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Abstract  

A diet based on cereals may lack essential mineral elements, among them zinc. The provision of this element in diets 

can be via supplements, food fortifiers or agronomic biofortification (AB), a practice adopted on a farmer scale. It was 

carried out different studies in countries with specific local conditions. The meta-analysis allows combining 

quantitative results from different studies, providing a synthesis of results with high reliability. The objective of this 

work was to analyze the response of rice (Oryza spp.) and wheat (Triticum spp.) to fertilization with zinc in terms of 

grain yield and accumulation of this nutrient in the grain. We carried out a systematic review where 16 scientific 

articles from the last five years were selected, and 179 studies fitted the established criteria. The effect size for Zn 

application via leaf or soil in rice and wheat compared to the control was calculated using the natural logarithm (lnR) 

between the ratio of the treatment group and the control group for both variables. Agronomic biofortification with Zn 

increases grain yield (7%) and zinc content in grains (53%). These results depend on plant species and the fertilization 

way (via the soil or foliar spray).  Agronomic Biofortification may be a valuable strategy to combat malnutrition and 

guarantee food sovereignty. 

Keywords: Productivity; Zinc content in grains; Food sovereignty; Nutrients; Hunger. 

  

Resumo  

Uma dieta baseada em cereais pode resultar em carência de elementos minerais essenciais, entre eles o zinco (Zn) A 

disponibilização desse elemento nas dietas pode ser por meio de suplementos, fortificantes alimentares ou por meio da 

biofortificação agronômica (AB), prática que pode ser adotada por agricultores. Diferentes estudos são realizados em 

países com condições locais específicas e a metanálise permite combinar resultados quantitativos de diferentes 

estudos, proporcionando uma síntese de resultados com alta confiabilidade. O objetivo deste trabalho foi analisar a 

resposta do arroz (Oryza spp.) E do trigo (Triticum spp.) À fertilização com zinco em relação à produtividade de grãos 

e acúmulo desse nutriente no grão. Foi realizada uma revisão sistemática e selecionados 16 artigos científicos dos 

últimos 5 anos. Destes, 179 estudos foram obtidos. O tamanho do efeito da aplicação de Zn via folha e/ou solo em 

arroz e trigo em relação ao controle sem aplicação foi calculado por meio do logaritmo natural (lnR) entre a razão do 

grupo tratamento e do grupo controle para ambas as variáveis. A biofortificação agronômica com Zn aumenta o 
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rendimento de grãos (7%) e o teor de zinco nos grãos (53%), dependendo da espécie da planta e da forma de 

fertilização (via solo ou por pulverização foliar). A biofortificação agronômica pode ser uma estratégia para combater 

a desnutrição e garantir a soberania alimentar.  

Palavras-chave: Produtividade; Conteúdo de Zinco nos grãos; Soberania alimentar; Nutrientes; Fome. 

 

Resumen  

Una dieta a base de cereales puede resultar en una falta de elementos minerales esenciales, incluido el zinc (Zn). La 

disponibilidad de este elemento en las dietas puede ser a través de suplementos, fortificantes alimentarios o mediante 

biofortificación agronómica (AB), práctica que puede ser adoptada por agricultores. Se realizan diferentes estudios en 

países con condiciones locales específicas y el metaanálisis permite combinar resultados cuantitativos de diferentes 

estudios, proporcionando una síntesis de resultados con alta confiabilidad. El objetivo de este trabajo fue analizar la 

respuesta del arroz (Oryza spp.) Y el trigo (Triticum spp.) A la fertilización con zinc en relación al rendimiento de 

grano y la acumulación de este nutriente en el grano. Se realizó una revisión sistemática y se seleccionaron 16 

artículos científicos de los últimos 5 años. De estos, se obtuvieron 179 estudios. El tamaño del efecto de la aplicación 

de Zn vía hoja y/o suelo en arroz y trigo en relación al control sin aplicación se calculó utilizando el logaritmo natural 

(lnR) entre la razón del grupo de tratamiento y el grupo de control para ambas variables. La biofortificación con Zn 

aumenta el rendimiento de grano (7%) y el contenido de zinc en los granos (53%), dependiendo de la especie de la 

planta y la forma de fertilización (vía suelo o por aspersión foliar). La biofortificación es una estrategia para combatir 

la desnutrición y otorga soberanía alimentaria. 

Palabras clave: Productividad; Contenido de zinc in grano; Soberanía alimentaria; Nutrientes; Hambre. 

 

1. Introduction  

Two-thirds of the world’s population lack essential mineral elements (White & Broadley, 2009), causing “hidden 

hunger” when referring to vitamins and micronutrients (Stein et al., 2007), most commonly linked to iron, A vitamin and 

iodine deficiencies. However, it can also be associated with zinc, calcium and selenium. The origins of these deficiencies range 

from poor diet, with little quantity and diversity of food (Allen et al., 2006), to factors related to plant growth, such as the 

adoption of more intensive cultivation practices. The lack of use of organic fertilizers and the unbalanced plant nutrition 

(Kumar et al., 2016), the access to food, the consumption of safe and healthy food and distribution of wealth, whose 

consequence is the lack of food security (Bliska et al., 2009). In this sense, it is necessary to encourage local food production 

that does not come from transgenic and is free of pesticides, preferably from agroecological crops (Silva, 2020). 

Among the elements, zinc (Zn) stands out, an essential element for animals, humans and plants (Hafeez et al., 2013). 

In living organisms, this element is present in more than 300 enzymes, and many of them need this element to perform their 

function. Among them can be highlighted hydrolases transfers and oxidoreductases. Thus, these enzymes are required to 

metabolize proteins, carbohydrates, lipids, nucleic acids, and the command of genetic transcription (Okigami, 1996). Its 

deficiency affects mainly women and children (Who, 2002). It can interfere in growth and cause diarrhea and pneumonia in 

children under five, contributing significantly to the increase in infant mortality worldwide (Stein et al., 2005), mainly where 

the diet is based on cereals (Montoya et al., 2020). 

Supplement the diet with medications or fortify the food when ready can cause an unpleasant taste when added to 

certain foods (Allen et al., 2006; Walker & Black, 2014). The other possibility is still biofortification, which can increase the 

soil levels of any element resulting in increases in plant grains without changing the food taste. The plants may translocate a 

surplus of minerals from the soil to seeds through agronomic practices, more precisely, for the edible part of the plant (Boius, 

2018). The accumulation of zinc in grains occurs in different physiological ways. The main form is absorption by the roots, 

translocation to tillers and the remobilization of this element inside plants (Erenoglu et al., 2011). 

However, in soil, only a tiny amount of this element remains available to vegetables in the form that it can be 

absorbed. Among the factors that affect this availability, there are the reactions that occur in soil, which fix elements to the soil 

constituents (i.e., organic matter and minerals), phosphates levels that trace competition between elements (He et al., 2021) can 

be highlighted (Brasil Sobrinho et al., 1979). Thus, the application of Zn may also be necessary for crops to grow healthier and 
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increase yields. We can apply the Zn via the soil or foliar spraying (Hafeez et al.,2013).  

The main world food crops, such as rice and wheat, are part of this process (Li et al., 2016; Mangueze et al., 2018) 

since rice feeds more than half of the world population and is a staple food in most of Asia (Bashir et al., 2013). 

On the other hand, malnutrition mainly affects countries in which cereals are part of the essential diet (Montoya et al., 

2020) and represents a humanitarian challenge (Rashid et al., 2019), as cereal grains have minimal concentrations of Zn in the 

grains when grown on Zn-deficient soils (Zaman et al., 2018). In this context, numerous studies indicate the possibility of 

raising nutrient concentrations and ensure a high yield using agronomic fortification (AB) (Souza et al., 2014). With 

biofortification, higher productivity of crops combined with a higher zinc content in the grain is expected (Chattha et al., 

2017). However, a bibliographic review analyzing the effectiveness of AB of Zn on the main crop is still scarce. In this sense, 

the use of meta-analysis may improve AB practice's understanding. In addition, we seek to answer the following question: 

When we add Zn in rice and wheat grains, through AB practice, what occurs whit productivity and zinc content in grain? 

The meta-analysis technique summarizes several independent studies and statistically combines the effect size and 

modelling the effect sizes with the characteristics studied (Cheung & Vijayakumar, 2016). This approach combines 

quantitative results from different studies (i.e. regions, grow, technics, crops, elements supply), providing a synthesis of results 

with high reliability (Zeffa et al., 2020). 

We hypothesize that the application of Zn via soil or leaf influences the accumulation of this mineral in the grain 

without compromising grain productivity. Therefore, the aim of this meta-analysis was (1) to analyze the productivity response 

of rice and wheat to fertilization with Zn; (2) estimate Zn accumulation in the grains of the cereals. 

 

2. Methodology  

Classification of the research (meta-analysis) 

Regarding the objectives, the research is characterized as descriptive-exploratory since it uses the existing literature to 

describe the effect of zinc biofortification in wheat and rice. For the technical procedures, we considered bibliographic. As a 

source of information, we used scientific articles (Silveira & Córdova, 2009). 

 

Data selection and collection 

A systematic review from scientific articles was carried out (Figure 1). In the Science Direct database, we used 

"biofortification AND zinc" as the search term. We carried out this search on May 15, 2020, in manuscripts published from 

2015 to 2020. This period concentrates a high number of articles with the studied variables and the necessary dispersion 

measures.  Additionally, on May 16, 2020, the search was completed in ResearchGate, where we found more than 60 articles. 
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Figure 1 - Flowchart of the study selection process. 

 

Source: Authors. 

 

The criteria to include the studies were: 1) studies that presented data of the product concentration applied with Zn 

and control treatment without application, time and number of applications; 2) studies that reported averages and some 

dispersion measure; 3) studies carried out on the field; 4) studies carried out with rice, wheat or both; 5) studies that reported 

results of productivity, or Zn content in the grains, or both. Thus, we selected 16 publications for the meta-analysis (Table 1). 

 

Table 1 - List of works used in the meta-analysis. 

Reference Author      Journal 

1 Mangueze et al. Journal of Cereal Science, 82, 34–41, 2018 

2 Wang et al. Field Crops Research, 184, 58–64, 2015 

3  Biswas et al. Current Plant Biology, 16, 22–26, 2018 

4 Jaksomsak et al. Journal of Cereal Science, 79, 6-12, 2018 

5  Li et al. Field Crops Research, 187, 135–14, 2016 

6 Liu et al. Environmental Pollution, 257, 1-8, 2020 

7 Amanullah & Inamullah. SpringerPlus, 5, 1-9, 2016 

8 Singh & Shivay Biological Agriculture & Horticulture, 29, 271–287, 2013 

9 Nahar et al. Asian Soil Research Journal, 3, 1-6, 2020 

10 Das et al. Acta Agrobotanica, 73, 1-13, 2020 

11 Chattha et al. Frontiers in Plant Science, 8, 1-8, 2017 

12 Biswas et al.  International Journal of Plant & Soil Science, 8, 203-217, 2015 

13 Ramzan et al. International Journal of Plant Production, 1-10, 2020 

14 Gomez-Coronado et al. Plant Soil, 401, 331–346, 2016 

15 Montoya et al. Journal of Plant Nutrition and Soil Science, 1–11, 2020 

16 Zou et al. et al. Journal of Agricultural and Food Chemistry, 67, 8096−8106, 2019 

Source: Authors. 

 

Effect measurement and meta-analysis 

 We obtained the effect measure from the natural logarithm (lnR) of the ratio between the productivity of the treatment 

with application of Zn and the control without Zn application (Hedges et al., 1999; Hou et al., 2020; Lajeunesse, 2011; 
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Lehmann & Rillig, 2015). We used the following equation: 

 

                                                                                    Equation 1 

 

Where:  the mean of the treatment response variable with the application of the micronutrient zinc and the mean of 

the control treatment response variable without applying the nutrient. 

 

 The studies reported different dispersion measures, including coefficient of variation (CV), standard deviation (SD), 

least significant difference (LSD) and mean standard error (SE). The dispersion measures were standardized for the standard 

deviation. It is a great challenge to carry out a meta-analysis, as many studies do not present these values (Lajeunesse, 2011), 

so it is necessary to convert other dispersion measures (Higgins et al., 2008; Hou et al., 2020; Lehmann & Rillig, 2015; Silva et 

al., 2017; Tupich et al., 2017).  

 We performed the meta-analysis using a random-effects model (Viechtbauer, 2010) as it allows the true effect to 

varying from study to study (Borenstein et al., 2009), and the restricted maximum likelihood estimate (REML) was used to 

estimate the variation between studies (Gao & Carmel, 2020). 

 We realized the meta-analysis in the metafor package (Viechtbauer, 2010) in the RStudio program (R Core Team, 

2020). For a more practical interpretation of the final result, we transformed the lnR value into a response percentage (%) 

(Dai et al., 2020; Hou et al., 2020; Zeffa et al., 2018): 

 

                                       Equation 2 

 

Heterogeneity 

 We assessed the heterogeneity with several tests, including the Q test (Cochran, 1954), which assesses the 

heterogeneity of the collective effect estimates and the individual effects differ significantly from the common effect (Cohen et 

al., 2015). Another simple way to assess heterogeneity is through the I2 index, which was used to verify the variation caused 

by real changes between studies and assess the heterogeneity between effect sizes (Borenstein et al., 2009) and its significance 

(Dai et al., 2020). 

 

Publication bias 

 The verification of the existence of publication bias refers to the fact that research that presents statistically significant 

results is more likely to be published than works with null or non-significant results. This fact may compromise the quality of 

the meta-analysis and other studies that depend on published data. Besides, there is a risk of emphasizing any significant 

differences whose result does not represent the real effect of the studied treatment (Easterbrook et al., 1991) 

 We performed the funnel plot to verify the publication bias and the robustness of the data (Borenstein et al., 2009). 

 

Effect moderators 

 We carried out the classification of the studies in effect moderators according to the crop and the mode of zinc 

application. We created subgroups to make it possible to expand the knowledge about the meta-analysis (Lehmann & Rillig, 

2015; Tupich et al., 2017). The criteria used to allocate to groups were: a) studies with zinc application in wheat via soil; b) 

studies with zinc application in wheat via foliar fertilization; d) studies with zinc application in rice via soil; b) studies with 

zinc application in rice via foliar fertilization; e) studies with zinc application in wheat via fertilization in the soil and the 

leaves. 
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3. Results and Discussion  

Descriptive analysis 

We analyzed 161 studies for the variable productivity, while the zinc content in the grain we had 175 studies. The 

studies come from several countries (Figure 2 a); however, in some publication, the experiments were conducted in more than 

one country. Most of the experiments were conducted in countries on the Asian continent (Figure 2b), approximately 70%. The 

Asian studies are essential because rice and wheat have been cultivated in the continent for over 1000 years (Amanullah & 

Inamullah, 2016), and zinc is one of the main limitations of rice productivity (Quijano-Guerta et al. 2002). 

In addition, in Asia, rice and wheat are stapled foods, and a considered portion of the population ingests inadequate 

amounts of Zn, in which biofortification has a fundamental role in saving lives, prevent morbidities and assist the adequate 

allocation of health sector resources for malnutrition (Stein et al., 2007). However, studies in a broader approach should be 

made, such as verifying agricultural, environmental, economic, and social aspects (Gunaratna et al., 2010). 

 

Figure 2 - Frequency of publications (A) and the number of studies used for the meta-analysis (B) for the country. 
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Source: Authors. 

 

Effect measure and meta-analysis 

Heterogeneity 

The values of the meta-analytical estimate (Chart 1) are fundamental to determine heterogeneity, as the I2 test 

demonstrated heterogeneity with an amplitude of up to 99.99%. These studies show high heterogeneity between the effect 

measures (Zeffa et al., 2018). However, only the subgroups zinc application via leaf and soil for the productivity variable did 

not show heterogeneity (0%). 

Thus, the description of the extent of heterogeneity between studies is of paramount importance because this may 

interfere with the study's conclusions (Higgins & Thompson, 2002). As this heterogeneity was high, random-effects models 

were used for the meta-analysis as preconized by Zeffa et al. (2020). However, values equal to 0% reveal homogeneity 

between the studies. Higher values portray the amplitude of the heterogeneity, where high values may indicate an 

inconsistency between the results of the investigations (Martinez, 2007). I2 values are considered: low with 25%, moderate 

with 50% and high with 75% heterogeneity (Higgins et al., 2003). 

 The Q statistic evaluates the null hypothesis in which all studies are examining the same effect. However, when this is 

significant, it reveals that the studies do not have a common effect size (Quintana, 2015). The total number of studies shows 

the number of effects as independent samples, most of them often indicate the number of studies, and the p-value indicates 

statistical significance (Afshardoost & Eshaghi, 2020). 

 

Chart 1 - Meta-analytic estimate, probability value, I2 index and Q value of studies using zinc biofortification to evaluate 

productivity and content of the element in the grain. 

Variable Outcome/analysis No of 

studies 

Heterogeneity test I2 % (95% 

confidence 

interval) 

Q df P 

 

Productivity 

(t/ha) 

All studies 161 12011.56 160 0.01 98.57  

 

Application via leaf Oryza sp. 

8 0.46 7 1.00 0 

Application via soil Oryza sp. 5 0.67 4 0.96 0 

Application via leaf Triticum sp. 62 1644.53 61 < 0.01 92.24 

Application via soil Triticum sp. 59  4148.2 58 <0.01 98.75% 

Application via soil and leaf Triticum sp. 27 491.86 26 < 0.01 98.60 

 

Zinc content 

in the grain 

All studies 175 507276.74 174 < 0.01 99.99% 

 

Application via leaf Oryza sp. 

8 74.22 7 <0 .01  91.99% 

Application via soil Oryza sp. 8 33.65 7 < 0.01 73.41% 

Application via leaf Triticum sp. 66  1436.81 67 < 0.01  98.26% 

Application via soil and leaf Triticum sp. 63 338805.51 62 < 0.01  99.99% 

Application via soil Triticum sp. 25 218.66 24 <0 .01 88.18% 

Source: Authors. 

 

Publication bias 

 In general, data dispersion was relatively symmetrical (Figure 3), which shows a weak publication bias (Zeffa et al., 

http://dx.doi.org/10.33448/rsd-v10i6.15133


Research, Society and Development, v. 10, n. 6, e39210615133, 2021 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i6.15133 
 

 

8 

2018) for the productivity variable and zinc content in the grain. Another critical point is that these results may significantly 

impact the meta-analysis (Dai et al., 2020). 

 

Figure 3 - Funnel plot for productivity (A) and zinc content in grains (B). 

A 

 

B 

 

Source: Authors. 

 

 Publication bias indicates the phenomenon by which studies are more likely to be published when they have more 

substantial effect sizes. A funnel chart is a graphical tool used to check for possible publication bias in meta-analyses 

(Quintana, 2015). The funnel graph shows the relationship between the residuals of the effect measures on the horizontal axis 

and the average standard deviation on the vertical axis. In addition, a vertical line shows an estimate according to the model 

used and an apparent confidence interval of ± 1.96 of standard error in the vertical (Viechtbauer, 2010). 

 

Effect moderators 

 The application of zinc affects productivity and zinc content in the grain (Figure 4). It observed an increase in the 

average productivity in wheat of 11% when the zinc was applied via soil. However, when the nutrient was applied via leaf, it 

did not affect or increase productivity by only 2%. When this application was via soil and leaf, the amplitude of productivity 

varies widely, reducing productivity by 35% or increasing up to 75%. In rice, the productivity increased when the zinc was 

applied via soil by 41%. However, they presented no effect when applied via leaf (Figure 4A). In the confidence interval, the 

lower and upper limits show the range within which the real effect is found (Afshardoost & Eshaghi, 2020). 

 For zinc content in the grain, the behaviour of the moderating variables was different. In the wheat, there was an 

increase of 25% of Zn content in the grain when fertilizers containing Zn were applied to the soil, whereas when applied via 

leaf, it was 77%. When zinc applied in both ways, we observed a wide range of effect, from a reduction of 61% until an 

increase of 11 times. On the other hand, in rice plants, when Zn was applied via leaf, it showed an increase of only 3%. When 

it applied via soil, extensive results were observed (Figure 4B). 
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Figure 4 - Forest plot for the meta-analysis of the effect of zinc application on productivity (A) and zinc content in the grain 

(B), with corresponding 95% confidence intervals in studies with moderating variables and based on a random-effects model. 

A  

B 

 

WS: application of zinc carried out via soil in wheat; WL: application of zinc performed via leaf in wheat; RS: application of zinc carried out 

via soil in rice; RL: application of zinc performed via leaf in rice; RSL: application of zinc carried out via soil and leaf on wheat. Source: 

Authors 

 

 In addition to the crop and type of application, the dose applied also can influences the analyzed variables, generating 

different results, beneficial or not (Biswas et al., 2015). We can highlight other factors with strong influence on the results of 

biofortification, among them: genetic material, time of application, number of applications, application stage, environmental 

conditions, management practices and soil fertility (Nakandalage et al., 2016; Rao et al., 2020; Rashid et al., 2019; Saha et al., 

2017). Approximately 50% of the soils cultivated with wheat in the world have low available Zn for plants (Cakmak & 

Kutman, 2018).  

 Zinc is an essential element for all biological systems in animals and plants. The low availability of zinc can also 

cause a decrease in yield and zinc content (Chattha et al., 2017). The increase in productivity due to Zn fertilization may occur 

because of the increase in chlorophyll content, with a consequent beneficial effect on photosynthesis, in the synthesis of 

substances that act on growth, metabolites, and metabolic activities, causing improvement in plant growth and development 

(Kumar & Bohra, 2014). In addition, zinc acts in the biosynthesis of indolacetic acid and in the initiation of propagating parts 

(Das et al., 2020). 

 Other factors as the increase in the number of reproductive tillers can be highlighted. This element has a crucial role in 

the biochemical, physiological, and metabolic processes. These processes accelerate the partition of the assimilation of zinc 

into the flowers, increase of leaf area, number of grains per ear, and the mass of thousand grain (Jalal et al., 2020; Ramzan et 

al., 2020). 

http://dx.doi.org/10.33448/rsd-v10i6.15133


Research, Society and Development, v. 10, n. 6, e39210615133, 2021 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i6.15133 
 

 

10 

 The AB is one of the most promising practices to increase the concentration of micronutrients in grains (Ramzan et 

al., 2020). The AB has emerged as one of the fundamental tools to combat micronutrient malnutrition worldwide (Singh & 

Prasad, 2014). Using this approach, the concentration of zinc in grain can increase by 17% compared to the control treatments, 

even when low Zn doses are applied (4.5 kg Zn/ha) (Das et al., 2020). Another benefit of biofortification with zinc is reducing 

Cadmium concentration and the associated health risks of this heavy metal due to the competition between these elements 

(Cakmak & Kutman, 2018). 

 A study to verify the use of different wheat lines found that when cultivated with additional Zn supplies, 50% of them 

showed an increase in grain production of up to 100% and the concentration of this element in the grains. The application of 

this fertilization was beneficial for all strains, providing an average increase of 84% (Souza et al., 2014). In addition, the 

combined use with another element such as selenium can be beneficial since it is also essential for humans, does not cause 

harmful interference in productivity and contributes synergistically to the increase of selenium, zinc and iron in the grains 

(Souza et al., 2014). The competition among elements should be considered in the AB approach because it may affect other 

essential nutrients, such as P (He et al., 2021). 

 In addition, studies must be carried out to check the bioavailability of zinc in the food after its preparation. In addition 

to assessing how much of the element will be available for use in the metabolic processes. This disponibility is determined by 

the amount absorbed by the gastrointestinal tract. However, this absorption is fundamental in the bioavailability of zinc (King, 

2002). However, some compounds such as phytate and phenolic compounds may interfere and limit the absorption of zinc 

(Cakmak & Kutman, 2018) and depend on the magnitude of industrial processing (Saha et al., 2017). 

 Human health and the hungry problems will not be solved with an isolated technic or one alone approach, such as AB. 

These issues are systemic and chronic and involve many political, social, and local factors. From an agronomic perspective, 

enrichment of food grain with nutrients through adequate soil fertilization is a relatively easy way, which can alleviate human 

issues. 

 

4. Conclusion  

Our meta-analysis highlights the positive effect of zinc biofortification on rice and wheat crops. This technique can 

increase the concentration of this element in food products and improve its supply. Furthermore, it can increase grain 

productivity by 7% and zinc content in grains by 53%, which can be considered a strategy to combat human malnutrition and 

food sovereignty. 

Nutrient management is significant for increasing crop productivity in cereal-based systems. However, further studies 

are needed to adjust the dose to achieve adequate accumulation of Zn and to avoid overuse, which can cause a significant risk 

to both health due to food consumption and soil environment. 

 

Acknowledgments: 

To the Coordination of Superior Level Staff Improvement (CAPES) for the scholarship and financial assistance. 

 

References  

Afshardoost, M., & Eshaghi, M. S. (2020). Destination image and tourist behavioural intentions: A meta-analysis. Tourism Management, 81. 
https://doi.org/10.1016/j.tourman.2020.104154 
 

Allen, L., Benoist, B. D., Dary, O., & Hurrell, R. (2006). Guidelines on food fortification with micronutrients. World Health Organization and Food and 

Agriculture Organization of the United Nations. 
 

Amanullah & Inamullah (2016). Residual phosphorus and zinc influence wheat productivity under rice-wheat cropping system. SpringerPlus, 5, 1-9. 
10.1186/s40064-016-1907-0 

http://dx.doi.org/10.33448/rsd-v10i6.15133


Research, Society and Development, v. 10, n. 6, e39210615133, 2021 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i6.15133 
 

 

11 

 

Bashir, K., Takahashi, R., Nakanishi, H., & Nishizawa, N. K. (2013). The road to micronutrient biofortification of rice: progress and prospects. Frontiers in 

Plant Science, 4(15), 1-7. https://doi.org/10.3389/fpls.2013.00015 
 

Bliska, F. M. M., Vegro, L. R. & Bliska, A. A. (2009). A propagação da fome no mundo: questão financeira, tecnológica ou política? Ceres, 56(4), 379-389. 
 

Biswas, J. C., Haque, M. M., Khan, F. H., Islam, M. R., Dipti, S. S., Akter, M., & Ahmed, H. U. (2018). Zinc fortification: Effect of polishing on parboiled 

and unparboiled rice. Current Plant Biology, 16, 22–26. https://doi.org/10.1016/j.cpb.2018.11.002 
 

Biswas, A., Mukhopadhyay, D., & Biswas, A. (2015). Effect of Soil Zinc and Boron on the Yield and Uptake of Wheat in an Acid Soil of West Bengal, India. 

International Journal of Plant & Soil Science, 8, 203-217. https://doi.org/10.9734/IJPSS/2015/15921 
 

Boius, E. H.  (2018). Biofortification: An Agricultural Tool to Address Mineral and Vitamin Deficiencies. In: Mannar, M. G. V. & Hurrell, R. F. Food 

Fortification in a Globalized World. Academic Press, p. 69-81. 
 

Borenstein, M., Hedges, L. V., Higgins, J. P. T., & Rothstein, H. R. (2009). Introduction to meta-analysis. John Wiley & Sons. 452 p.  

 
Brasil Sobrinho, M. O. C., Freire, O., Abrahão, I. O., & Marconi, A. (1979). Zinco no solo e na planta. Revista agrícola, 54, 139-148. 

 

Cakmak, I., & Kutman, U. B. (2018). Agronomic biofortification of cereals with zinc: a review. European Journal of Soil Science, 69, 172 –180. 
https://doi.org/10.1111/ejss.12437 

 

Chattha, M. U., Hassan, M. U., Khan, I., Chattha, M. B., Mahmood, A., Chattha, M. U., Nawaz, M., Subhani, M. N., Kharal, M., & Khan, S. (2017). 
Biofortification of Wheat Cultivars to Combat Zinc Deficiency. Frontiers in Plant Science, 8, 1-8. https://doi.org/10.3389/fpls.2017.00281 

 

Cheung, M. W. L., & Vijayakumar, R. A. (2016). Guide to Conducting a Meta-Analysis. Neuropsychology Review, 26, 121–128. 
https://doi.org/10.1007/s11065-016-9319-z 

 

Cochran, W. G. (1954). The combination of estimates from different experiments. Biometrics, 10, 110-129. 
 

Dai, Y., Zheng, H., Jiang, Z., & Xing, B. (2020). Combined effects of biochar properties and soil conditions on plant growth: A meta-analysis. Science of the 

Total Environment, 713. https://doi.org/10.1016/j.scitotenv.2020.136635 
 

Das, S., Jahiruddin, M., Islam, M. R., Mahmud, A. A., Hossain, A., & Laing, A. M.  (2020). Zinc Biofortification in the Grains of Two Wheat (Triticum 

aestivum L.) Varieties Through Fertilization. Acta Agrobotanica, 73, 1-13. https://doi.org/10.5586/aa.7312 
 

Erenoglu, E. B., Kutman, U. B., Ceylan, Y., Yildiz, B., & Cakmak, I. (2011). Improved nitrogen nutrition enhances root uptake, root to shoot translocation and 

remobilization of zinc (65Zn) in wheat. New Phytologist, 189, 438–448. https://doi.org/10.1111/j.1469-8137.2010.03488.x 

 

Gao, J., & Carmel, Y. (2020). A global meta-analysis of grazing effects on plant richness. Agriculture, Ecosystems and Environment, v. 302. 
https://doi.org/10.1016/j.agee.2020.107072 
  

Gomez-Coronado, F.,  Poblaciones, M. J., Almeida, A. S., & Cakmak, I. (2016). Zinc (Zn) concentration of bread wheat grown under Mediterranean 

conditions as affected by genotype and soil/foliar Zn application. Plant Soil, 401,331–346. https://doi.org/10.1007/s11104-015-2758-0 
 

Gunaratna, N. S., Groote, H., Nestel, P., Pixley, K. V., & Mccabe, G. P. (2010).  A meta-analysis of community-based studies on quality protein maize. Food 

Policy, 35, 202–210. https://doi.org/10.1016/j.foodpol.2009.11.003 
 

Hafeez, B., Khanif, Y.M., & Saleem, M. (2013). Role of Zinc in Plant Nutrition- A Review. American Journal of Experimental Agriculture, 3(2), 374-391. 

 
He, H., Wu, M., Su, R., Zhang, Z., Chang, C., Peng, Q., Dong, Z., Pang, J., & Lambers, H. (2021). Strong phosphorus (P)-zinc (Zn) interactions in a 

calcareous soil-alfalfa system suggest that rational P fertilization should be considered for Zn biofortification on Zn-deficient soils and phytoremediation of 

Zn-contaminated soils. Plant Soil, 461, 119–134. https://doi.org/10.1007/s11104-020-04793-w 
 

Hedges, L. V., Gurevitch, J. & Curtis, P. S. (1999). The meta-analysis of response ratios in experimental ecology. Ecology, 80(4), 1150-1156. 

 
Higgins, J. P. T. & Thompson, S. G. (2002). Quantifying heterogeneity in a meta-analysis. Statistics in Medicine, 21, 1539–1558. 
https://doi.org/10.1002/sim.1186. 

 

Higgins, J. P. T., Thompson, S. G., Deeks, J. J., & Altman, D. G. (2003). Measuring inconsistency in meta-analyses. Education and Debate, 327. 

https://doi.org/10.1136/bmj.327.7414.557. 
 

Higgins, J. P. T., White, I. R., & Anzures-Cabrera, J. (2008). Meta-analysis of skewed data: combining results reported on log‐transformed or raw scales. 

Statistics in Medicine, 27, 6072-6092. https://doi.org/ 10.1002/sim.3427. 

 

Hou, E., Luo, Y., Kuang, Y., Chen, C., Lu, X, Jiang, L., Luo, X., & Wen, D. (2020). Global meta-analysis shows pervasive phosphorus limitation of 
aboveground plant production in natural terrestrial ecosystems. Nature Communications, 11. https://doi.org/10.1038/s41467-020-14492-w. 

 

Jaksomsak  P., Tuiwong, P., Rerkasem, B., Guild, G., Palmer, L., Stangoulis, J., & Prom-u-Thai, C. T. (2018). The impact of foliar applied zinc fertilizer on 
zinc and phytate accumulation in dorsal and ventral grain sections of four thai rice varieties with different grain zinc. Journal of Cereal Science, 79, 6-12. 
https://doi.org/10.1016/j.jcs.2017.09.004 

 
Jalal, A., Shah, S., Teixeira Filho, M. C. M., Khan, A., Shah, T., Ilyas, M., & Rosa, P. A. L.  (2020). Agro-Biofortification of Zinc and Iron in Wheat Grains. 

Gesunde Pflanzen, 72, 227–236. https://doi.org/10.1007/s10343-020-00505-7 

 

http://dx.doi.org/10.33448/rsd-v10i6.15133


Research, Society and Development, v. 10, n. 6, e39210615133, 2021 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i6.15133 
 

 

12 

King, J. C. (2002). Evaluating the Impact of Plant Biofortification on Human Nutrition. The Journal of Nutrition, 132(3), 511–513. 
https://doi.org/10.1093/jn/132.3.511S 

 
Kumar, R., & Bohra, J. S. (2014). Effect of NPKS and Zn application on growth, yield, economics and quality of baby corn.. Archives of Agronomy and Soil 

Science, 60(9), 1193-1206. https://doi.org/10.1080/03650340.2013.873122 
 

Kumar, A., Choudhary, A. K., Pooniya, V., Suri, V. K., & Singh, U. (2016). Soil Factor Associated with Micronutrient Acquisition in Crops-Biofortification 

Perspective. Biofortification of Food Crops, 159-176, 2016. https://doi.org/10.1007/978-81-322-2716-8_13 
 

Lajeunesse, M. J. (2011). On the meta-analysis of response ratios for studies with correlated and multi-group designs. Ecology, 92(11), 2049–2055. 
https://doi.org/10.1890/11-0423.1 
 

Lehmann, A., & Rillig, M. C. (2015). Arbuscular mycorrhizal contribution to copper, manganese and iron nutrient concentrations in crops - a meta-analysis. 

Soil Biology & Biochemistry, 81, 147-158. https://doi.org/10.1016/j.soilbio.2014.11.013 
 

Li, M., Wang, S., Tian, X., Li, S., Chen, Y., Jia, Z., Liu, K., & Zhao, A (2016). Zinc and iron concentrations in grain milling fractions through combined foliar 

applications of Zn and macronutrients. Field Crops Research, 187, 135–14. https://doi.org/10.1016/j.fcr.2015.12.018 
 

Liu, Y. M., Liu, D. Y., Zhang, W., Chen, X. X., Qing-Yue Zhao, Q. Y., Chen, X. P., & Zou, C. Q. (2020). Health risk assessment of heavy metals (Zn, Cu, Cd, 

Pb, As and Cr) in wheat grain receiving repeated Zn fertilizers. Environmental Pollution, 257, 1-8. https://doi.org/10.1016/j.envpol.2019.113581 

 

Mangueze, A. V. J., Pessoa, M. F. G., Silva, M. J., Ndayiragije, A., Magaia, H. E., Cossa, V. S. I., Reboredo, F. H., Carvalho, M. L., Santos, J. P., Guerra, M., 
Ribeiro-Barros, A. I., Lidon, F. C., & Ramalho, J. C. (2018). Simultaneous Zinc and selenium biofortification in rice. Accumulation, localization and 

implications on the overall mineral content of the flour. Journal of Cereal Science, 82, 34–41. https://doi.org/10.1016/j.jcs.2018.05.005 

 
Martinez, E. Z. (2007). Metanálise de ensaios clínicos controlados aleatorizados: aspectos quantitativos. Medicina, 40, (2), 223-35. 

https://doi.org/10.11606/issn.2176-7262.v40i2p223-235 

 
Montoya, M., Vallejo, A., Recio, J., Guardia, G., & Alvarez, J. M. (2020). Zinc–nitrogen interaction effect on wheat biofortification and nutrient use 

efficiency. Journal of Plant Nutrition and Soil Science, 1–11. https://doi.org/10.1002/jpln.201900339 

 
Nahar, K., Jahiruddin, M., Islam, M. R., Khatun, S., Roknuzzaman, M., & Tipu, M. T. S. (2020). Biofortification of Rice Grain as Affected by Different Doses 

of Zinc Fertilization. Asian Soil Research Journal, 3, 1-6. https://doi.org/10.9734/asrj/2020/v3i130062 

 
Okigami, H. (1996). Zinco- um estudo superficial. Journal Free Radical Biology & Medicine, 2(2), 37-41. 

 

Quintana, D. S. (2015). From pre-registration to publication: a non-technical primer for conducting a meta-analysis to synthesize correlational data. Frontiers 
in Psychology, 6. https://doi.org/10.3389/fpsyg.2015.01549 

 

Quijano-Guerta, C., Kirk, G. J. D., Portugal, A. M., Bartolome, V. I. & Mclaren, G. C. (2002). Tolerance of rice germplasm to zinc deficiency. Field Crops 
Research, 76(2–3), 123-130. https://doi.org/10.1016/S0378-4290(02)00034-5 

 

Ramzan, Y., Hafeez, M. B., Khan, S., Nadeem, M., Rahman, S. U., Batool, S., & Ahmad, J.  (2020). Biofortification with Zinc and Iron Improves the Grain 
Quality and Yield of Wheat Crop. International Journal of Plant Production, 501-510. https://doi.org/10.1007/s42106-020-00100-w 

 

Rao, D. S., Neeraja, C. N., Babu, P. M., Nirmala, B., Suman, K., Rao, L. V. S., Surekha, K., Raghu, P.,  Longvah, T., Surendra, P., Rajesh, K., Babu, V., & 
Voleti, S. R. (2020). Zinc Biofortified Rice Varieties: Challenges, Possibilities, and Progress in India. Frontiers in Nutrition, 7. 
https://doi.org/10.3389/fnut.2020.00026 

 
Rashid, A., Ram, H., Zou, C., Rerkasem, B., Duarte, A. P., Simunji, S., Yazici, A., Guo, S., Rizwan, M., Bal, R. S., Wang, Z., Malik, S. S., Phattarakul, N., 

Freitas, R. S., Lungu, O., Barros, V. L. N. P., & Cakmak, I. (2019). Effect of zinc-biofortified seeds on grain yield of wheat, rice, and common bean grown in 

six countries. Journal of Plant Nutrition and Soil Science, 182, 791–804. https://doi.org/10.1002/jpln.201800577 
 

Saha, S., Chakraborty, M., Padhan, D., Saha, B., Murmu, S., Batabyal, K., Seth, A., Hazra, G. C., Mandal, B., & Bell, R. W. (2017). Agronomic 

biofortification of zinc in rice: Influence of cultivars and zinc application methods on grain yield and zinc bioavailability. Field Crops Research, 210, 52-60. 
https://doi.org/10.1016/j.fcr.2017.05.023 

 

Silva, A. L., Canteri, M. G., Silva, A. J., & Bracale, M. F. (2017). Meta-analysis of the application effects of a biostimulant based on extracts of yeast and 
amino acids on off-season corn yield. Semina: Ciências Agrárias, 38(4), 2293-2304. http://dx.doi.org/10.5433/1679-0359.2017v38n4Supl1p2293 

 

Silva, M. Z. T. (2020). A segurança e a soberania alimentares: conceitos e possibilidades de combate à fome no Brasil. Revista de Sociologia Configurações, 
25, 97-111. https://doi.org/10.4000/configuracoes.8626 

 

Silveira, D. T., & Códova, F. P. (2009). A pesquisa científica. In: Gerhardt, T. A., & Silveira, D. T. (org). Métodos de pesquisa. SEAD/UFRGS. 
 

Singh, A. & Shivay, Y. S. (2013). Residual effect of summer green manure crops and Zn fertilization on quality and Zn concentration of durum wheat 

(Triticum durum Desf.) under a Basmati rice–durum wheat cropping system. Biological Agriculture & Horticulture, 29, 271–287. 
https://doi.org/10.1080/01448765.2013.832381 

 
Singh, M. K., & Prasad, S. K. (2014).  Agronomic Aspects of Zinc Biofortification in Rice (Oryza sativa L.). Proceedings of the National Academy of 

Sciences, India Section B: Biological Sciences, 84(3), 613–623. https://doi.org/10.1007/s40011-014-0329-4 

 
Souza, G. A., Harta, J. J., Carvalho, J. G., Rutzke, M. A., Albrecht, J. C., Guilherme, L. R. G., Kochiana, L. V., & Li, L. (2014). Genotypic variation of zinc 

and selenium concentration in grains of Brazilian wheat lines. Plant Science, 224, 27-35. https://doi.org/10.1016/j.plantsci.2014.03.022 

 

http://dx.doi.org/10.33448/rsd-v10i6.15133


Research, Society and Development, v. 10, n. 6, e39210615133, 2021 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i6.15133 
 

 

13 

Stein, A. J., Meenakshi, J. V., Qaim, M., Nestel, P., Sachdev, H. P. S., & Bhutt, A. Z. A. (2005). Technical Monograph. Analyzing the Health Benefits of 

Biofortified Staple Crops by Means of the Disability-Adjusted Life Years Approach: A Handbook Focusing on Iron, Zinc and Vitamin A. Washington, WA: 

HarvestPlus, 85 p. 
 

Stein, A. J., Nestel, P., Meenakshi, J. V., Qaim, M., Sachdev, P. S., & Bhutta, Z. A. (2007). Plant breeding to control zinc deficiency in India: how cost-
effective is biofortification? Public Health Nutrition, 10(5), 492–501. https://doi.org/10.1017/S1368980007223857 

 

Tupich, F. L. B., Fantin, L. H., Silva, A. L., & Canteri, M. G. (2017). Impacto do controle do mofo-branco com fluazinam na produtividade da soja no Sul do 
Paraná: metanálise. Summa Phytopathologica, 43(2), 145-150. http://dx.doi.org/10.1590/0100-5405/168479. 

 

Viechtbauer, W. (2010). Conducting Meta-Analyses in R with the metapfor package. Journal of Statistical Software, 36(3). 
 

Wang, Z., Liu, Q., Pan, F., Yuan, L., & Yin, X. (2015). Effects of increasing rates of zinc fertilization on phytic acid and phytic acid/zinc molar ratio in zinc 

bio-fortified wheat. Field Crops Research, 184, 58–64. https://doi.org/10.1016/j.fcr.2015.09.007 
 

White, P. J., & Broadley, M. R.  (2009). Biofortification of crops with seven mineral elements often lacking in human diets—iron, zinc, copper, calcium, 

magnesium, selenium and iodine. New Phytologist, 182(1), 49–84. https://doi.org/10.1111/j.1469-8137.2008.02738.x 
 

WHO - World Health Organization? The World Health Report (2002). Reducing risks, promoting healthy life. 

 
Zaman, Q. U., Aslam, Z., Yaseen, M.., Ihsan, M. Z., Khaliq, A., Fahad, S., Bashir, S., Ramzani, P. M. A., & Naeem, M. (2018). Zinc biofortification in rice: 

leveraging agriculture to moderate hidden hunger in developing countries Archives of Agronomy and Soil Science, 64, n. 2. 
https://doi.org/10.1080/03650340.2017.1338343 
 

Zeffa, D. M., Fantin, L. H., Santos, O. J. A. P., Oliveira, A. L. M., Canteri, M. G., Scapim, C. A., & Goncalves, L. S. A. (2018). The influence of topdressing 

nitrogen on Azospirillum sp. inoculation in maize crops through meta-analysis. Bragantia, 77(3), 493-500. https://doi.org/10.1590/1678-4499.2017273 
 

Zeffa, D. M., Fantin, L. H., Koltun, A., Oliveira, A. L. M., Nunes, M. P. B. A., Canteri, M. G., & Goncalves, L. S. A. (2020). Effects of plant growth-

promoting rhizobacteria on co-inoculation with Bradyrhizobium in soybean crop: a meta-analysis of studies from 1987 to 2018. PeerJ. 
https://doi.org/10.7717/peerj.7905 

 

Zou, C., Du, Y., Rashid, A., Ram, H., Savasli, E., Pieterse, PJ., Monasterio, O., Yazici, A., Kaur, C.,   Mahmood, K., Singh, S., Roux M. R. L., Kuang, W., 
Onder, O., Kalayci, M., & Cakmak, I. (2019). Simultaneous Biofortification of Wheat with Zinc, Iodine, Selenium, and Iron through Foliar Treatment of a 

Micronutrient Cocktail in Six Countries. Journal of Agricultural and Food Chemistry, 67, 1-8. https://doi.org/10.1021/acs.jafc.9b01829 

 

http://dx.doi.org/10.33448/rsd-v10i6.15133

