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Abstract: Most of the health components based foods are boosted by the application of mineral nutrients. Farmers fertilize 
the crop for optimum to higher yields which has become essential, since post green revolution. In addition to higher yield, 
plant nutrition also affects other human nutritional needs like proteins, oils, vitamins and minerals. Trace elements necessary 
to human nutrition can be optimized by applying micronutrients to food crops. Some nutrients have their own restrictions to 
various factors like temperature, climate, time of applications, crop adaptability, etc., and few micronutrients are beneficial 
and play a significant role in food nutrition making easier access in the plant edible parts by its applications. It is important 
to note that foliar application of Zn and Fe at the later crop stage (mid booting stage or early milking stage) is found to be 
effective than early applications. When compared to related interventions like supplementation and fortification, 

biofortification was found to be significantly cost effective in applications to crop and creates value for human nutrition. 
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INTRODUCTION 

 

aize occupies third most important position in 

food crops next to wheat and rice. India is 
among the top 10 maize producers in the world and 

contributes around 2-3% of the total global 

production and is among the top 5 maize exporters in 

the world contributing 14% of the total maize 

exported to various countries around the world. 

Maize is an important cereal crop of India for larger 

section of populations, raw material for industries, 

feed for animals, and plays a major role in 

agricultural economy.   

Maize is consumed as basic food in some of the 

major countries as, corn flakes, corn syrup and oil. 
For animal feed, its feed value from grain, leaf and 

stem is gaining more importance in many countries. 

For industrial and pharmaceutical applications, it can 

be used to produce starch, ethanol, plastics and as a 

base product for antibiotic production. Starch is the 

main product of maize which gives dextrin, liquid 

glucose, powder glucose and crystalline dextrose.      

In the recent decades, because of its importance 

maize area has been steadily increasing or remaining 

stable in the maize producing countries. Maize 

processing industries encourages farmers to enhance 

the cultivable area under maize in order to sell the 
maize as cash crop. Maize is an exhaustive crop 

having high potential than other cereals and also 

absorbs huge quantity of nutrients from the soil at 

different growth stages of crop. The biggest user of 

maize in India is the poultry industry with 47% of the 

share followed by direct consumption at 20%. Other 

usages include cattle feed (14%) and starch (14%) 

followed by the food and beverage industry with a 

7% share. 

Normal maize has poor nutritional value because of 

poor contents of essential amino acids, such as lysine 

and tryptophan. But quality protein maize contains 

higher amount of these amino acids in the endosperm 
than normal maize. The productivity of quality 

protein maize is low due to inherent low soil fertility 

and poor nutrient management practices, and no use 

of secondary and micronutrients. The integrated use 

of organic manure and chemical fertilizers can 

augment the nutrient use efficiency and also enhance 

the productivity of quality protein maize. The 

balance combination of amino acids in quality 

protein maize have resulted in to its higher biological 

value ensuring more availability of protein to both 

human and animal as compared to normal maize.   
Biofortification is one such unique practice done 

through fertilization with nutrients and is been 

extensively used in maize with supplemental foliar 

spray for increasing the high concentrations of 

nutrients in grain. Eventhough this practice is 

common in crops, spraying minerals at the 

appropriate time during plant growth turns to an 

efficient nutritional starter/gainer in plant parts which 

helps in direct nutritional support to human 

population and animals, etc.  

Why biofortification? 

Billions of deprived people worldwide suffer from 
varied physical disabilities due to (micronutrient 

malnutrition) insufficient supply of nutrients, amino 

acids, vitamins and minerals. India is also one such 

country where a huge malnourished people are 

identified which needs quick interventions.  The 

problem of micronutrient deficiencies arises in 

developing countries where the rural population are 

totally dependent on cereal based diet as staple food.  

Essential human nutrition is protein, lysine, 

tryptophan, iron, zinc, vitamin A and vitamin C and 
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their deficiency will lead to various health disorders. 

Similarly antinutritional compounds such as erucic 

acid, glucosinates and kunits trypsin inhibitor (KTI) 

consumed at high concentration levels will lead to 

complication in health of humans and livestock 

(Pfeiffer and McClafferty, 2007) 
To overcome the nutritional problem, the most cost-

effective and sustainable technique is by enriching 

nutrients in staple food through Biofortification. 

Biofortification plays a crucial role in reducing the 

gap between the micronutrient requirements and 

increased intake of three micronutrient dietaries viz., 

Vitamin A, Iron and Zinc which is of public health 

significance worldwide. The Biofortified crops are 

delivered with enriched nutrients to rural 

communities or to the lower income group, where 

commercial fortification or supplementation is not 

accessible. The primary targets of Biofortification are 
the women and children, where their requirements 

are high and this often goes as unmet.  

The challenge remains, is to deliver nutritious, safe 

and cost-effective food to help improve the impact of 

nutritional security. To alleviate micronutrient 

deficiencies, various interventions like 

supplementation diet and dietary diversification has 

been tried and to be specific none of these 

approaches were found to be quiet effective, because 

of its poor distribution system and infrastructure and 

expensive (Tanumihardjo et al., 2007).  
Plants are capable of synthesizing essential dietary 

micronutrients and act as a biochemical storage 

house. The plant based foods consumed abundantly 

from rice, wheat, cassava and maize by populations 

contains several micronutrients that are insufficient 

to meet daily nutritional requirements.  These 

nutrients are unevenly distributed in plant parts. For 

example, iron and provitamin A carotenoides content 

is high in rice leaves but low in polished grain and 

similarly high in wheat bran and low in polished 

wheat flour.  Biofortification efforts are directed 

towards increasing levels of micronutrients in edible 
tissues of crops by integrating crop management 

practices and genetics and breeding approaches.   

Role of biofortification through fertilization 

The effective role of fertilizers is to provide nutrients 

to plants in order to grow, mainly with Nitrogen, 

Phosphorus and Potassium. This approach has an 

advantage, because it works faster. But for a long-

term strategy focussing on improving human health, 

there found to be a serious limitation with enhanced 

fertilizers. They are costly and expensive and need to 

be applied continuously.  The potential of 
biofortified crops is to provide a continuous supply 

of micronutrients to large populations with cost 

effective and easily accessible (Meenakashi et al., 

2010; Stein et al., 2006). With technical 

developments combined with economic savings 

Biofortification focuses on the path of “nutritional 

security” (Shetty, 2009). The importance of 

Biofortification to be noted is: 

Priority in selective nutrition: Biofortification 

allows selected nutrition to a particular crop, either 

by genetic or breeding or agronomic approach. This 

method of approach reduces the drudgery of 

consuming multiple foods so that required nutrients 

are incorporated in the crop. Ex., Fortification of 
Golden rice with vitamin A, so that poor people can 

consume nutritious food and Orange sweet potato for 

Vitamin A which yielded significant results in 

mothers and children’s. 

Need for overspending on food: In developing poor 

countries, people could not afford to spend on 

nutritious food, for which Biofortification gives a 

rescue hand. Since nutrition is focussed on single 

source, people need not spend on multiple foods. 

Lots of money can be saved and been used for their 

welfare activities.  

Increases human productivity: Due to lack of 
nutrients, there is a reduction in efficiency in human 

workforce output. Substitution with nutrients in an 

efficient manner can improve the productivity which 

contributes for economic and social growth and 

development.  

Biofortification is a multistage process which 

requires evaluation at every step and finally judged 

by the people/populations. Biofortification has many 

advantages on nutritional interventions. For ex., In 

heart disease, researchers must wait for decades to 

conclude if diet brings any difference. So they 
decided to measure the intermediate points not the 

final outcomes. Heath consequences of malnutrition 

emerges quickly, like anaemia in women, blindness 

in children and early death. Only biofortified food 

crops can make a difference and these developments 

and improvements will appear quickly in the coming 

years.  

Biofortification through foliar fertilization is a new 

technique extensively used in maize because of the 

introduction of hybrids with high increased use of 

fertilizers containing high concentrations of nutrients 

with the target levels of micronutrients. Keeping in 
view the growing importance of maize as food and 

feed, Biofortification of maize includes enrichment 

of micronutrients like provitamin A, Fe and Zn in 

grain, which plays a significant role in human health 

system. 

Micronutrient in human nutrition 

Micronutrient deficiency related health issues or 

problems are more prevalent in both urban and rural 

areas. Under present scenario three billion people 

around the globe are deficient in vitamins, minerals, 

specifically vitamin A, Iodine (I), iron (Fe) and Zinc 
(Zn) (Dahiya et al., 2008). This is due to lack of 

awareness about dietary practices, poverty, and lack 

of affordability towards balanced foods, which leads 

to micronutrient deficiency.  

Vitamin A: Plays an essential role in vision, immune 

response, bone growth, reproduction, embryonic 

development and regulation of adult genes. An early 

symptom of Vitamin A deficiency is night blindness. 
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Around 2.5 – 5.0 lakh children becoming blind every 

year and half of which die within a year of losing 

sight. Since humans and animals cannot synthesize 

vitamin A in their body, the only source achieved is 

through dietary means. In rural poor populations, 

plant foods are generally preferred than animal 
products, because of its rich source of provitamin A 

carotenoids. As a vitamin A supplement, β- Carotene 

rich maize is found efficient when consumed as a 

staple food when compared to other commercial 

fortified products (Gannon et al., 2014). 

Iodine: It is a component of thyroid hormones. 

Iodine deficiency disorders leads to greater cause of 

preventable brain damage in the foetus and infants 

and retarded psychomotor development in young 

children. It is estimated that more than one billion 

individuals suffer from goiter worldwide, out of 

which half of them from Asia are worst affected. 
Iron: An active constituent of catalytic site of heme 

and non-heme proteins. More than one-third 

population suffers from anemia out of which half of 

is by iron-deficiency. Iron deficiency affects 

cognitive development, resistance to infection, slows 

work productivity, dizziness and pregnancy, etc. 

Children of anemic mothers have low iron reserves 

and require more iron than supplied by breast 

feeding. It is estimated around 8 lakh deaths annually 

are attributed to iron deficiency anemia. 

Zinc: It is involved in RNA and DNA synthesis and 
is a constituent of zinc containing enzymes mainly 

for its cellular growth. One third of the population is 

at high risk due to zinc deficiencies. Zinc deficiency 

leads to impaired growth, immune dysfunction, 

increased mortality and abnormal neuro behavioral 

development. Zinc deficiency is directly related to 

the severity and frequency of diarrhea in children 

causing even death.    

In contrast Fe and Zn is an important nutritional 

problem specifically in developing countries, which 

needs genetic and agronomic Biofortification of food 

crops by enriching with Fe and Zn (other 
micronutrients) in grains or plant parts. Although it’s 

very simple and cost less, the application of essential 

micronutrients is complicated due to method of 

application, soil fertility, and mineral mobility in the 

plant and its accumulation in different sites (Zhu et 

al., 2007). This strategy has been successful in 

limited levels within specific locations only. 

Increasing the concentration of micronutrients in 

staple crop is the first step in making rich source of 

nutrition for human. 

Agronomic biofortification of maize 
Agronomic biofortification can provide temporary 

increase in micronutrient through fertilization 

enhancement in productive parts. Maize is one of the 

major staple crops with variety of uses.  Maize owes 

worldwide significance due to its utilization in 

human food and livestock feed.  Use of maize as 

human food and animal feed, has led to the increased 

productivity and rise in fertilizer applications and 

thus enhances the soil depletion and loss of phyto-

availability mineral (Raut et al., 2010; Lal, 2009). 

Due to this, mineral deficiencies have become a 

critical (limiting) factor in productivity and quality of 
crop.  

Among the Biofortification methods, application of 

fortified fertilizers with micronutrients is the cost 

effective and simplest method, and the success of 

agronomical Biofortification is highly variable due to 

its mineral mobility, its accumulation and soil 

compositions in the specific locations. Soil 

composition analysis has indicated that ½ of the 

agricultural soils are Zn deficient. Agronomic 

Biofortification is cost-effective and laborious as it 

demands continuous micronutrient application to the 
soils or plants. Biofortification by Fe foliar spray in 

rice crops was an effective way to improve iron 

concentration in rice grains (He et al., 2013; Yuan et 

al., 2013; Fang et al., 2008). 

Micronutrient fertilizers should be applied regularly 

and are costly and environmentally biased. Overall 

such strategies are applied to specific crops with 

mineral potentiality to boost the nutritional quality of 

foods. In general staple crop, grains have very low 

bio available levels of Fe and Zn (i.e. about 5% of 

total Fe and 25% of total Zinc). Increasing the Fe 

from 5% to 20% in grains is equal to four fold 
increase of Fe in applications. Mainly the presence of 

antinutrients in plant foods plays a significant role in 

reducing the bioavailability of essential 

micronutrients (Graham et al., 2001). They are listed 

as:

 

Antinutrients Essential micronutrients reserved 

Phytic acid Fe, Zn, Cu, Ni 

Cellulose, hemicelluloses, lignin, cutin, suberin Fe, Zn, Cu 

Tannins and Polyphenols Fe 

Lectins Fe 

Goitrogens I 

Heavy Metals (e.g., Cd, Hg, Pb) Fe, Zn 

 

Further, it is not always possible to target the edible 

portion of plant parts like seed or fruit. It even results 

in the accumulation of nutrients in leaves or non-

edible portions of plants. Therefore this technique is 

successful with certain minerals under specific 

crops/species. In addition, fertilizer accumulation in 

soil and water poses environmental adverse effects. 

Agronomic Biofortification which includes 

fertilization can boost the Fe, Zn, I and Se levels in 

foods. Deficiencies of I and Se does not limit the 
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crop growth, whereas correction of Fe and Zn 

deficiency can benefit both crops and consumers. 

Timing of foliar application of micronutrients is 

found to be critical besides following agronomic 

practices in maximizing micronutrient accumulation 

of Zn and Fe. Application of Zn and Fe is a 
complimentary solution to plant breeding and both 

are required for better efficacies. 

Importance of zinc and Fe (mineral fertilization) 

in maize crop 

Iron (Fe) and zinc (Zn) are the two major heavy 

metal micronutrients which play a vital role in plants 

and are essential in the biological system. Increase in 

Nitrogen nutritional status in plants by higher N-

fertilizer applications leads to higher accumulation of 

Fe and Zn in grain (Cakmak, 2010; white and 

Broadley, 2011). Although present in soil, their 

availability to plants is limited due to complicated 
soil properties and compositions (Wiedenhoeft, 

2006; Cakmak, 2008). Thus Fe and Zn application is 

utmost important and in specific foliar application 

helps in absorption and control of deficiency. This 

found to be a best method for biofortification in 

maize crop.    

Iron is transported around the plant in a chelated 

form, mainly as citrate and malate in xylem and 

nicotianamine (NA) synthase and its derivatives in 

phloem. In plants iron is stored in the form of 

ferritin. Plant ferritin gene has been over expressed in 
wheat, rice and maize, using endosperm as specific 

promoters. As stated earlier, bioavailability of iron is 

low (<15%) in plant foods and thus an important 

factor need to be considered in biofortification 

approach in staple crops like maize. Hence targeting 

iron specifically in endosperm is an alternative 

solution to the antinutrient (phytate) problem 

(Connorton et al., 2017). 

When applied in excess, Fe fertilization remains 

complicated and has a strong reaction towards 

insolubility. A foliar application of 2-3% Fe 

concentration in Fe-deficient soils increases Fe level 
in crops and improves yield, when applied at 

different intervals. These are expensive and improper 

applications leads to environmental hazards.  Iron 

deficiency affects more than two billion people, 

which directs to consider (Fe) mineral as priority in 

maize biofortification. Iron has low mobility in soil 

and due to this, foliar application is recommended 

with FeSo4 and the Fe-EDDHA chelates and Fe-

EDTA for better absorption (Frossand et al., 2000; 

Zhu et al., 2007).   

The ideal Fe, provided in chelate form is more 
available and effective against Fe deficiency, which 

is quite expensive and found to be marginally better 

in increasing Fe concentration in grain. Foliar 

application of ferrous sulphate (Fe2So4)3 has shown a 

better effect than soil application in increasing Fe 

concentration in cereals (grain), which also enhances 

the yield of crops. Fe when used under process 

fortification has been successful for Fe fortification 

which includes rice, fish, soy sauce, wheat flour & 

maize flour, milk and infant formulas. 

Zinc (Zn) is the most abundant element next to iron 

and is an essential micronutrient for plants. The 

fertilization of crop with Zn either through soil or 

foliar application is a common practice in agriculture 
crop/soil where Zn deficiency plays a critical role in 

crop productivity. The main focus is to correct Zn 

deficiency and improve the yield with no attention 

paid from the human nutritional perspective towards 

the Zn concentration present in the edible parts of 

seeds or grains or starchy roots. Foliar application of 

zinc fertilizer in wheat grain increases grain zinc 

concentration by up to 20 ppm in India and Pakistan 

(Zhou et al., 2012). Usually soil applications of Zn 

had little effect on the Zn concentration in grain, 

whereas foliar Zn sprays was quiet effective in Zn 

accumulation in grains. 
The foliar application of Zn was effective against 

reducing phytate (antinutrient) concentration in grain 

(Erdal et al., 2002; Cakmak et al., 2010). The 

bioavailability of Zn in diets is promising based on 

phytate/Zn molar ratio. In general, foliar Zn 

applications are Zinc Sulphate (ZnSo4) and EDTA – 

Chelated Zn. For correcting Zn-deficiency, Chelated 

Zn is superior to ZnSo4 but cost effective option 

should be compared with high priced Zn-EDTA. 

Above all, timing of foliar Zn-application is more 

important to determine the effectiveness in 
biofortification (Welch et al., 2013). Agronomic 

efficiency of Zn as foliar application was four times 

higher than soil applications and also rate of 

application was lower when applied as foliar spray 

(Dhaliwal et al., 2010). The dosage rate of 25 to 50 

kg ZnSO4 per ha are generally proposed for use in 

fertilization of soils/crops with Zn deficiency 

(Cakmak, 2008). Depending on the severity of the 

Zinc deficiency problem, a cost effective model in 

fertilization need to be worked out, to understand the 

better practices adopted in the region. At the initial 

stage, farmers need to be motivated about the 
strategy of Agronomic Biofortification use in staple 

crops, quality seeds and awareness about the Zinc 

nutrition to human health. This will bring a potential 

growth in fertilization (biofortification) of Zn as 

foliar spray or foliar + soil application, irrespective 

of stages it reaches for maintaining yield and helps in 

accumulation of available Zn in grain.   

Thus enriched micronutrient (Fe and Zn) in maize 

overcomes malnutrition, which holds immense 

quality for sustainable and cost-effective solutions.  

 

CONCLUSION 

 

Agronomic biofortification is the simplest and fastest 

way for biofortification of grains with Fe, Zn or other 

micronutrients, where cereals are mainly the staple 

food in developing countries. Agronomic 

biofortification is an alternate route to reach the rural 

poor populations, who cannot afford to buy mineral 
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supplements nor can afford to improve the diet 

components.  In the biofortification point of view, 

foliar application was found to yield better results 

than soil applications and also requires less amount 

of Fe and Zn fertilizers during applications. 

Adequate Fe and Zn fertilization is necessary when 
GM cultivars with improved Fe and Zn are 

developed. Thus genetic and agronomic approaches 

are complementary to each other and should progress 

in tandem. However a better understanding on 

micronutrient reactions, their absorption and 

translocation in plants, specifically to grains is 

required.  
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