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Zinc defi ciency is now recognized as the fi fth major nutrient defi ciency in humans. Zn defi ciency leads to diarrhoea, pneu-
monia and dwarfi sm in children and it is estimated that in India it leads to a loss of 2.8 million DALYs (disability adjusted 
life years). The main reason for Zn malnutrition in India is cereals being the staple food,which are low in Zn concentration 
and also contain phtates,which reduce bioavailability of Zn. Zn fortifi cation of cereals either by genetic bio-fortifi cation 
or ferti-fortifi cation (fertilizing cereals with Zn fertilizers) is the best way of intervention of Zn malnutrition. Of the two 
approaches ferti-fortifi cation of cerals is faster and quick rewarding for a country like India, where 48% of soils are Zn 
defi cient and good yield responsese of cereals are reported from all over the country. Zn fertilization of cereals increases 
both grain yield and Zn concentration in grain.
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As a contrast in developed countries such as USA, cereals 
meet only a little over 20% of the energy and protein needs 
of the people [13,14]. Rice and wheat make up to 83% 
of the total cereals produced in India. The polished rice 
contains about 13-15 mg Zn/kg grain [15], while the wheat 
grains may contain 25-47 mg Zn/kg. A diet of 330-400 g 
cereals/day supplies only 4-6mg Zn /day in the case of rice 
and 8-18 mg Zn/day in the case of wheat. However, only 
a part of the Zn present in cereals is bio-available due to 
the presence of phytate. The phytate content varies from 
0.14-0.60% in rice and 0.39-1.35% in wheat (Wikipedia 
Int.). Animal products contain higher amounts of Zn and 
also do not contain phytate, but these form only a very 
small part of Indian diet specially in the case of below 
poverty line people. Gibson [16] observed that a PZMR 
(phytate: Zn molar ratio) above 15 in foods is associated 
with reduced Zn bio-availability. Reducing the phytate 
in the seeds may help in increasing the bio-availability 
of Zn and several mutants have been found in maize with 
reduced phytate [17]. The latest recommended dietary 
allowance (RDA) of Zn is 5mg/day for children (4-8 
years), 11mg/day for adult males (31-50 years) and 8 mg/
day for women [18].

Ways to Alleviate Zn Malnutrition
There are three ways of intervention for Zn malnutrition. 
These are: (1) dietary supplementation with Zn [19-
23], (2) improving the diet composition by including 
animal protein, pulses, vegetables and fruits [24, 25] 
and (3) fortifi cation of cereal grains with Zn. Dietary 
supplementation with Zn and improvement of diet 

Introduction
Globally Zn is now recognized as the fi fth major nutrient 
defi ciency[1,2] after Protein-Calorie, Iron, Vitamin A 
and Iodine [3] and according to the International Zinc 
Nutrition Consultation Group (IZiNCG) as much as 
one-third of the world’s population may be at risk from 
inadequate Zn uptake [4]. 

 Zn plays an important role in the production of 
proteins in the body and thus helps in wound healing, 
blood formation and growth and maintenance of all 
tissue [4]. Zinc also supports immune function [5] and 
storage release and function of insulin [6]. There is 
some evidence that Zn may be important in host defence 
against cancer [7]. Zn defi ciency leads to diarrhoea and 
pneumonia in children [8,9]. Black [10] reported that 
453207 children under the age of 5 years died during 
2004 due to diseases caused by Zn defi ciency. Also 
childhood dwarfi sm is considered as an indication of 
Zn defi ciency and about 61 million children under the 
age of 15 years are reported to be dwarf [1]. A survey 
in Haryana [11] showed that 65% of the 258 pregnant 
women sampled had Zn defi ciency. Stein et al. [12] using 
DALYs (Disability adjusted life years) showed that Zn 
defi ciency in India is a highly relevant health problem 
and reported a loss of 2.8 million DALYs. 

Causes for Zn Malnutrition
The main reason for Zn defi ciency in humans in India is 
the fact that cereals are the staple food in India and meet 
above 60% of the energy and protein needs of the people. 
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composition requires infra-structure, purchasing power, 
access to market and health care centres and above all 
uninterrupted funding, which is hard to get. Also such 
programmes can reach only a part of the population, 
most likely urban, which is easy to reach. People living 
in rural areas and remote countryside can hardly benefi t 
from such programmes. For developing countries, such 
as, India fortifi cation of cereals with Zn is the best option 
for alleviating Zn defi ciency. This can be achieved in two 
ways, namely, genetically by breeding crop cultivars that 
absorb and transmit more Zn to grains or agronomically 
by fertilizing crops with Zn.

Bio-fortifi cation of Cereals with Zn
Genetic Zn (or other dietary micronutrients) fortifi cation 
of grains referred to as ‘Biofortifi cation’ was jointly 
mooted by Dr. Robin Graham of the University of 
Adelaide ( Australia) and Dr. Ross Welch of the Cornell 
University (USA) [26]. Dr. Graham’s primary focus was 
on improving micronutrient use effi ciency to increase 
plant productivity in micronutrient deficient soils, 
while Dr. Welch’s efforts were directed at increasing 
the content of micronutrients in crop grains to improve 
their nutritional quality. The initial research was funded 
by DANIDA, USAID and AICAR and research work 
was done at some CGIAR centres. It was found that 
substantial and useful genetic variation existed within 
key staple crops and breeding programmes can manage 
the traits for nutritional quality without sacrifi ce on yield 
and across a wide range of growing environments.

 These fi ndings led to the development of Harvest 
Plus Consortium of the CGIAR Challenge Programme, 
which is an international global alliance of research 
and implementing institutions in developing and 
developed countries with a goal of developing nutrient-
rich crop varieties [27]. The International Centre for 
Tropical Agriculture (CIAT) and the International Food 
Policy Research Institute (IFPRI) are coordinating the 
activities of plant breeding, human nutrition research 
dissemination, policy analysis and impact evaluation. 
The potential to increase Zn density exists in maize 
[28], wheat [29,30,31], rice [32], pearl-millet [33] and 
several other crops [34] and there is exploitable genetic 
variability in genetic pools of the crops making selection 
of nutritionally appropriate materials possible. 

 A high Zn effi ciency when defi ned as the ability of 
a plant to grow and yield under Zn stress in soil could 
be due to either one or all of the following: a better 
root system [35], higher synthesis and release of Zn 
mobilizing phyto-siderophores by the roots [36], affi nity 
of the root uptake system [37,38], translocation in plants 
[39] and capacity to utilize absorbed Zn [40,41] and the 
subject has been thoroughly reviewed [42]. In addition, 
the Zn availability in soil and soil physical, chemical 

and biological properties also play an important role in 
Zn uptake by plants [43]. However, much more research 
is needed before such genotypes can become available 
for cultivation in different regions of the world. Genetic 
research needs more time but the rewards can be high. 

Ferti-fortifi cation of Cereals with Zn
Agronomic approach for fortifi cation of food grains 
(ferti-fortifi cation), which involves fertilizing crops with 
Zn gives immediate results and goes well along with an 
increase in yield. For example. Shivay et al. [44] showed 
that in rice, grain yield increased from 4.0 to 5.1 t/ha and 
Zn concentration increased in grain from 30.2 to 47.7 
mg/kg when 5.2 kg Zn/ha was applied as 2% Zn (as zinc 
sulphate) coated urea. Similarly in wheat the grain yield 
increased from 3.7 to 4.5 t/ha and zinc concentration in 
grain increased from 39.9 to 51.1 mg/kg when 2.6 kg Zn/
ha was applied a 2% Zn (as zinc sulphate) coated urea 
[45]. Agronomists generally report data on grain yield 
and Zn uptake and skip Zn concentration data although 
it is determined and is essential for estimating Zn uptake. 
It is hoped that such data are also reported in future.

Zn Defi ciency in Indian Soils
Forty-eight per cent of Indian soils are defi cient in 
Zn [46]. Some of the most Zn defi cient soils are in 
Maharashtra (86%), Karnataka (73%), Tamil Nadu 
(56%), Bihar and Orissa (54%) and UP (46%); the 
fi gures in parenthesis are percentage of soil samples 
analysing low in available (DTPA extractable) Zn. A 
good response to Zn fertilization has been recorded all 
over the country and the increase in yield (t/ha) due to 
Zn fertilization averaged over hundreds of on-farm trials 
was 0.38 in wheat, 0.76 in rice, 0.67 in maize, 0.21 in 
pearl-millet,0.48 in sorghum,0.34 in barley and 0.35 in 
fi nger millet [47]. In these trials soil application of zinc 
sulphate was made at rates varying from 20-50 kg/ha. 

Methods of Zn Fertifi cation of Cereals
The options of methods of Zn application to plants 
include: soil application (broadcast or band placement), 
foliar spray, coating of seeds with Zn, soaking seeds in 
Zn solution, dipping roots of seedlings in solutions or 
suspensions of Zn salts and pushing galvanized nails 
or pieces of metallic Zn into tree trunks [48, 49]. Soil 
application is the most common method and prophylactic 
in nature, while foliar sprays are therapeutic in nature.

Conclusion
It is concluded that Zn ferti-fortifi cation (Zn fertilization) 
of cereal grains is the choicest option as a quick result 
yielding intervention to Zn malnutrition. Development 
of genotypes capable of Zn biofortifi cation will certainly 
help in making the best utilization of soil applied Zn 
and in reducing the rates of Zn application. Thus the 
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agronomic and genetic approaches of Zn fortifi cation of 
grains are complimentary in nature and will reach rural 
as well as urban people. Such programmes need to be 
implemented at a faster rate than at present.
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