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ABSTRACT 

 Zinc (Zn) deficiency is one of the most important micronutrient disorders affecting human health. Among cereal 

crops, wheat is the most sensitive to Zn deficiency.  Wheat is the staple food for 35% of the world’s population and is 

inherently low in Zn, which increases the incidence of Zn deficiency in human. Zn deficiency is most likely to occur in plants 

growing on calcareous soils with inherently very low organic matter content. Zinc is most often applied to crops through soil 

and foliar methods. The application of Zn through seed treatments has improved grain yield and grain Zn status in wheat. 
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 Zinc (Zn) deficiency in higher plants was first 

reported by Sommer and Lipman (1926).  Zinc deficiency 

is prevalent in cereal crops, several parts of the world, 

resulting in low yields and poor quality grains (Cakmak 

et al. 1999). In extremely Zndeficient areas where wheat 

could barely produce grain, Zn fertilization alone 

increased wheat grain yield by 550%. Wheat also has 

higher concentrations of fiber and phytate, which further 

reduces Zn absorption by humans. The phytic acid 

concentration in wheat grains varies greatly depending on 

the milling fraction, with bran having the largest and 

endosperm (i.e. processed white flour) the smallest share. 

Zinc deficiency is widespread in RWCSdue to the 

sequential cropping of rice and wheat, high soil pH, and 

the formation of insoluble complexes of Zn with 

carbonates and bicarbonates (Rehman et al. 2012). 

The zinc concentration in soil varies depending 

on soil type. However, the mean concentration varies 

from 17– 125 μg g–1 with an average worldwide soil Zn 

concentration of ~64 μg g–1 for uncontaminated soils. 

Solonchaks, alluvial and rendzinas soils have the highest 

mean Zn concentrations while light organic and mineral 

soils have the lowest mean values .Soils with less than 10 

μg g–1 Zn are considered deficient while soils with >200 

μg g–1 Zn are contaminated from different sources 

(Alloway 2009). Availability of soil Zn to plant roots is 

determined by the physiochemical properties of soils (e.g. 

Zn content, pH, organic matter and clay content, 

temperature, moisture) as well as root exudates and soil 

microorganisms. The following section discusses the 

factors affecting Zn availability to wheat. 

SOIL pH 

 Soil pH is the most critical factor influencing Zn 

availability to crop plants, as Zn availability to crops 

largely depends on differences in soil pH. Zinc uptake 

decreases significantly with increasing soil pH from 4.6 

to 6.8 (Fageria et al. 2002). Wheat grown on high 

pH/alkaline soils with high clay contents may suffer Zn 

deficiency as Zn availability decreases on calcareous soils 

due to increasing soil pH and high concentrations of 

CaCO3. CaCO3 is highly adsorptive and retains Zn 

through chemisorptions. Sorption/desorption experiments 

with Zn indicated that the lack of availability of Zn in 

these soils was due to chemisorption on CaCO3. In Zn-

sufficient soils, CaCl2 subsequently desorbed about 20% 

of the additional sorbed Zn, but in Zn-deficient soils, only 

1% of additional sorbed Zn was desorbed (Cakmak 

2008). The Zn-binding strength increased up to seven-

fold with 0.05% Fe coating on calcite which severely 

reduced Zn availability to plants resulting in a higher 

incidence of Zn deficiency (Uygur and Rimmer 2000). 

High soil pH reduces Zn availability.Plant uptake zinc as 

Zn2+ via the ZIP transporter or secretion of 

phytosiderophores. Soil physiochemical properties (soil 

pH, organic matter, moisture, soil microflora and root 

structure) influence Zn availability in the soil. Moreover, 

wheat roots and soil microbes release organic acids, such 

as citrate and malate, to increase Zn solubility. Zinc 

moves through apoplastic and symplastic pathways 

followed by loading in the xylem and transfer to the 

phloem. Xylem loading ofZn takes place through HMA 

pumps. Some of the Zn may sequester in the vacuole 

route to xylem after absorption from soil. Zinc moves 

from xylem with the help of transport proteins to living 

xylem parenchyma cells in the leaf symplast; from here, it 

is transferred to the leaf apoplast and then to phloem, 

which is the vascular route of Zn translocation into 

developing seed. Zn transfers from the ear to maternal 

tissue and then to endosperm.  Loamy soils or heavily 

limed sandy soils may also have high calcite contents 

with pH>7, which can reduce plant Zn uptake. However, 

soils with low pH and calcite are common in tropical 

regions and should be limed to increase cereal production 

(Fageria and Stone 2008). In summary, high soil 

pH/alkaline soils are linked to Zn sorption on carbonates, 
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hydroxides and clay minerals, and thus limit Zn uptake by 

plants. 

SOIL ORGANIC MATTER 

 Soil organic matter plays an important role in Zn 

solubility and its availability to growing plants. Zinc 

deficiency is prevalent in soils, which are naturally high 

or low in organic carbon, waterlogged, or light-textured 

(Ahmad et al. 2012). In soils with low organic matter 

content, increasing the amount of soil organic matter can 

enhance the formation of soluble complexes, which may 

increase Zn uptake by plants .The addition of organic 

matter to such soils, enhances Zn bioavailability to plants.  

Soil organic matter itself can influence Zn adsorption; 

soils with high organic matter content may exhibit higher 

Zn adsorption than soils with low organic matter content 

(Gurpreet-Kaur et al. 2013). Moreover, soil type affects 

Zn adsorption as peat soils are naturally deficient in Zn 

due to adsorption, and further liming of these soils 

reduces Zn availability to plants (Abat et al. 2012). 

Alloway (2004) noted a significant positive correlation 

between soil extractable Zn and soil organic matter 

content. Mandal et al. (1988) reported that the addition of 

organic matter increased Zn bioavailability to rice plants. 

Clark (1982) stated that. In general, soils with very low 

organic matter cannot maintain ample reserves of 

available Zn and are more vulnerable to Zn deficiency. In 

mineral soils, organic matter content rapidly decreases 

with increasing soil depth accompanied by a decline in 

DTPA-extractable Zn (Alloway 2008). However, the 

addition of organic matter that decomposes quickly, such 

as manure, will form soluble Zn complexes and thus 

enhance Zn mobility and absorption by roots. Chelation 

of Zn by organic matter resists the formation of insoluble 

oxides and carbonates so that Zn in more accessible to 

plant roots in the rhizosphere (Schulin et al. 2009). In 

conclusion, Zn availability in soils is influenced by soil 

organic matter. Furthermore, the nature and content of 

organic matter are decisive factors for the availability and 

thus uptake of Zn by plant roots. Organic matter that 

decomposes promptly increases Zn availability due to the 

formation of soluble Zn complexes.  

SOIL TEMPERATURE, MOISTURE AND 

LIGHT INTENSITY 

 Environmental factors influence Zn availability 

as Zn deficiency is most prevalent in arid and semiarid 

regions where the topsoil is often low in plant-available 

water under rainfed conditions. Plants become more 

sensitive to Zn deficiency under low water availability. 

Under limited water supply, Zn movement in the soil is 

limited that restricts the Zn uptake by plants (Marschner 

2012). Several studies concluded that the growth of Zn-

deficient plants is poor under water-limited conditions 

and that the sensitivity to Zn deficiency is more 

pronounced when plants are drought-stressed (Hajiboland 

and Amirazad 2010). These studies also pointed out that, 

in drought-stressed plants, the effect of irrigation on grain 

yield is maximized with adequate Zn fertilization. Soil 

temperature also influences Zn availability as wet and 

cool seasons result in reduced Zn availability due to the 

reduced rate of soil mineralization (i.e. the liberation of 

Zn in organic matter by decomposition. Zinc deficiency is 

exacerbated in cool seasons as low temperatures restrict 

organic matter decomposition, root growth (Alloway 

2008) and mycorrhizal colonization, which further limit 

plant Zn uptake. Long day lengths and exposure to high 

light intensity also induce Zn-deficiency symptoms 

(necrosis and chlorosis of leaves) and related 

physiological responses such as impaired ROS 

detoxification (Marschner and Cakmak 1989). To 

summarize; environmental factors such as low soil 

temperature, less precipitation, long day lengths and high 

light intensity are linked to Zn deficiency owing to poor 

root growth and physiological impairments due to ROS. 

SOIL SALINITY AND INTERACTION OF Zn 

WITH OTHER ELEMENTS 

 Zinc deficiency is most common in arid and 

semiarid environments in saline soils. Higher Ca together 

with high pH reduces Zn availability to plants (Alloway 

2008). Zinc uptake decreases under saline soils due to 

strong competition between Zn and salt cations at the root 

interface. For example, in saline–sodic soils, the 

exchange sites are occupied by Na+ resulting in leaching 

of Zn, especially if the irrigated water has high Na+ 

(Alloway 2008). The uptake of Zn declines in salt-

affected soils contaminated with Cd due to the negative 

interaction of Zn with Cd and the formation of CdCl2 

(Khoshgoftar et al., 2004). In addition, high soil electrical 

conductivity and pH, and a higher concentration of Ca, 

Na, Mg, and HCO3 are the principal reasons for low Zn 

availability. The application of Zn to saline soil improves 

plant growth by limiting the uptake and translocation of 

Na+, Cd2+ and Cl– (Abd El-Hady, 2007). Zinc is a cation 

that interacts with almost all plant nutrients present in the 

soil, especially anions. For instance, Zn has a positive 

interaction with N in cereals as enhanced N supply 

increased the seed Zn concentration possibly by 

influencing the abundance of Zn transporters and level of 

Znchelating nitrogenous compounds (Kutman et al. 

2010). For instance, increasing the rates ofN application 
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to wheat enhanced root uptake and shoot translocation 

rate of Zn by 300% (Erenoglu et al. 2011). Increasing the 

rate of applied N also enhanced grain Zn concentration in 

wheat (Kutman et al. 2011). In contrast, Zn has a negative 

interaction with P. For example, increasing P application 

rates from 0 to 400 kg ha–1 reduced grain Zn 

concentration from 29 mg kg–1 to 13 mg kg–1 as higher 

rates of P application widened the P:Zn molar ratio thus 

reducing the bioavailability of Zn (Zhang et al. 2012). 

Recently, the negative interaction of P on grain Zn 

concentration was shown to be dependent on mycorrhizal 

infection as low or high P supply did not affect grain Zn 

when soil was sterile of mycorrhiza (Ova et al. 2015). 

Nevertheless, Zn had a positive interaction with K as Zn 

maintains membrane integrity and reduces leakage of K 

and amides. Sulfur application enhanced the Zn 

concentration in wheat. However, Zn suppressed the 

availability of Ca. High Ca concentration reduced Zn 

uptake and translocation, while Zn had a negative 

interaction with Cu and Mn. However, Zn can help to 

overcome B toxicityas it reduces B uptake. The Zn and 

Fe interaction is complex as Zn application either 

decreases, increases or does not influence Fe status. 

Under Zn deficiency, reduced expression of MTP3 and 

HMA3 in a Fedeficient mutant showed that Fe deficiency 

is linked with Zn accumulation as stunted growth and 

chlorotic leaves were visible at high levels of Zn (Gupta 

et al. 2016). In summary, saline soils limit Zn uptake due 

to a high concentration of Na on exchangeable sites 

together with other ions, i.e. Ca2+, Cd2+, and Cl–. Zinc has 

a positive interaction with some elements (N, K and Mg, 

and Ca) while it suppresses the availability and uptake of 

others (P, Cu, Mn and B). 

ZINC INTERACTION WITH SOIL 

BIOTA/MYCORRHIZAL COLONIZATION 

 Soil microorganisms can increase Zn uptake in 

plants. For instance, mycorrhizal colonization can 

effectively enhance the absorption of nutrients whose 

uptake is limited to diffusion from the soil solution to 

plant roots (Fageria et al. 2011). Arbuscular mycorrhizal 

fungi improved Zn uptake in several crops including 

wheat. Increased Zn uptake is due to colonization of 

AMF on plant roots, which increases the surface area via 

a hyphal network beyond the nutrientdeficient zone of 

roots. In a meta-analysis of 33 field studies, Pellegrino et 

al. (2015) reported that AMF increased grain yield and 

Zn concentration in wheat. Soil bacteria also help to 

enhance nutrient uptake. Among soil microbes, PGPRs 

are the most important as they increase nutrient uptake by 

colonizing the root surface due to signal transduction 

between the host plant and bacteria.In one study,  

identified Bacillus subtilis, Bacilluscereus, 

Flavobacterium spp. and Pseudomonas aeruginosa as 

Zn-tolerant bacteria that help to enhance Zn availability 

in soil and its uptake by plants. Bacillus aryabhttai also 

improved Zn accumulation in wheat grains by 

solubilizing the Zn bound to organic complexes and 

CaCO3, and increasing soil exchangeable Zn due to 

enhanced activities of soil microbes and increased 

redistribution of available Zn in the rhizosphere (Ramesh 

et al. 2014). Naz et al. (2016) reported that Zn-

solubilizing bacteria improved Zn uptake and partitioning 

in vegetative parts at different growth stages when used 

in combination with N and P fertilizer, as shoot Zn 

concentration increased with inoculation of Azospirillum; 

while inoculation with Rhizobium, Pseudomonas and 

Azospirillum increased the grain Zn concentration. For 

example, Rana et al. (2012) reported that inoculation of 

seed with Providencia sp. PW5 strain + recommended 

fertilizer increased protein and grain Zn concentrations by 

18 and 24.3%, respectively, compared to the control. In 

conclusion, PGPR and AMF are effective for improving 

wheat Zn status by increasing root growth and Zn 

solubilization, and could be used along with chemical 

fertilizers to overcome Zn deficiency.  

ZINC IN SOIL AND ITS DYNAMICS IN 

DIFFERENT WHEAT-BASED CROPPING 

SYSTEMS  

 Zinc is present in different inorganic and organic 

forms in the soil that influence its availability to plants. 

Zinc concentration varies depending on soil type. For 

instance, in mineral and organic soils, the Zn 

concentration is about 50 and 60 mg Zn kg–1 of soil, 

respectively. However, most agricultural land has a broad 

range from 10 to 300 mg Zn kg–1 of soil (Barber 1995).  

Rice–Wheat Cropping Systems 

 The rice–wheat cropping system is a major 

cropping system around the globe, particularly in South 

Asia where more than 75% of this cropping system 

occurs in the Indo-Gangetic Plains of Pakistan (2.2 Mha), 

India (9.2 Mha), Bangladesh (0.4 Mha) and Nepal (0.6 

Mha)  which are severely deficient in Zn (Alloway 2009). 

The Green Revolution helped in the development of 

short-duration wheat and rice varieties to allow the 

rotation of two crops per season. Most soils in RWCS in 

the IndoGangetic. Zinc availability declines under 

anaerobic conditions compared with aerobic conditions. 

Under anaerobic conditions, soil pH decreases with a 

concurrent decline in macro and microelement 
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availability, while in acidic soil, the soil pH increases and 

redox potential decreases. Most soils in RWCS are 

calcareous with a basic soil pH, which reduces the 

availability of Zn (Farooq et al. 2018). Soil pH is the key 

factor influencing Zn availability in the Indo-Gangetic 

Plains.Additionally, Zn translocation and uptake is 

restricted by the presence of high bicarbonate (HCO3) in 

soils. Flooding initially increases the Zn concentration in 

soil solution, but will decline with time due to the 

formation of insoluble compounds such as franklinite, 

zinc carbonate (ZnCO3) and zinc sulfide (ZnS). The 

formation of these compounds occurs due to the 

decomposition of soil organic matter. Moreover, green 

manure crops enhance Zn uptake and grain yield in 

wheat. For instance, in a basmati rice–durum wheat 

cropping system, the incorporation of dhaincha (Sesbania 

culeate) increased grain yield and grain Zn concentration 

in durum wheat (Singh and Shivay 2013). Zinc deficiency 

is widespread in RWCS due to the alkaline nature of 

soils, the presence of CaCO3, and the conventional 

production practices for rice and wheat. The use of green 

manure crops along with chemical fertilizers can help to 

alleviate Zn deficiency in this cropping system. 
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