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ABSTRACT 

 

Zinc (Zn) is a micronutrient, essentially required by plants, animals and humans. Zn deficiency in 

humans due to the consumption of food with inadequate Zn content is of global concern. 

Approximately, one third of poor world’s population is at high risk of Zn deficiency due to its reliance 

on cereals for daily caloric requirements. The cereals, generally grown on calcareous soils have low 

grain Zn. The major reason of lower Zn content in cereals is poor Zn bioavailability induced by various 

soil and/or crop management factors.  The factors responsible for low grain Zn are high soil pH, low 

organic matter, salinity/alkalinity, water logging, and poorly managed soil fertility. Due to its critical 

role in growth and development of humans, food with adequate Zn content is mandatory. This situation 

demands some effective strategies for the enhancement of grain Zn content to overcome human Zn 

deficiency. Zinc supplementation of food, Zn pills, breeding of high Zn uptake species, and 

biofortification through fertilizers are being employed to address the issue. Among all strategies, Zn 

biofortification through fertilizers is an effective and economical technique. Mineral Zn fertilizers are 

applied alone or in combination with organic and biofertilizers. Integrated use of mineral, organic and 

biofertilizers improves Zn uptake and assimilation in cereals grains. Nanotechnology and 

enrichment/coating techniques are also effective to enhance grains Zn. This review critically discuss 

the efficiency of various strategies to promote Zn availability and uptake by plants that assure food and 

nutrition security.  Zn enriched/coated urea is considered an effective tool to ensure crops with optimum 

concentration of Zn for human consumption.   
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1. Zinc and food security 
 

The inadequate supply of food to the poor 

community of ever increasing world population 

is a much highlighted issue. This situation has 

increased the pressure to produce more food, 

and agriculture has successfully met the 

challenge of feeding this ever growing 

population. On the other hand natural resources 

used to supply food are constant (UN, 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).  

Food quality is too much poor as most of the diet 

used is micronutrient deficient (Huang et al., 

2002). According to World Health Organization 

(WHO)  report  (WHO, 2002), hidden hunger 

with respect to micronutrients, especially, Zn, 

Fe, I and Se affects 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 an estimate, 2.7 billion 

people are suffering from severe Zn deficiency 

(Anonymous, 2004). Zn deficiency is 

responsible for 16% of respiratory disorders, 

10% of diarrhea and 18% malaria with 800,000 

deaths annually in poor world. Zn deficiency 

also negatively affects the immune system, 

reproductive system and cell growth, and causes 

skin disorders and cancer (WHO, 2012). The 

main cause of Zn deficiency is the cereals based 

food which is deficient in Zn. 

Zn makes 0.02% of the earth crust by weight 

with the average concentration of 70 µg g-1 in 

soil solution (Welz and Sperling, 1999). It is 
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released into the soil by various ways but mostly 

by anthropogenic activities (Sandstead and Au, 

2005). Zn is also most deficient element in soil 

due to its low mobility (ATSDR, 2005). The 

critical range of diethylene triamine penta acetic 

acid (DTPA) extractable Zn in soil is 0.6-1.0 mg 

kg-1, 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 act as a main point of entry for Zn and 

other elements into the food chain (Rouached, 

2013). Zinc is an essential micronutrient for 

various functions in plant’s life cycle (Hafeez et 

al., 2013).  Zn as a 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 (Broadley et al., 2012; Gurmani et al., 

2012). It is required for hydrogenase, carbonic 

anhydrase, Cu/Zn super oxide dismutase (SOD), 

RNA polymerase activity, ribosomal stability, 

and cytochrome synthesis (McCall et al., 2000).  

Zn regulates auxin synthesis, pollen formation, 

gene expression and antioxidant’s production 

within plant tissues (Luo et al., 2010). Zn 

deficiency decreases photosynthetic rate, 

produces small chlorotic leaves and induces 

sterility of spikes in wheat. The overall output 

decreases and fungal infection increases with Zn 

deficiency (Cakmak et al., 2000). Zn nutrition 

regulates water uptake and transport, decreases 

the adverse effect of heat and salt stress (Peck et 

al., 2010), regulates the tryptophan production 

which is precursor of indole acetic acid (IAA) 

(Alloway et al., 2004; Brennan et al., 2005). Zn 

deficiency badly impacts both flower and fruit 

formation and ultimately reduces crop yield 

(Ciftci et al., 2008). The optimum grain Zn 

concentration should be 50 µg g-1 of grains dry 

weight to fulfill human requirements, while the 

current status is 20-30 µg g-1 of grains dry 

weight.  It is reported that, by proper fertilization 

of Zn in cereals, 3 folds increase in grain Zn 

concentration can be achieved (Cakmak, 2008). 

It is well documented that its application to 

wheat increases Zn concentration in grains 

(Waters et al., 2009). 

Zn is also essential for normal growth and 

development of human beings (Hafeez et al., 

2013). The requirement of Zn for humans 

depends on age and gender. As compared to 

adults, infants, children, adolescents, pregnant, 

and lactating women have higher requirements 

for Zn and thus, are at increased risk of zinc 

depletion (Reeves et al., 2008). It is essential for 

functioning of immune cells, development of 

reproductive system, gastrointestinal and central 

nervous system and skeletal organs (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. Zinc deficiency 

increases the chances of occurrence of infectious 

diseases (diarrhea, pneumonia and malaria) in 

children (Black, 2008). Due to its deficiency, 

humans are suffering from skin problems, hair 

and memory loss (Lukaski, 2004). Moreover, 

86% of skeletal muscles consist of Zn. Its 

concentration is relatively high in pancreas, 

kidney cortex and hippocampus (Vallee and 

Falchuk, 1981). 

Food insecurity with respect to micronutrients is 

a global issue (IELRC, 2010). Until 2007, 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 up to 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. 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). Table 1 shows the 

deaths in children due to malnutrition. 
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Table 1. World’s annual mortality in the 

children of 5 years due to malnutrition 

Deficiency Deaths 

Vitamin A 666,771 

Zinc 453,207 

Iron 20,854 

Iodine 3,619 

(Black, 2008) 

2. Fate of applied Zn in soil 

 

In Pakistan, 70% of agricultural soils are Zn 

deficient (Kauser et al., 2001). Zinc deficiency 

is frequent in calcareous, neutral, peat, saline 

sodic, intensively harvested and highly 

weathered soils (Alloway, 2008). It mostly 

occurres  in soil  as zinc sulphide  (ZnS), and less 

frequently as 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).  

Zn uptake from rhizosphere is first step in 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). Various soil factors are 

responsible for its availability to plants. Due to 

its severe deficiency in soils the applied zinc 

readily absorbs on the exchange sites (Broadley 

et al., 2007). The remaining applied Zn is 

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).  

 

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 of fair 

quantity of total 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 

(Imran et al., 2014). The other reasons of low Zn 

contents in soils are low Zn in parent material 

(Kochian, 2000; Hussain et al., 2010), high soil 

pH (Alloway, 2004), high soil phosphorous 

content (Alloway, 2008), high salt concentration 

(Kausar et al., 1976), water logging (Johnson-

Beebout et al., 2009), low manure application 

(Cakmak, 2009) and fixation in soil matrix 

(Zhao and Selim, 2010). About 50% of the 

agricultural soils in China, India and Turkey 

have been affected by zinc shortage (FAO, 

2002).  

Deficiency of Zn in soil results in low Zn uptake 

by plants and ultimately less grain Zn 

concentration. Along with the soil factors, plants 

also vary in their abilities to uptake Zn from soil 

and its translocation and assimilation it into 

grains. Wheat, rice and maize are the major 

sources of daily calorie intake in under develop 

countries including Pakistan (Alloway, 2008), 

which are deficient in Zn content. 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) (Bouis and Welch, 2010). 

In human intestine, the phytate makes 

complexes with Zn and in this way Zn becomes 

unavailable or absorbs in lesser quantity in 

human body (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). 

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. 

 

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 et 

al., 2008). Zinc contents in cereal grain can be 

improved through breeding crop varieties, 

which uptake and assimilate more Zn in grain. 

Since plants are primary producers in food 

chain, for that reason improving the nutrients’ 

uptake by plants from the soil will be effective 
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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 Zn 

contents in soil. Increasing Zn contents through 

fertilizers is a short term solution (Cakmak, 

2008). Under such circumstances, 

biofortification through fertilizers is an 

attractive way to improve Zn in grain (Rafique 

et al., 2006). 

 

4.1. 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 (Table 2). 

 

Table 2: Effect of method of Zn fertilization on grain Zn content 

 

Fertilizer strategy Crop 

Increase in Zn 

contents with 

respect to 

control (%) 

Reference 

Zn coated urea  

(2.83 kg Zn ha-1) 
Rice 19 (Shivay et al., 2015) 

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

Foliar application of ZnSO4 Chick pea 56.5 (Pathak et al., 2012) 

Zn coating on urea Rice 7.21-20 (Nazir et al., 2016) 

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

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

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

Bioinoculation of 

Azospirillum sp. Strain 21 
Maize 107 (Biari et al., 2008) 

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

Bioinoculation (consortia: 

more than 2 PGPR) 
Rice 156.5 (Tariq et al., 2007) 

Foliar application Common beans 8.3 (Tolay and Gulmezoglu, 2004) 

Soil Application Rice 183.3 (Rehman et al. 2002) 

Soil Application Wheat 260 Yilmaz et al., 1997 

 

4.1.1. 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 

made significant increase in 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 application 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 

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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The application of Zn fertilizers in cereals 

improves Zn content in grains up to four folds 

depending on the application method (Nazir et 

al., 2016). Combined application of soil and 

foliar application resulted about 3.5-fold 

increase in Zn concentration of wheat grain. 

When a high grain Zn concentration is targeted 

with high yield of grains, then combined soil and 

foliar application is recommended (Nazir et al., 

2014). In Turkey convincing results have been 

obtained in field trials, about the importance of 

zinc fertilizer approach to enhancing Zn 

concentration in wheat grain e.g. agronomic bio-

fortification. Zn application on wheat grown 

under field trial at Central Anatolia improved Zn 

concentration in grains and productivity 

(Yilmaz et al., 1997). 

 

4.1.2. 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).  

 

4.1.3. Combined application of Zn through 

soil and foliar spray 

Higher grain yield with desired Zn content can 

be attained through combined (soil and foliar) 

Zn application (Haslett et al., 2001). Maximum 

grain Zn is obtained when Zn fertilizers are 

applied in the late growth stages of crop. 

Similarly, 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. Foliar 

application increases grain Zn concentration 3 

folds, on the other hand ZnSO4 is consider best 

source of Zn as compare to other sources. 

Addition of Zn instead of increasing grain Zn 

contents also provide seedling vigor and seed 

viability, High grain Zn concentration also 

provides 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. The maximum wheat 

grain Zn concentration was obtained by Ismail 

and his coworkers in 2010 when 21 kg ha-1 Zn 

was applied as soil and foliar application. 

 

4.1.4. 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 of their 

deficiencies 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 et al., 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 is improved with the 

application of ZnSO4 alongwith manure 

application (Akinrinde et al., 2006). Moreover, 

organic amendments, improve soil physical, 

chemical and biological properties (Tolay, et al., 

2004), microbial and enzymatic activates (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 (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). 

 

4.1.5. Zn solubilizers 
The naturally occurring micro flora/fauna play 

unique role in the solubility/availability of most 

of the nutrients including Zn. The specific 
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groups of microbes which play their role in Zn 

solubalization are called Zn solubalizers (Chen 

et al., 2003). These microbes have substantial 

potential to solubilize Zn in soil and make it 

available for plants (Subramanian et al., 2009). 

The role of microbes under drought, saline and 

toxic soil conditions is also well documented 

(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 microbes can 

enhance Zn availability to plants either through 

reduce soil pH, improve root growth or by Zn 

chelation (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 

(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 (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, Pseudoumonas, 

and Bacillus are well known microorganisms to 

facilitate ZnO, ZnCO3 and ZnS solubalization 

for plants (Saravanan et al., 2007). 

In many studies, the use of PGPR is effective 

and increase Zn concentration in different parts 

of plant. Its application increases Zn contents in 

grains and significantly increase has been 

observed in biomass e.g. 23% and grain yield 

65%, in rice crop. Moreover, PGPR inoculation 

has positive effect on physical parameters such 

as root length, shoot length, plant height and 

plant vigor with respect to control where no 

PGPR was applied (Tariq et al., 2007). 

Sometimes only one strain and in many cases 

consortia multi-strains applied to soil to enhance 

Zn concentration in crops, in most of cases 

multi-strains performed well as compared to 

single strain (Ramesh, 2014).  

Whiting et al. (2001) have also recorded through 

bacterial inoculation about 0.45 fold increase in 

bioavailable Zn in rhizosphere soil. It has also 

been widely reported that bacterial inoculation 

increases plant Zn content (Biari et al., 2008). A 

2-fold more Zn concentration in the shoot of T. 

caerulescens compared to control while uptake 

was increased up to 4-fold observed by Whiting 

et al. (2001). Likewise, inoculation of corn with 

Azotobacter and Azospirillum caused significant 

increase in Zn content in grain.   

Biari et al. (2008) observed up to 107, 85, 95 and 

107% increase in Zn content in seed with 

Azospirillum sp. strain 21, Azospirillum 

brasilense DSM2286, Azotobacter sp. strain 5, 

Azotobacter chrooccoccum DSM2286, 

respectively, compared to uninoculated control. 

While, Tariq et al. (2007) observed 133% 

increases in Zn concentration in grain with 

inoculation by conducting experiment on rice. 

The bacterial application also relieved the 

deficiency symptoms of Zn in plant. Hussain et 

al. (2015) also found that zinc solubilizing 

bacteria could improve maize growth and 

physiology.  Therefore, use of such inoculants 

could be valuable to increase solubilization of 

Zn in soil and its subsequent availability to 

plants. Due to lack of awareness this approach is 

not common among farmers. As zinc 

solubilizing microbes have the potential to 

improve the growth, yield and quality of grains 

so the researchers should focus on the 

biotechnology for quality grain production. 

 

5. Zinc coated mineral fertilizers  

 

Zn 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, 
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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 source. The coating of micronutrients like Zn 

and Cu reduce ammonia losses from urea 

(Ahmad et al., 2006). Figure 1 shows the 

mechanism of Zn coated urea. 

Cereals such as wheat and rice shows very good 

response to applied Zn fertilizers (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.  

 

Figure 1. The mechanism of Zn coated urea enhancing nitrogen and zinc availability to plant roots. 

 

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 help 

in Zn intake by humans. 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 at all 

times to achieve good nutrition for a healthy and 

happy life (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 (Takkar et al., 

1997). 

 

7. 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 
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nanoparticles as fertilizers (smart fertilizers) 

moved away from experimental to practical side 

(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 nonporous dimensions 

(Rai et al., 2012). Pokhrel and his coworker 

(2013) reported that the application of 

nanoparticles of 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 nanofertilizers 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. 

 

CONCLUSIONS 

 

Zinc deficiency in soil, plant and humans is well 

documented. Its biofortification in cereal is a 

safe and environmental friendly strategy for 

enhancing the zinc concentration in the 

population of developing world, who 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 are seemed to be a very 

effective strategy in the near future to ensure 

valuable Zn contents in crops especially in 

cereals. Zinc biofortification programs to 

control zinc deficiency are also require to sort 

out this problem in poor world. The appropriate 

level of fortification depends on the population 

and extent of Zinc deficiency in them. The 

milling process is also important because due to 

this process a lot of Zinc is losses. So, whole 

grain should be consumed. Proper fertilization 

of Zinc 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. In this way, we can achieve a prosperous 

community and optimum Zn concentration in 

cereals grain as well.   
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