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ABSTRACT: Zn is essential plant nutrient for alltypes of crops. It is deficient in all parts of the
globe with different types of soils. Under theseconditions application of Zn fertilizer is necessary
for healthy crop growth and higher yields.Soil and foliar applications of Zn fertilizer are
recommended for correcting deficiencies. Soilapplied Zn had a negative impact as the dissolution
rates of conventional fertilizer is low, so more and more amount of these fertilizers are needed to be
added. This leads to the adding huge amount of chemicals to be added to the soil which is toxic to
plants. Small particles size and larger surface area of nanoparticles made it more effective be used
as fertilizers. Zinc nanoparticles may have the potential to be used as fertilizers for increasing the
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1. INTRODUCTION

Micronutrient malnutrition —also called “hidden hunger” is a widespread global problem [1]. In
addition to the direct health effects, the existence of micronutrient malnutrition has profound
implications for economic development and productivity, particularly in terms of the potentially
huge public health costs and the loss of human capital formation [2]. Dietary micronutrient
deficiencies affect a large part of the global population. The World HealthOrganization estimates
that globally some two billion people are affected by iron deficiency and around 750 million people
suffer from iodine deficiency [2,3]. Also zinc deficiency is increasingly recognized as an important
public health problem [4, 5, 6]. In recent years interest in the occurrence of human micronutrient
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deficiencies has been growing strongly, for several reasons. Human micronutrient deficiencies

appear to be much more widely spread than previously thought and information on their
geographical distribution is rapidly increasing [7]. There is a considerable amount of new
information on the adverse health effects of various micronutrient deficiencies [8]. For example,
over past decades it has become increasingly clear that iodine deficiency, apart from causing an
enlarged thyroid gland (goiter), can also seriously impair intellectual development of infants and
children [9]. And while some years ago there was only limited public health interest in zinc, now it
is widely recognized that zinc deficiency is associated with suboptimal growth and reduced immune
competence in children. There are a number of reasons for the occurrence of dietary micronutrient
deficiencies. First, among poor populations overall food intakes are often below minimum
requirements and as a result not only the intake of macronutrients (carbohydrate, fat, protein), but
also the consumption of micronutrients (minerals, trace elements and vitamins) can be inadequate.
Second, among poor communities diets are often highly monotonous, which increases the risk that
the dietary intake of one or more specific micronutrients is below the amounts required for good
health? A more specific situation arises when in a country or region the majority of locally produced
foods have a low content of a specific mineral or micronutrient, as a result of the fact that the soils
on which local foods are grown are low in their contents or availability of this nutrient. When in
such places the people are largely dependent on locally produced foods, the intake of this nutrient
will most likely be inadequate. Perhaps the oldest and most well known example is iodine. In various
regions in the world (India, China) iodine deficiency disorders, such as cretinism and goiter, are
widely prevalent and strongly related with low levels of iodine in local soils and, as a result, in foods
grown on these soils or in drinking water derived from these soils [10]. In particular, zinc deficiency
1s now recognized as one of the most severe problems of human malnutrition world-wide [11,12].
It is estimated to affect up to one-third of the global human population [13] and is particularly
frequent in India, Southeast Asia, and equatorial Africa.Also in agriculture, micronutrients are an
issue of increasing interest and concern. Many research activities are being undertaken which
address the relationships between micronutrient provision to plants and associated crop growth, and
trace elements such as zinc, manganese and copper are increasingly recognized as essential when
aiming for better yields [14, 15, 16, 17, 18, 19, 20, 21].

2. Role of Zinc in Plant Nutrition

Zinc is one of the 17 essential elements necessary for the normal growth and development of plants.
It is among eight micronutrients essential for plants. Zinc plays a key role in plants with enzymes
and proteins involved in carbohydrate metabolism, protein synthesis, gene expression, auxin
(growth regulator) metabolism, pollen formation, and maintenance of biological membranes,
protection against photo-oxidative damage and heat stress, and resistance to infection by certain
pathogens [22,23,24,25,26]. Zinc deficiency in plants retards photosynthesis and nitrogen
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metabolism, reduces flowering and fruit development, prolongs growth periods (resulting in delayed

maturity), decreases yield and quality, and results in sub-optimal nutrient-use efficiency. Some of
the common deficiency symptoms of zinc in plants are light green, yellow or bleached spots in
interveinal areas of older leaves; emerging leaves are smaller in size and often termed as “little leaf”,
and exhibit rosetting, ie, the internodal distance becomes so short that all the leaves appear to come
out from the same point [27,28]. Zinc deficiency in crops resulting in heavy yield losses was reported
in Afghanistan [25], Australia [29], Bangladesh [25], Canada [30], China [31], Great Britain [25],
Turkey [32], India, [33], USA [34], Iraq [35], Pakistan [36,35] and Syria [34].

3. Available forms of Zinc in Soil

Zinc exists in five forms for plant uptake: a) as a free and complexed ion in soil solution; b) as a
non-specifically adsorbed cation; ¢) as an ion occluded mainly in soil carbonates and Al oxide; d) in
biological residues and living organisms; €) as lattice structures of primary and secondary minerals
[37, 38].Zinc is taken up mainly as divalent cations (Zn>") by plant roots. However in some cases,
organic ligand-Zn complexes are also absorbed by plant roots. Depending upon the ligand secreted
by plants roots, two physiological strategies are involved in uptake of divalent cations like Zn*".
Strategy one includes efflux of reductants, organic acids and H" ions, which enhance solubility of
Zn-Complexes (Zn phosphates, hydroxides etc.) and release Zn*>* ions for absorption by root
epidermal cells, include citric acid, malic acid or oxalic acids etc. The other strategy involves afflux
of Phytosiderophores which form stable complexes with Zn and their subsequent influx into root
epidermal cells. However, this mechanism is limited to cereals roots only. Phytosiderophores are
low molecular weight organic compounds which has high binding affinity for their respective metals
resulting in their chelation and acquisition [20].

4  Zinc deficiency in soils

Zinc has emerged as the most widespread micronutrient deficiency in soils and crops worldwide,
resulting in severe yield losses and deterioration in nutritional quality [34]. It is estimated that almost
half of the soils in the world are deficient in zinc. Since cereal grains have inherently low
concentrations, growing them on these potentially zinc-deficient soils further decreases grain zinc
concentration. The Food and Agriculture Organization of the United Nations (FAO) estimates that
50% of world’s soils growing cereal grains are zinc deficient. It further estimates that agricultural
production must increase by 70% by 2050 to feed over 9 billion people worldwide.India is no
exception. Analysis of over 256,000 soil samples from all over India showed that about 50% of the
soils were deficient in zinc (Fig. 1) and that this was the most common micronutrient problem
affecting crop yields in India. The reasons for the increase of incidences of zinc deficiency include
large zinc removals due to high crop yields and intensive cropping systems, less application of
organic manures, use of high analysis fertilizers (such as urea and DAP in place of AS and SSP),
increased use of phosphate fertilizers resulting in phosphorus induced zinc deficiency and the use
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of poor quality irrigation water. The soil conditions that commonly lead to zinc deficiency in crops

are low total zinc concentrations, such as sandy soils; highly weathered parent materials with low
total zinc contents, such as tropical soils; high calcium carbonate contents, such as calcareous soils;
neutral or alkaline pH, as in heavily limed soils or calcareous soils; high salt concentrations, ie,
saline soils; peat and muck, as in organic soils; and high phosphate status; prolonged water logging
or flooding, as in rice soils; and high magnesium and/or bicarbonate concentrations in soils or

irrigation water [25].
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Figure 1: Map showing extent of Zinc deficiency in India
Zinc deficiency in India is expected to increase from the present level of around 50% to 63% in
2025 if the current trend continues. This is also because increasing areas of marginal lands are
brought under intensive cultivation without adequate micronutrient supplementation. About 50% or
more soil samples tested were deficient in zinc in Maharashtra, Karnataka, Haryana, Tamil Nadu,
Bihar, Orissa and Meghalaya. Increased cropping intensity in marginal lands and less use of
micronutrients in the states of Bihar, Tamil Nadu, Maharashtra, Karnataka, Chhattisgarh, Jharkhand
and the hill region has further escalated the magnitude of zinc deficiency. The states of Punjab,
Haryana and part of Uttar Pradesh have, however, shown a build-up of zinc status and decline in
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zinc deficiency. This likely is due to greater awareness and use of zinc fertilizers by the farmers.

This success story needs to be replicated elsewhere in the country.Zinc deficiency is also widespread
in soil types and climatic regions where primarily dryland/rainfed farming is practiced [39,40,41].
In these rainfed areas, farmers’ fields found to be deficient in zinc were: 82% (out of 1926 samples)
in Andhra Pradesh, 82% (out of 82 samples) in Gujarat, 74% (out of 1260 samples) in Karnataka,
18% (out of 28 samples) in Kerala, 100% (out of 73 samples) in Madhya Pradesh, 15% (out of 179
samples) in Rajasthan and 61% (out of 119 samples) in Tamil Nadu. These data show that zinc
deficiency is widespread in the rainfed fields of the Indian semi-arid tropics. In a survey of soils
across 21 districts, zinc deficiency was widespread. More than 75% soil samples were found to be
deficient in zinc in 43% districts [40].

5 Soil Factors Associated with Zn Deficiency

Zinc deficiency is common throughout the arid and semi-arid regions of the world [29] due to low
Zn solubility and high Zn fixation under such conditions [42]. A significant amount of Zn is present
in the soil matrix, but only a small fraction of that is available to plants [43]. Several soil factors and
conditions may render soils deficient in total and available Zn. Weathered parent material, nature of
clay minerals, alkaline pH, sandy texture, high salt concentrations, calcareousness, water logging or
flooding, organic matter content, high magnesium and/or bicarbonate concentrations (also in
irrigation water), more nutrient uptake than application, intensive cultivation and the use of high
analysis fertilizers (i.e., poor in micronutrients) are considered to be the major factors associated
with the occurrence of Zn deficiency [25]. Variations in soil pH, lime content, organic matter, clay
type and the amount of applied phosphorus fertilizer can significantly affect the Zn bioavailability
[44]. Apart from other factors, Zn deficiency is one of the factors responsible for low yield. The
introduction of high yielding crop varieties in the past and their imbalanced fertilization also
contributed towards Zn deficiency in many parts of the world. The problem of Zn deficiency,
especially in the developing world, has been further aggravated due to a lack of information on Zn
sensitivity and by growing cultivars, which are highly susceptible to Zn deficiency. All types of soil
may be affected by Zn including: loams, sands, clays, loess, alluvium and soils formed from basalt,
sandstone, granite, volcanic ash and many other rocks. In general, soils of arid and semi arid regions
and the slightly acidic, leached soils of warm and tropical climates are most inclined to Zinc
deficiency, however crops are not equally susceptible to Zn deficiency and at the same soil some
crops may suffer from zinc deficiency while others are not affected. Major Zn deficiency causes
include 1). Soils of low zinc content, 2). Soils with restricted zones, 3) pH, 4). Soils low in organic
matter, 5). Microbially inactivated Zn, 6). High level of available phosphorous.

5.1 Parent material of soils and Zn content

The amounts of Zn in unpolluted soils typically are lower than 125 ppm [45,46]. The major factors
affecting the concentration of Zn in soils is the concentration of Zn in soil parent material. The soils
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derived from gneisses and granites can be low in total Zn and also those originating from sandstone

and limestone had lower Zn contents [47, 48]. Quartz in the soils dilute soil zinc, as quartz has very
low Zn concentration with range between 1-8ug/g [49]. Also total Zn is low (30ug/g) in highly
leached acid sands. The total Zn concentrations in soils vary between 10-300ug/g with an average
of 50ug/g. But the available Zn varied from 1-3ug/g. The problem is that only a small amount of
soil Zn is available to the crop because of one or more adverse factors. The remainder of the total
Zn is fixes in the soil in an insoluble or un-exchangeable form and difficult to make available to
crop.

5.2 Soil pH

Zinc availability is highly dependent on pH. When the pH is above 6, the availability of Zn is usually
very low. The availability of Zn in alkaline soils is reduced due to lower solubility of the soil Zn.
The concentration of Zn in the soil solution decreases from 10 to 10”7 M with an increase from pH
5- 8 [50]. Thus it is more probable that Zn deficiency will occur in alkaline rather than acidic soils.
The solubility constant values of ZnCO3 and hydroxides suggest that a soil having high pH would
usually contain a small amount of available Zn. In the case of soils characterized by high contents
of hydroxyl ions, it is difficult to get a crop response even to applied Zn. The lower availability of
Zn under alkaline conditions is attributed to the precipitation of Zn as Zn(OH), or ZnCO3[51,52].
The concentration of Zinc in shoots of Thlaspi caerulescens was found to be highest at lower pH
[53] and the uptake by plant decreases with the increase in the pH. According to a study conducted
by [54], the soil pH and uptake of Zn by plants shows a negative correlation. Increasing soil pH,
especially above 6.5 results in decreased extractability and plant availability of Zn to plants [55].
Availability of zinc decreases with increasing soil pH due to increased adsorptive capacity, the
formation of hydrolysed forms of zinc, possible chemisorption on calcium carbonate and co-
precipitation in iron oxides. Alkaline, calcareous and heavily limed soils tend to be more prone to
zinc deficiency than neutral or slightly acid soils.

5.3 Soil organic matter

Low organic matter contents in soils give rise to Zn deficiency as it is observed that availableZn
increases with increase in organic matter in soil. Soil organic matter is an important soil constituent
which originates from decomposition of animal and plant products. The most stable organic
compounds in soil are humic substances such as humic and fulvic acids. Both of these substances
contain a relatively large number of functional groups (OH, COOH, SH) which have a great affinity
for metal ions such as Zn**. Fulvic acids mainly form chelates with Zn over a wide pH range and
increases the solubility and mobility of Zn [50]. Simple organic compounds such as amino acids,
hydroxyl acids and also phosphoric acids are effective in complexing Zn, thus increasing its mobility
and solubility in soils [56]. An increase in the organic matter contents of a soil will increase its Zn
availability; however, if the organic matter content in soil is too high, like in peat and muck soils,
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this can also contribute to Zn deficiency due to the binding of Zn on solid state humic substances

[57].A positive correlation has been observed between the soil organic matter and plant zinc uptake
[54]. Soil Zn is usually more available in soils with greater organic matter content [58]. Available
zinc concentrations in soils with high organic matter contents (peat and muck soils) may be low due
to either an inherently low total concentration in these organic materials and/or due to the formation
of stable organic complexes with the solid-state organic matter.

5.4 Soil texture

Lighter textured soils (sands) contain low levels of Zn. Fine textured soils like clay have higher CEC
values and therefore have highly reactive sites and can retain more Zn than lighter textured soils
[51]. Therefore heavier textured soils with larger CEC have higher capacities for Zn adsorption than
light textured soils [48]. Consequently, Zn deficiency is more likely to occur in sandy than clayey
soils. Clay soils absorb Zn and this adsorption is controlled by CEC and pH [59]. The soil zinc is
more available in fine textured soil like clay [60,25]. Sandy soils and acid highly leached soils with
low total and plant-available zinc concentrations are highly prone to zinc deficiency [25].

5.5 Phosphate fertilizers

Soils with higher phosphate levels, either from native P or due to application of phosphate fertilizers,
can cause Zn deficiency stress in crops [25]. Heavy application or prolonged use of phosphate
fertilizers reduces Zn uptake by plants. This effect may be due to the physiological imbalances
within the plant [61]. Zinc deficiency due to phosphorus application is termed “P-induced Zn
deficiency” [33]. According to [62], Zn extractability and plant availability is negatively related to
the phosphate content in the soil.

6 Human Zinc nutrition and deficiency

Zinc is an essential component of a large number (>300) of enzymes participating in the synthesis
and degradation of carbohydrates, lipids, proteins, and nucleic acids as well as in the metabolism of
other micronutrients. It also plays a central role in the immune system, affecting a number of aspects
of cellular and humoral immunity [63]. Similarly, zinc is an essential nutrient for human health. It
is vital for many biological functions in the human body. The adult body contains 2—-3 g of zinc. It
is present in all parts of the body including organs, tissues, bones, fluids and cells. It is vital for more
than 300 enzymes in the human body, activating growth (height, weight and bone development),
growth and cell division, immune system, fertility, taste, smell and appetite, skin, hair and nails, and
vision. Some of the reported symptoms due to zinc deficiency in humans, especially in infants and
young children include dwarfism (growth retardation), dermatitis (alopecia), impaired neurology,
decreased immune function, infections and death. In industrialized countries, cases of mild zinc
deficiency can be observed. The most common symptoms include dry and rough skin, dull hair,
brittle finger nails, white spots on nails, reduced taste and smell, loss of appetite, mood swings,
reduced adaptation to darkness, frequent infections, delayed wound healing, dermatitis and acne
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[65]. The clinical features of severe zinc deficiency in humans are growth retardation, delayed sexual

and bone maturation, skin lesions, diarrhea, alopecia, impaired appetite, increased susceptibility to
infections mediated via defects in the immune system, and the appearance of behavioral changes
[65, 66, 67]. The effects of marginal or mild zinc deficiency are less clear. A reduced growth rate
and impairments of immune defense are so far the only clearly demonstrated signs of mild zinc
deficiency in humans. Other effects, such as impaired taste and wound healing, which have been
claimed to result from a low zinc intake, are less consistently observed [68]. Human population zinc
deficiency in an area is highly correlated with zinc deficient soil of that area. It is estimated that
about one-third of the world’s population suffers from zinc deficiency.Low dietary zinc intake is in
general the main cause of zinc deficiency. Zinc deficiency is a problem particularly in regions where
the population consumes mainly cereals and where soils are low in phyto-available zinc, as for
instance in India [69]. In the developing world, cereal grains provide nearly 50% of the daily calorie
intake of the population. This could be as high as 70% in rural areas. Although cereals provide a
major part of the total dietary zinc intake in these areas, they are not ideal as sources of nutritional
zinc, because they contain high concentrations of phytate, which complexes zinc and hinders its
absorption in the human intestine [70,71,72]. While the problem of zinc deficiency in developing
countries was recognized decades ago [73]. however the link between human zinc deficiency and
low zinc levels in soils and crops has been recognized only recently. [74] found that soil zinc
deficiency translated into low zinc concentrations in rice and these in turn into low serum zinc levels
of the local population in Andhra Pradesh, as long as there was no sufficient supply from other
sources of protein in the diet. It was found that there was a clear link between low zinc status in

Central Anatolian soils, zinc deficiency in wheat and zinc malnutrition in school children [75].
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Figure 2: Showing the relation between soil zinc deficiency and human zinc deficiency
6.1 Groups at High Risk
Compared to adults, infants, children, adolescents, pregnant and lactating women have increased
requirements for zinc and thus are at increased risk of zinc depletion [76].
6.1.1 Infants and children
Young children are at greater risk of zinc deficiency because of increased zinc requirements during
growth. Exclusively breast-fed infants of mothers with adequate zinc nutrients obtain sufficient zinc
for the first 5-6 months of their life [77]. After this age, complementary foods containing absorbable
zinc are required to satisfy their requirements. In many low-income countries, complementary
feeding is delayed and cereal foods are then used for feeding. These foods have low content of total
and absorbable zinc and thus fail to meet the needs for zinc. Conversely, early introduction of such
foods may interfere with the absorption of zinc from breast milk due to their high phytate content
[78]. Zinc requirements of malnourished children are estimated to be between 2-4 mg/kg body
weight [79]. These requirements are much higher than those for healthy children (0.17 mg/kg at 1-
3 years), presumably because of prior zinc depletion and reduced zinc absorption due to changes in

the intestinal tract.
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6.1.2 Adolescents

The physiological requirements for zinc peak during adolescence at the time of the pubertal growth
spurt, which generally occurs in girls between 10-15 years and in boys between 12-15 years. Even
after the growth spurt has ceased, adolescents may require additional zinc to replenish depleted
tissue zinc pools [80].

6.1.3 Pregnant and lactating women

Increased nutritional demands during pregnancy and lactation predispose women to zinc deficiency
[81]. These demands are greater during lactation, although physiological adjustments in zinc
absorption help to meet the needs for lactation. A number of studies have demonstrated a negative
impact of therapeutic supplemental iron on zinc absorption during pregnancy [82, 83]. and lactation
[84]. In pregnant women, where dietary intakes of zinc were low, supplemental iron, in dosages as
low as 60 mg/ day prevented those from meeting their needs for zinc [82]. Situations that seem most
likely to encounter problematic interactions are those in which the iron is administered in solution
or as a separate supplement rather than incorporated into a meal [85].

6.1.4 Elderly

Diet surveys indicate that zinc intakes by elderly persons are often inadequate, even in rich countries
[86]. Several factors may contribute to poor zinc nutrition among the elderly, in particular, reduced
consumption of zinc-rich foods. In addition, there is some evidence that the efficiency of zinc
absorption may decrease with age.

6.2 Functional Impairments of Zinc deficiency in Humans

6.2.1 Growth and development

One of the most studied clinical features related to zinc deficiency is the impairment of physical
growth and development [87, 88]. The mechanisms involved, however, are not well understood.
This effect is of most significance during the periods of rapid growth such as pregnancy, infancy
and puberty during which zinc requirements are highest [77].

6.2.2 Risk of Infections

Diarrhea: Diarrhea is characteristically, although not inevitably, a prominent feature of
acrodermatitisenteropathica[65, 12]. Plausible explanations for a link between zinc deficiency and
diarrhea include impairment of the immune system and of intestinal mucosal cell transport [89]. A
causal relationship between zinc deficiency and diarrhea is indicated by the beneficial effects of zinc
supplements and concurrent increase in growth velocity [90, 91].

6.2.3 Pneumonia

Community zinc supplementation studies in children have demonstrated a substantial and
statistically significant reduction in the prevalence of pneumonia in developing countries [90, 77].
7 Fortification of food crops

Biofortification is the process of increasing the content and/or bioavailability of essential nutrients
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in crops during plant growth through genetic and agronomic pathways [92]. It is a more cost-

effective and sustainable strategy to overcome micronutrient malnutrition than supplementation.
Where micronutrient deficiency is widely distributed in a population and dietary modification or
diversification is difficult to achieve, fortification of centrally processed foods is an appropriate
alternative. Mexico provides an example of a country with a nationwide zinc fortification program.
Apart from zinc, other micronutrients are added to wheat and corn flours that are used in preparing
bread and tortilla, the two principal staple foods in the country. For such multiple interventions
synergistic and antagonistic interactions between micronutrients have to be taken into account
during the development of appropriate formulations [63]. Fortification programs can also be
specifically targeted to increase the intake of zinc in groups of high risk such as infants and young
children who consume particular type of food. In many countries, infant formulas and
complementary foods are currently fortified with zinc and other micronutrients. Commercially
available standard infant formulas contain zinc in concentrations of around 1 mg/L, following
current recommendations. In general, the food selected for fortification should be one that is widely
consumed in stable and predictable amounts. Among several zinc compounds that are available for
fortification, zinc oxide and zinc sulfate are least expensive and most commonly used by the food
industry. Suggested levels for fortification of flour are 30-70 mg zinc/kg [93]. Zinc sulfate
theoretically provides more absorbable zinc because of its greater solubility, but it is more expensive.
7.1 Methods of Zinc Fortification

Biofortification is an agricultural strategy that aims to increase the content of select micronutrients,
including zinc, in staple food crops such as rice, wheat, maize, pearl millet, and others [77]. Dietary
zinc intakes can be increased through a variety of interventions [66]. These include both agronomic
and genetic biofortification of edible crops [94, 95,96]. Genetic biofortification involves
either genetic engineering or classical breeding, the development of crop genotypes that acquire
more zinc from the soil and accumulate it in edible portions [97] and agronomic fortification
strategies include the application of zinc fertilizers [95]. Agronomic biofortification can be achieved
by increasing soil zinc phytoavailability or by applying zinc fertilizers. The biofortification strategy
seeks to take advantage of daily consumption of certain food items. It targets towards women and
children in particular as they are more prone to micronutrient malnutrition. As a consequence of the
predominance of food staples in the diets of the poor, this strategy implicitly targets low-income
households [98].

7.2 Agronomic Fortification

Application of zinc fertilizers to soil and/or foliar seems to be a practical approach to improving
grain zinc concentration (e.g., agronomic biofortification). Very recently, a global zinc fertilizer

project has been initiated, so called HarvestZinc project (www.harvestzinc.org) under HarvestPlus

program. This project aims at evaluating the potential of zinc containing fertilizers for increasing
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zinc concentration of cereal grains (e.g., wheat, rice and wheat) and improving crop production in

different target countries (e.g., India, China, Pakistan, Thailand, Turkey, Mozambique, Zimbabwe
and Brazil). The zinc fertilizer strategy represents an important complementary approach to ongoing
breeding programs for developing new genotypes with high zinc density in grain. As described in
HarvestZinc project (www.harvestzinc.org), biofortification of cereal grains through use of zinc
fertilizers (e.g., agronomic biofortification) is required for 1) keeping sufficient amount of available
zinc in soil solution, ii) maintaining adequate zinc transport to the seeds during reproductive growth
stage and iii) optimizing the success of biofortification of staple food crops with zinc through use
of breeding tools. Increasing evidence is available indicating that soil and/or foliar applications of
zinc fertilizers greatly contribute to grain zinc concentrations [69]. In the past, numerous studies
have been published on the role of soil- and foliar-applied zinc fertilizers in order to correct zinc
deficiency and increase yield. However, there are only few studies that investigated the effects of
zinc fertilizers on grain zinc concentrations (or in other edible parts). Zinc sulfate (ZnSOy4) is the
widely applied source of zinc because of its high solubility and low cost. In Central Anatolia,
application of ZnSOy fertilizers was very effective in increasing grain zinc concentration of wheat
and foliar-applied zinc resulted in much greater increases in grain zinc concentration than the soil
application of zinc. It seems that combined application of soil and foliar zinc fertilizers is the most
effective way to maximize grain zinc accumulation. Besides improving grain zinc concentrations,
these soil or foliar zinc applications resulted also in significant increases in plant growth and grain
yield in various locations in Central Anatolia [76]. However Zn being heavy metal, indiscriminate
application of Zn fertilizers to soil over years will lead to accumulation in soil to the levels toxic to
the plants. With the current emphasis on Zn in agriculture, care should be taken not to overuse Zn
fertilizers. Therefore, an efficient mechanism to reduce the amount of Zn fertilizer application to
soil/ foliar without compromising the plant growth and yield is very essential. Hence, in recent years
the application of nano-scale particle of Zn is being preferred to enhance agronomic effectiveness
of Zn fertilizers. Now, after years of green revolution and decline in the ratio of agricultural products
to world population growth, it is obvious that there is necessity of employing new technologies in
the agriculture industry more than ever. Modern technologies such as bio and nanotechnologies can
play an important role in increasing production and improving the quality of food produced by
farmers. Many believe that modern technologies will secure growing world food needs as well as
deliver a huge range of environmental, health and economic advantages. Nanotechnology is one of
the most important tools in modern agriculture, and agri-food nanotechnology is anticipated to
become a driving economic force in the near future. Nano-agriculture focuses currently on target
farming that involves the use of nano-sized particles with unique properties to boost crop and
livestock productivity. The development of nano-materials could open up the novel applications in
plant biotechnology and soil science. It is anticipated that very soon the industrial production of
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manufactured nano-particles will be increased by manifold and released into the market. However

with significant potential benefits, there are considerable uncertainties with regards to potential risks
to the environment and human health that needs to be clarified.

7.3 Application of nano zinc oxide

In recent years the application of nano scale particle of Zn is being preferred to enhance the uptake
by plants. Particle size may affect agronomic effectiveness of Zn fertilizers. Decreased particle size
results in increased number of particles per unit weight of applied Zn and also increases the specific
surface area of a fertilizer, which will increase the dissolution rate of fertilizers with low solubility
in water such as Zn oxide (ZnO) [99]. Granular Zn sulphate (ZnSOs) (1.4 to 2 mm) was somewhat
less effective than fine ZnSO4 (0.8 to 1.2 mm) whereas granular ZnO was completely ineffective
[100]. Gradual increase in Zn uptake could be observed with decreasing granule size. Since granules
of 1.5 mm weigh less than granules of 2.0 or 2.5 mm, smaller granules were used for the same
weight, resulting in a better distribution of Zn and the higher surface area of contact of Zn fertilizer
resulted in better Zn uptake [101]. Therefore ample work has been done and emphasis was made on
the particle size to increase the efficiency of the fertilizers for better uptake and higher yields. ZnO
NPs were used during the seed germination and root growth of Cicer arietinum. The effect of ZnO
NPs has been observed on the seed germination and root growth of Cicer arietinum seeds. ZnO
nanoparticles (NPs) have been synthesized by hydrothermal method. This hydrothermally
synthesized product has been characterized by powder X-ray diffraction and field emission scanning
electron microscopy (FE-SEM) for the study of crystal structure and morphology/size. FESEM
image revealed that ZnO NPs are spherical in shape with a diameter of 20—30 nm. The effect of
these ZnO NPs on the reactivity of phytohormones, especially phyto stimulatory actions of Indole
acetic acid (IAA) is also carried out. Due to oxygen vacancies, the oxygen deficient, i.e. Zn-rich
ZnO NPs increased the level of IAA in roots (sprouts), which in turn indicate the increase in the
growth rate of plants as Zn is an essential nutrient for plant [102]. The effect of nano ZnO particles
on the growth of plant seedlings of mung (Vigna radiate) and gram (Cicer arietinum) was studied
by conducting experiment in agar media. Various concentrations of nano ZnO particles in suspension
form were introduced to the agar media and their effect on the root and shoot growth of the seedlings
was examined. The main experimental approach using correlative light and scanning electron
microscopy provided evidence of adsorption of nanoparticles on the root surface. Absorption of
nanoparticles by seedlings root was also detected by inductive coupled plasma/atomic emission
spectroscopy (ICP-AES). It was found that at certain optimum concentration, the seedlings
displayed good growth over control and beyond that retardation in growth was observed due to
toxicity [103]. Effectiveness of ZnO was studied on seed germination, seedling vigour, plant growth,
flowering, chlorophyll content, pod yield and root growth of peanut. Peanut seeds were treated with
different concentrations of nano ZnO along with chelated Zn Sulphate (ZnSO4). Treatment of nano
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scale ZnO (25 nm mean particle size) at 1000 ppm concentration promoted both seed germination

and seedling vigour and in turn seedlings showed early establishment in soil. Higher leaf chlorophyll
content and manifested in early flowering. These particles proved effective in increasing stem and
root growth. Pod yield per plant was 34 % higher compared to chelated bulkZnSO4 [104]. Spraying
optimum concentrations of nano-ZnO, nano-FeO and nano-Zn-Cu-Feoxide in suspension form on
hydroponically grown test units of Mung (Vigna radiata) seedling and examining the effect on the
shoot growth of seedlings, found that the seedlings displayed good growth over control,
demonstrating a positive effect of the nanoparticle treatment. The best performance was observed
for nano Zn/CuFe-Oxide followed by nano FeO and nano ZnO. Increased absorption of
nanoparticles by plant leaves was also detected by inductive coupled plasma/atomic emission
spectroscopy [105]. Different concentration (0.0, 10, 20, 30 and 40 g ml/L) of nano ZnO particles
were used for the treatment in onion seeds to study the effect on cell division, seed germination and
early seedling growth. Investigators observed decreased Mitotic Index (MI) and increase in
chromosomal abnormalities in higher treatments of zinc oxide nanoparticles. Seed germination
increased in lower concentrations, however showed decrease in values at higher concentrations.
Germination indices showed increased values in lower concentrations; however these decreased
significantly at higher concentrations [106]. It was reported an increase in length, width and surface
area of leaf, increased protein content and dietary fiber in Spinach sprayed with ZnO NPs at a
concentration of 500 PPM [107]. Increased yield and nutritional quality of pomegranate (Punica
granatum cv. Ardestani.) has also been reported by [108] with foliar application of Zn nanofertilizer.
In a study conducted by [109], on Capsicum annuum L. it was observed that the percentage
germination, root growth, shoot growth increased with increasing the concentration of ZnO NPs
from 0-2000ppm in a petri-plate experiment.Similarly, seed priming of wheat with ZnO NPs at a
concentration of 0, 25, 50, 75 and 100 PPM increased the growth characteristics, biomass and the
content of Zn in roots, shoots and grains of wheat with ZnO NPs than control in a pot experiment.
It was hence confirmed that nanoparticles could be a source of Zn aiming to reduce Zinc deficiency
in plants [110].

2.CONCLUSION

Micronutrient deficiency is a global problem affecting the plant and humans adversely. Since the
amount of zinc in parent soil material is very low, moreover various soil factors like pH, Organic
matter, phosphate in soil, texture of soil affects the uptake of zinc by plants and finally leading to
diet based low zinc in the humans. Various enzyme activation, pollen formation in plants are directly
linked to the content of zinc as micronutrient. Moreover the growth and development in humans is
influenced by the zinc in their diet. The available zinc in the World soil is relatively very low; hence
there is a widespread zinc deficiency in humans in those areas. Fortification of food crops can be a
substitute to the problem which will help to promote plant growth, increased yield and grain zinc
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density many folds. But huge quantities of conventional fertilizers have been added to overcome the

soil zinc deficiency, which leads to soil toxicity. Nanoparticles can be a replacement to the

conventional fertilizers with small size, larger surface area. Various studies have shown that using

Zn Nanoparticles have increased uptake of Zinc and its assimilation in grains. Consuming these

grains can help to alleviate the human zinc deficiency. So reviewing the current studies available it

can be concluded that there is need to study the use of nanoparticles in agriculture with field trails.
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