 930.86    

CV= 0.09    

Alpha= 0.05, Standard Error for Comparison= 0.667   

Critical Value for Comparison= 1.4854    

Randomized Complete Block ANOVA for “Phytate/Zn” Wheat experiment.  

Table 4.10, Page no. 107 

Source  DF SS MS F P 

Blocks 2 1.57 0.783   

Treatments 5 1623.51 324.376 492.24 0.00 

Error 10 6.60 0.660   

Total 17 1631.97    

Grand Mean= 23.7     

CV= 3.43     

Alpha= 0.05, Standard Error for Comparison= 0.6632   

Critical Value for Comparison= 1.4777 

Randomized Complete Block ANOVA for “Electrolyte leakage” Wheat experiment.  

Fig 4.24, Page no. 109 

Source  DF SS MS F P 

Blocks 2 10.08 5.04   

Treatments 5 612 122.4 43.07 0.003 

Error 10 28.4 2.8   

Total 17 650.5    

Grand Mean= 32    

CV= 5.3 

Alpha= 0.05, Standard Error for Comparison= 1.3764 

Critical Value for Comparison= 3.0668 

Randomized Complete Block ANOVA for “Carbonic anhydrase activity” Wheat 

experiment.  

Fig 4.25, Page no. 110 

Source  DF SS MS F P 

Blocks 2 280 140.17   

Treatments 5 26462.5 5292.5 77.19 0.003 

Error 10 686.7 68.6   

Total 17 27428.7    

Grand Mean= 274.17    

CV= 3.02 

Alpha= 0.05, Standard Error for Comparison= 6.7 

Critical Value for Comparison= 15.064 
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Randomized Complete Block ANOVA for “Biomass Production” Wheat experiment.  

Fig 4.27, Page no. 113 

Source  DF SS MS F P 

Blocks 2 0.04030 0.02015   

Treatments 5 0.56367 0.11273 2 0.1643 

Error 10 0.56383 0.05683   

Total 17 1.16780    

Grand Mean= 14.080    

CV= 1.69 

Alpha= 0.05, Standard Error for Comparison= 0.1943  

Critical Value for Comparison= 0.4320 

Randomized Complete Block ANOVA for “Grain Yield” Wheat experiment.  

Fig 4.28, Page no. 114 

Source  DF SS MS F P 

Blocks 2 0.2033 0.00973 0.12 0.00 

Treatments 5 12.1650 0.08076   

Error 10 0.7367 0.07367   

Total 17 13.1050    

Grand Mean= 4.95     

CV= 5.48 

Alpha= 0.05, Standard Error for Comparison= 0.2216   

Critical Value for Comparison= 0.4938  

Randomized Complete Block ANOVA for “100 grains weight” Wheat experiment.  

Fig 4.29, Page no. 115 

Source  DF SS MS F P 

Blocks 2 0.280 0.14   

Treatments 5 196.1 39.22 3.12 0.003 

Error 10 0.32 0.032   

Total 17 196.7    

Grand Mean= 40.3    

CV= 0.44 

Alpha= 0.05, Standard Error for Comparison= 0.1461 

Critical Value for Comparison= 0.3254 

Residual Zn concentration.  

Completely Randomized ANOVA for Rice Crop (Pot Experiment) 

Fig. 4.30, Page no. 118. 

Source DF SS MS F P 

Treatments 11 1.1054 1.0049 103 0.00 

Error 24 0.02340 0.00098   

Total 35 1.1288    

Grand Mean= 0.53  

CV= 5.85 

Alpha= 0.05, Standard Error for Comparison= 0.255   

Critical Value for Comparison= 0.0526 

 

 



 

177 

 

 Residual Zn concentration.  

Completely Randomized ANOVA for Wheat Crop (Pot  Experiment) 

Fig. 4.30, Page no. 118. 

Source DF SS MS F P 

Treatments 11 1.51317 0.13756 78.4 0.00 

Error 24 0.04213 0.00176   

Total 35 1.555313    

Grand Mean= 0.6183  

CV= 6.78 

Alpha= 0.05, Standard Error for Comparison= 0.0342    

Critical Value for Comparison= 0.0706 

Residual Zn concentration. Page no. 119 

Randomized Complete Block ANOVA for Rice Crop (Field Experiment) 

Fig. 4.31, Page no. 119. 

Source  DF SS MS F P 

Blocks 2 0.79131 0.15826   

Treatments 5 0.00147 0.00012 3.12 0.003 

Error 10 0.79278 0.032   

Total 17 0.457    

Grand Mean= 0.6289  

CV= 1.76 

Alpha= 0.05, Standard Error for Comparison= 9.02    

Critical Value for Comparison= 0.0197 

Residual Zn concentration. Page no. 119 

Randomized Complete Block ANOVA for Wheat Crop (Field Experiment) 

Fig. 4.31, Page no. 119. 

Source  DF SS MS F P 

Blocks 2 1.25463 0.8922   

Treatments 5 0.00680 0.00057 3.32 0.000 

Error 10 1.26143 0.042   

Total 17 0.457    

Grand Mean= 0.7139  

CV= 3.33 

Alpha= 0.05, Standard Error for Comparison= 0.0194    

Critical Value for Comparison= 0.0423 


