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alnutrition affects more than two billion individuals, Africa and Asia being the
most affected regions Grew et al., (2018). “Biofortification” is defined as the
production of nutritionally enhanced food crops using modern biotechnological
techniques, conventional plant breeding, and agronomic practices Garg et al., (2018).
Traditionally the prime focus of our agricultural system is increasing grain yield and crop
productivity, leading to the rapid rise in micronutrient deficiency in food grains followed by
among the consumers. Recent trends shows a shift in the focus to the production of nutrient-

rich food crops in sufficient quantity Khush et al., (2012).
Need For Biofortification Research

The primary source of nutrients is agricultural products, especially for those living in
developing countries Graham et al., (2001). The diet includes rice, wheat, maize, cassava
which are insufficient in nutrients like vitamin A, iron, zinc, calcium, copper, magnesium etc.
These nutrient deficiencies cannot support a healthy life, thus resulting in poor health, stunted
growth, reduced socio-economic development Chizuru et al., (2003). Globally, 38% of
pregnant women and 43% of pre-school children are affected by malnutrition.
Biofortification can enhance the desired nutrition in the edible portion of the crop plant and
help in lowering the statistics. Moreover, biofortifying the crops consumed by the poor
population around the world can be a targeted approach for improving the amount of nutrient

consumed by the population Brinch et al., (2007).
Transgenic Approach For Biofortification

Transgenic methods are useful where there is limited or no genetic variation among
the plant varieties related to nutrient content Brinch et al., (2007). Hence, when a particular

nutrient is not present naturally in the crop, the transgenic approach is the only way to fortify
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this crop with the nutrient Perez et al., (2013). The transgenic approach helps in the
incorporation of the genes that help in increasing micronutrient level, reduce the presence of
antinutrient elements. The development of crops through these approaches need a substantial
amount of time, investment, effort, but it is a cost-effective and sustainable approach Das et
al., (2013). In wheat, provitamin A content is enhanced by expressing bacterial PSY and
carotene desaturase genes [CrtB, Crtl]] Wang et al., (2014). Iron content enhanced by
expression of ferritin gene from soybean Xiaoyan et al., (2012) and wheat [TaFer1-A] Borg
et al., (2012). Protein content enhanced by using Amaranthus albumin gene [amal] Tamas et
al., (2009).

Agronomic Approach for Biofortification

The agronomic method needs the physical application of nutrients for improving
temporarily the nutritional and health status of crops followed by the nutritional status of
consumers Cakmak et al., (2017). Micronutrients like iron, zinc, copper, magnesium etc., are
found in different proportion in edible parts of the plant, which are generally absorbed from
the soil. Thus, increasing the soil nutrient status can lead to reduced malnutrition in the
population Cakmak et al., (2008). This approach is simple and inexpensive but requires extra
attention to application methods, source of nutrients and environmental effect. Soil
microorganisms like Azotobacter, Bacillus, Rhizobium, Pseudomonas, etc., can also be used
to increase the Phyto-availability of nutrients Smith et al., (2007). Foliar application of urea
with iron inclusion has a positive correlation with high iron accumulation Aciksoz et al.,
(2011). Foliar application of zinc reduces the amount of antinutrient element (phytic acid)
and reduce zinc deficiency in the consumer population Yang et al., (2011). Moreover,
mycorrhizal fungi, along with fertilizers, are used extensively for biofortification Nooriaet
al., (2014). zinc biofortification was also achieved by using Bacillus aryabhattai Ramesh et
al., (2014).

Conventional Breeding Approach for Biofortification

This is the most acceptable approach for biofortification and is a sustainable, cost
effective alternative to the transgenic and agronomic approach. Sufficient genotypic variation
is needed to make this approach feasible. Here, the parent lines with high nutrient contents
are crossed with the lines with desirable agronomic traits for many generations to obtain

plants with desired nutrient and agronomic traits. Sometimes distant relatives can also be
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used in the crosses. Mutagenesis can be an alternative method to introduce variation Garg et
al., (2018). Closely related wild relatives of wheat with wide variation in grain iron and zinc
concentration can be used for exploitation of modern elite cultivars Monasterioet al., (2000).
Six high zinc wheat varieties released in India (2014)- BHU 1, BHU 3, BHU 5, BHU 6, BHU
7, and BHU 18. In Pakistan (2015)-NR 419, 42, 421, and Zincol. WB2 is high in iron and
zinc content developed by the Indian Institute of Wheat and Barley Research. High
provitamin A durum wheat variety (HI 8627) has been released by the Indian Agricultural
Research Institute (IARI), India, in 2005. Black grain wheat in China rich in protein and
selenium Li et al., (2006). The purple wheat cultivar (Indigo) released in Austria in 2006
Eticha et al., (2011).

Limitations

Agronomic approach- The success rates are highly variable due to difference in mineral
mobility, soil composition in specific geographical areas, mineral accumulation in plant
species Ismail et al., (2007). It is less cost effective and labour intensive, demands continuous
input of micronutrients on a regular basis. Many times it's not possible to target the edible
portion of the plant for nutrient accumulation. For example- in Turkey, the cereals absorbed a
high amount of zinc from the soil, but the accumulation of the zinc was not in the grain
Cakmak et al., (1999).Accumulation of antinutrient elements (phytic acid) is one of the
limitations Frossard et al., (2000). Moreover, the accumulation of such fertilizers in soil and

water also posses a setback Waters et al., (2011).

Conventional breeding approach- The major limitation is the availability of genetic
variation. It is a time taking process. Sometimes it may be impossible to breed for specific
traits by conventional means. Example- improving Se concentration in wheat grains Lyons et
al., (2005).

Transgenic approach- The major limitation is the low acceptance among the masses.
Another major limitation is different countries have adopted different regulatory processes
for the acceptance and commercialization of these transgenic crops Inaba et al., (2004). The
regulatory process is very expensive and time-consuming Watanabe et al., (2005)—example-
the case of Bt-brinjal.
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Conclusion

Biofortification is a promising, cost effective strategy for combating malnutrition in
the population throughout the world. The generation of biofortified crops with enhanced
nutrition especially increased content of iron, zinc, provitamin A etc., can provide a sufficient
level of these and other micronutrients that are frequently lacking in the diets of developing
and developed countries. Many international initiatives, like Harvest Plus programs and
national programs, act as a pillar to achieve the target. Traditional breeding approaches are
widely accepted rather than transgenic approach. Transgenically fortified crop plants have to
face difficulties due to acceptance constraints among consumers and different expensive and
time-consuming regulatory approval processes adopted by different countries. Biofortified
crops have a bright future and have the capacity to reduce malnutrition cases in developing

countries.
Reference

Aciksoz SB, Yazici A, Ozturk L and Cakmak I. (2011) Biofortification of wheat with
iron through soil and foliar application of nitrogen and iron fertilizers. Plant Soil.
349(1):215-25.

Borg S, Brinch-Pedersen H, Tauris B, Madsen LH, Darbani B and Noeparvar S,
(2012). Wheat ferritins: improving the iron content of the wheat grain. J Cereal Sci .56:204—
13.

Brinch-Pedersen H, Borg S, Tauris B and Holm PB. (2007). Molecular genetic
approaches to increasing mineral availability and vitamin content of cereals. J Cereal Sci.
46:308-26.

Cakmak I, Kalayct M, Ekiz H, Braun HJ, Kiling Y and Yilmaz A. (1999). Zinc
deficiency as a practical problem in plant and human nutrition in Turkey: a NATOscience for
stability project. Field Crops Res. 60:175-88.

Cakmak I and Kutman UB. (2017). Agronomic biofortification of cereals with zinc: a
review. Eur J Soil Sci. 69:172-80.

Cakmak I. (2008). Enrichment of cereal grains with zinc: agronomic or genetic
biofortification. Plant Soil. 302:1-17.

16



“~ - —

P\ /\G RI /4 LLIS Online ISSN: 2582-368X

Science for Agriculture and Allied Sector: A Monthly € Newsletter www.agria ll'S-CO m

Chizuru N, Ricardo U, Shiriki K and Prakash S. (2003). The joint WHO/FAO expert
consultation on diet, nutrition and the prevention of chronic diseases: process, product and
policy implications. Public Health Nutr. 7(1a):245-50.

Das JK, Kumar R, Salam RA and Bhutta ZA. (2013). Systematic review of zinc
fortification trials. Ann NutrMetab. 62(1):44-56.

Eticha F, Grausgruber H, Siebenhandl-ehn S and Berghofer E. (2011). Some
agronomic and chemical traits of blue aleurone and purple pericarp wheat (Triticum L.). J
Agric Sci Technol. 1:48-58.

Frossard E, Bucher M, Machler F, Mozafar A and Hurrell R. (2000). Potential for
increasing the content and bioavailability of Fe, Zn and Ca in plants for human nutrition. J
Sci Food Agric. 80:861-79.

Garg M, Sharma N, Sharma S, Kapoor P, Kumar A, Chunduri V and Arora P (2018)
Biofortified Crops Generated by Breeding, Agronomy, and Transgenic Approaches Are
Improving Lives of Millions of People around the World. Front. Nutr. 5:12.

Graham RD, Welch RM, Bouis HE. (2001). Addressing micronutrient malnutrition
through enhancing the nutritional quality of staple foods: principles, perspectives and
knowledge gaps. Adv Agron. 70:77-142.

Grew, R. (2018). Food in Global History; Routledge: New York, NY, USA.

Inaba M, Macer D. Policy, (2004). regulation and attitudes towards agricultural

biotechnology in Japan. J Int Biotechnol Laws. 1(2):45-53.

Ismail AM, Heuer S, Thomson MJ, Wissuwa M. (2007). Genetic and genomic

approaches to develop rice germplasm for problem soils. Plant Soil. 65:547-70.

Khush GS, Lee S, Cho JI and Jeon JS. (2012). Biofortification of crops for reducing
malnutrition. Plant Biotechnol Rep. 6:195-202.

Li W, Beta T, Sun S and Corke H. (2006). Protein characteristics of Chinese black-
grained wheat. Food Chem. 98:463-72.

17



- - —

P\ /\G RI /4 LLIS Online ISSN: 2582-368X

Science for Agriculture and Allied Sector: A Monthly € Newsletter www.agria ll'S-CO m

Lyons G, Ortiz-Monasterio I, Stangoulis J and Graham R. (2005). Selenium
concentration in wheat grain: is there sufficient genotypic variation to use in breeding? Plant
Soil. 269(1):369-80.

Monasterio | and Graham RD. (2000). Breeding for trace minerals in wheat. Food
Nutr Bull. 21(4):392-6.

Nooria M, Adibiana M, Sobhkhizia A and Eyidozehib K. (2014). Effect of
phosphorus fertilizer and mycorrhiza on protein percent, dry weight, weight of 1000 grain in
wheat. Int J Plant Anim Environ Sci. 4(2):561-4.

Perez-Massot E, Banakar R, Gomez-Galera S, Zorrilla-Lopez U, Sanahuja G and Arjo
G, (2013). The contribution of transgenic plants to better health through improved nutrition:
opportunities and constraints. Genes Nutr. 8(1):29-41.

Ramesh A, Sharma SK, Sharma MP, Yadav N and Joshi OP. (2014). Inoculation of
zinc solubilizing Bacillus aryabhattai strains for improved growth, mobilization and
biofortification of zinc in soybean and wheat cultivated in vertisols of central India. Appl Soil
Ecol. 73:87-96.

Smith SE and Read DJ. (2007). Mycorrhizal Symbiosis. 3rd ed. London, UK: Elsevie.

Tamas C, Kisgyorgy BN, Rakszegi M, Wilkinson MD, Yang MS and Lang L. (2009).
Transgenic approach to improve wheat (Triticum aestivum L.) nutritional quality. Plant Cell
Rep. 28(7):1085-94.

Wang C, Zeng J, Li Y, Hu W, Chen L and Miao Y. (2014). Enrichment of provitamin
A content in wheat (Triticum aestivum L.) by introduction of the bacterial carotenoid
biosynthetic genes CrtB and Crtl. JExp Bot. 65(9):2545-56.

Watanabe KN, Sassa Y, Suda E, Chen CH, Inaba M and Kikuchi A. (2005). Global
political, economic, social and technological issues on transgenic crops—review. Plant
Biotechnol J. 22(5):515-22.

Waters BM and Sankaran RP. (2011). Moving micronutrients from the soil to the
seeds: genes and physiological processes from a biofortification perspective. Plant Sci.
180(4):562—-74.

18



.

Volume 3 — Issue 3

””‘ ,\G R I :IQ L L I S Online ISSN: 2582-368X

Science for Agriculture and Allied Sector: A Monthly € Newsletter www.agria lllS.CO m

Xiaoyan S, Yan Z and Shubin W. (2012). Improvement Fe content of wheat (Triticum
aestivum) grain by soybean ferritin expression cassette without vector backbone sequence. J
Agric Biotechnol. 20:766-73.

Yang XW, Tian XH, Lu XC, Cao YX and Chen ZH. (2011). Impacts of phosphorus
and zinc levels on phosphorus and zinc nutrition and phytic acid concentration in wheat
(Triticum aestivum L.). J Sci Food Agric. 91(13):2322-8.

19



