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Abstract 

In the face of global malnutrition, biofortification of fruit crops is a promising technique to enhance nutritional quality. Micronutrient 

deficiencies and poor dietary quality affect many worldwide. Recent advancements in molecular biology expedite breeding processes to 

selectively enhance nutritional traits while preserving desirable agronomic characteristics. Integrating conventional breeding, molecular 

biology, agronomic practices, and post-harvest interventions, biofortification initiatives can improve nutritional quality, human health 

outcomes, and sustainable food systems. Agronomic interventions, such as sustainable soil management, optimized fertilization  and tailored 

irrigation maximize nutrient uptake and assimilation, enhancing nutrient bioavailability and absorption. Agronomic biofortification is a 

feasible, cost-effective approach that ensures agricultural sustainability by reducing the need for external supplements and minimizing 

environmental harm. This review focuses on strategies employed in zinc (Zn) biofortification to enrich fruit crops.  
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Introduction 
In developing nations, the global challenge of malnutrition 

is characterized by inadequate access to essential 

micronutrients and vitamins which is a concern nowadays. 

Significant proportions of the population worldwide suffer 

from deficiencies in iron, zinc, iodine, and selenium leading 

to health complications. Even several other developed 

nations, including the UK (Mayer 1997) [18] and the USA 

(Davis et al., 2004) [9] have demonstrated historical 

reductions in important minerals in fruit and vegetables. 

According to Global Panel on Agriculture and Food 

Systems for Nutrition report 2016, tackling malnutrition is 

one of the largest challenges being faced in all countries. 

Therefore, implementing a dual-purpose strategy that 

addresses nutrition goals and health challenges by 

enhancing food systems and increasing production 

sustainability (Scott, P. 2017) [24]. Traditional agricultural 

practices offer partial solutions, but biofortification emerges 

as a sustainable and transformative approach in enriching 

food crops with vital nutrients. The improvement of food 

crops nutritional value via agronomic methods, traditional 

breeding methods and transgenic techniques is known as 

biofortification. Conventional breeding uses natural genetic 

diversity to improve nutritional profiles no doubt this 

approach has broad application but require extensive time 

and resources. Additionally, innovative post-harvest 

processing techniques preserve nutrient integrity and 

enhance bioavailability ensuring that biofortified fruits 

retain their nutritional potency from farm to table. When it 

comes to micronutrient utilisation efficiency, foliar 

application (the spraying of water-soluble forms) improves 

it significantly over soil application. Moreover, the 

biofortification levels attained through these methods are 

noteworthy. Therefore, biofortification has proven to be 

highly effective and efficient with numerous success stories 

that support its potential in addressing hidden hunger.  

 

Importance of zinc as a micronutrient 

Micronutrients play a significant role in growth as well as 

physiological functions in fruits. Zinc belongs to the group 

of essential trace elements that are vital in small amounts to 

living organisms for normal metabolic functions (Sturikova 

et al., 2018) [30]. Zinc is one of the important micronutrients, 

which is involved in photosynthesis, activation of enzyme 

systems, protein synthesis, carbohydrate translocation, 

pollen grain germination, pollen tube elongation, and 

consequently fruit set, seed development, and yield (Abd-

Allah, 2006; Swietlik, 2002; Tsonev & Lidon, 2012) [1, 32, 34]. 

Zinc helps in the formation of tryptophan, a precursor of 

IAA responsible for growth stimulation (Mallick and 

Muthukrishnan, 1979). Zinc interacts with a vast number of 

proteins and participates in almost all processes and 

pathways in living organisms. It is the only metal that is 

required in all six enzyme classes (oxidoreductases, 

transferases, hydrolases, lyases, isomerases and ligases. 

Micronutrient deficiencies in fruit crops have grown as a 

result of overuse and imbalanced fertilizer application, 

reduced use of organic manures, soil erosion and crop 

production on marginal soils with high pH and EC (Zia et 

al., 2006) [39]. Zinc deficiency is widespread among 

horticultural crops, followed by deficiencies in boron, 

manganese, copper, and iron which can adversely affect 

www.extensionjournal.com
https://www.extensionjournal.com/
https://doi.org/10.33545/26180723.2024.v7.i9Sb.1070


International Journal of Agriculture Extension and Social Development https://www.extensionjournal.com 

95 www.extensionjournal.com 

processes such as photosynthesis and enzyme systems 

crucial for plant growth and development. Metabolism of 

proteins & carbohydrates and reproductive processes are 

hampered under Zn deficiency (Römheld and Marschner, 

1991) [21] as the element is involved in regulating the protein 

and carbohydrate metabolism (Swietlik, 1999) [31]. Zinc 

deficiency often correlates with low levels of phytoavailable 

zinc in the soil. In many regions worldwide, zinc deficiency 

is prevalent in humans also. Therefore, inadequate zinc 

availability in the soil or insufficient uptake by plants can 

compromise the nutritional content of fruits, exacerbating 

the risk of zinc deficiency among consumers. 

 

Micronutrient Deficiencies in fruit trees 

Among fruit crops, zinc deficiency is the most common 

factor limiting growth and yield in fruit crops. This 

deficiency causes patchy and non-uniform distribution as a 

result flat-sided or lopsided trees are produced and 

ultimately fruit gets affected. Initial symptoms are a light 

interveinal chlorosis in older leaves which later turn into 

broad bleached stripes of leaves with stunted plant growth. 

In deciduous fruit trees, the leaves get smaller than normal 

and develop a yellow mottling between the veins. Terminal 

buds fail to elongate and a tuft of small leaves is produced 

forming a “rosette” at the end of twigs. Deficiency 

symptoms may occur on trees at any stage of development. 

Zn deficiency is a major nutritional malady in apple tree 

fruit crops in the Northeast (Stiles and Goff 1965; Stiles 

1980, 1992, 1993) [29, 26, 27, 28]. Serious injury to fruit trees in 

orchards was corrected by treating trees with zinc through 

the soil and by foliar spray. The extensive use of fruit crops 

and their widely acknowledged health advantages have 

drawn significant attention to biofortification in recent 

years. Zn holds more significance in production/productivity 

and better fruit quality development (Srivastava and Singh 

1999) [25] by reducing the fruit drop (Malik et al., 1999) [17] 

and granulation (Kaur et al., 1990) [15]. Foliar application of 

micronutrients has gained attention among fruit growers due 

to its quick effects and the ability to correct deficiencies 

before significant yield or quality losses. The foliar 

application of micronutrients quickly increased the uptake 

of macronutrients in the tissues and organs which improves 

fruit quality (Anees et al., 2011) [5]. Encouraging dietary 

diversification and incorporating a variety of nutrient-rich 

fruits into daily meals can improve overall micronutrient 

intake. In regions, where certain micronutrient deficiencies 

are widespread, fortification of processed fruit products with 

essential vitamins and minerals can be an effective strategy 

to improve public health. To achieve successful 

biofortification of food crops with zinc, it is crucial to 

maintain sufficiently high levels of available zinc in soils 

through soil fertilization and/or ensuring an adequate zinc 

pool in vegetative tissues during reproductive growth stages 

via foliar zinc fertilization (Cakmak, 2008) [8].  

Malnutrition contributes to increased illness, disability, and 

hindered physical and mental growth (WHO and FAO, 

2002) [37]. Biofortification, enrich the crops with 

micronutrients, presents a promising strategy to address 

malnutrition (DellaPenna, 2007; Welch and Graham, 1999, 

2004; Nestel et al., 2006) [10, 35, 36, 20] and to combat the 

problem of malnutrition through the enrichment of target 

food. While a diet rich in fruits, vegetables, and animal 

products is ideal for meeting micronutrient needs, however, 

accessibility to these products is out of reach for most of the 

global population. Staple crops often lack essential 

micronutrients like iron, zinc, and vitamins. Diversifying 

diets with horticulture-based foods offers a sustainable 

solution to combatting micronutrient malnutrition 

worldwide (Kennedy et al., 2003) [16].  

 

Approaches to biofortification 
It describes the process of increasing the amount of 

bioavailable micronutrients in food crops by means of plant 

breeding, biotechnology and agronomic techniques that use 

genetic selection (Figure1). The process of giving a crop 

more nutritional value is biofortification. It is derived from  

Greek word “bios” means “life” and Latin word 

“fortificare” means “making strong”. According to the 

World Health Organization, biofortification focuses on 

boosting the bioavailable concentrations of micronutrients 

in the edible parts of plants through crop management and 

genotype improvement. Unlike traditional fortification, 

which adds nutrients during food processing, biofortification 

enhances the nutritional quality of plant foods as they grow.  

 

Agronomic biofortification 

Agronomic biofortification can be an important tool in 

achieving nutritional security. It is a rapid and 

complementary approach. Agronomic practices like soil 

fertilization and foliar zinc fertilization are crucial. Foliar 

application of zinc, for instance, has led to significant 

improvements in fruit quality and yield in various fruit 

crops. Agronomic biofortification not only increases crop 

yields but also improves their nutritional quality. 

 

Improving Micronutrient Bioavailability through 

Biofortification  
Biofortification of orange, sweet potato for vitamin A has 

significantly improved vitamin A intake of mothers and 

young children (Hotz et al., 2012) [40]. Zhang et al., (2013) 

[38] summarized that Zn sprays at critical periods improved 

the fruit quality of apple trees even when there were no Zn 

deficiency symptoms and leaf Zn concentration is less than 

15 mg kg-1 dry weight. The foliar application of algae 

extract especially when combined with zinc sulfate, 

enhanced leaf mineral content, total chlorophyll, the number 

of fruits per tree, yield, and fruit quality. In particular, 2% 

algae extract combined with 0.4% zinc sulfate was found as 

the most efficient treatment in enhancing leaf parameters, 

tree yield, and fruit quality (Amro, S.M. Salama, 2015) [4]. 

Similarly, the combined application of boric acid (0.3%) 

and zinc sulfate (0.5%) at the fruit set stage effectively 

improved the boron (B) and Zn levels in the leaves, 

vegetative growth, productivity and fruit quality of 

Feutrell’s Early mandarin (Ahmad S. Khan, 2012) [2]. Foliar 

applications of Zn were also reported to have a positive 

effect on the leaf mineral contents of ‘Valencia’ orange trees 

(Sayed et al., 2004) [23]. For instance, a foliar application of 

Zn-EDTA at 0.4% increased leaf Zn content from 14.3 ppm 

in untreated trees to 30.3 ppm with a corresponding increase 

in fruit yield from 9.3 to 15.2 kg per tree. Dhotra et al., 

(2021) [11] conducted an experiment on the effects of foliar 

application of micronutrients on the growth, yield, and 

quality of mango var. Dasheri. Different combinations of 
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calcium nitrate Ca(NO3)2, boric acid (H3BO3), and zinc 

sulfate (ZnSO4) were applied before the flowering stage, 

resulting in improved fruit quality compared to the control. 

Bahadur et al., (1998) [7] reported that percent increase in the 

stem girth of mango trees was highest with the soil 

application of zinc sulphate (0.5 kg tree1) followed by foliar 

application of zinc sulphate (1.0%) as compared with all 

other treatments. Dutta and Dhua (2002) [12] observed that 

the application of Zn at 0.1% and 0.2% improved the leaf 

nitrogen (N) and Zn content in mango. Similarly, Zagde et 

al., (2017) reported positive effects of foliar application of 

micronutrients on the yield and quality of guava. Spraying 

grapevines with 0.4 ppm nano-zinc significantly increased 

leaf area and fresh weight compared to the control while 1.2 

ppm nano-zinc significantly increased total carbohydrate, 

leaf concentration of iron (Fe), number of clusters, cluster 

weight and yield. Applications of 0.4, 0.8, and 1.2 ppm of 

nano-zinc resulted in significant yield increase compared to 

conventional fertilizer (Said et al., 2019) [22]. The pre-bloom 

Zn sprays increased status of this micronutrient in flowers, 

and post-bloom Zn sprays – in leaves and fruits. Pre-bloom 

Zn sprays are successful in increasing Zn concentration in 

flowers while post-bloom Zn sprays are effective in 

increasing leaf and fruit Zn levels in pear trees. Biofortified 

pomegranate hybrid var. Solapur Lal of semi-arid regions of 

Pune, Maharashtra contains high iron (5.6–6.1 mg/100 g), 

zinc (0.64–0.69 mg/100 g) and vitamin C (19.4–19.8 

mg/100 g) in fresh arils (Anonymous, 2017) [6]. Foliar 

sprays of Zn significantly increased Zn concentrations in the 

pomegranate leaves (Hasani et al., 2012) [13]. Thomidis et 

al., (2006) [33] stated that foliar application of a 25% zinc 

sulfate solution on the 25th of February and a 2% zinc 

chelate solution on the 20th of May increased the zinc 

content of leaves without toxicity and improved fruit yield 

of peach trees. However, a study conducted by Muradi and 

Godara (2020) [19] found that under the influence of foliar 

applications of magnesium (Mg), Zn, and B, the foliar spray 

of ZnSO4 at 0.2% proved to be the best treatment in terms of 

fruit quality and availabilities of different phytonutrients in 

loquat leaves and fruit tissues. Exogenous application of 

these elements was successful in improving mineral 

nutrition in loquat. Additionally, encouraging dietary 

diversification and fortification of processed fruit products 

can further enhance micronutrient intake in populations. 

 

Conclusion 
Biofortification of fruit crops with a focus on zinc 

enrichment unfolds a promising strategy to combat 

malnutrition and improve dietary quality. Ensuring high 

levels of available zinc in soils through proper fertilization 

and maintaining adequate nutrient pools in plants during 

critical growth stages are essential for achieving the desired 

nutritional outcomes. The foliar application of zinc in fruit 

trees has led to increased nutrient concentrations, better 

yield, and improved fruit characteristics. The integration of 

biofortification practices into sustainable agricultural 

systems offers a cost-effective means to address 

micronutrient deficiencies without the adverse 

environmental impacts of conventional farming methods. 

Continued research and development in this field along with 

effective implementation strategies will be crucial in 

realizing the full potential of biofortification in fruit crops to 

improve human health and agricultural sustainability for 

generations to come. 
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