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Abstract 

 

The frequent use of the similar formulated fertilizers has reduced the supply of micronutrients to the crops. The application of 

micronutrients through leaf has increased the crops productivity. In this context, this study aimed to assess the effects of copper and 

zinc micronutrient applications in biometric variables and grain yield of maize crop. The experiment was conducted at the 

Agricultural Research Center of Copacol, using copper phosphite and zinc phosphite, using treatment (1) 100 g.ha-1 of copper, 

treatment (2) 500 g.ha-1 of zinc, treatment (3) 100 g.ha-1 of copper + 500 g.ha-1 of zinc and the treatment (4) witness (control). The 

treatments were applied at V6 phenological stage of maize with costal pump. The experimental design was randomized blocks with 

six repetitions. The variables measured were: number of plants per plot, number of spikes per plot, number of rows per spikes, 

number of grains per row and number of grains per spike, thousand grains weight and productivity of grains. For thousand-grain 

weight, there was higher effect of micronutrient treatments, compared to the control. For number of grains per row, there was no 

significant effect. However, application of single Zn showed better effects than Zn+Cu. In conclusion, application of Zn via leaf 

increased productivity. The Zn increased productivity of maize even when used in the soil with high Zn content.  

 

Keywords: Agronomic performance; competitive inhibition; leaf fertilization; micronutrients; Zea mays L. 

 

Introduction 

 

The average of maize productivity has increased due to the 

advances in agronomic knowledge, plant physiology and 

plant nutrition. The knowledge has led to grow the cultivation 

area by 7 % in summer as second crop. The production has 

increased by 35% in 2014, reaching 80 million tons in Brazil 

(CONAB, 2015). Fancelli (2014) pointed out that fertilization 

planning, based on the plants nutritional needs is extremely 

important, taking in account mineral absorption of nutrients, 

soil analysis and expected productivity. In this context, this 

management becomes essential in Brazilian soils, which have 

low organic matter content and increasingly compacted soils 

without crop rotation farming system (Araujo et al., 2007; 

Alves Neto et al., 2016). According to EMBRAPA (2011), 

for the production of 9 t ha-1 of maize grains the following 

nutrients are extracted: 2.1 g of iron, 340 g of manganese, 

400 g of zinc, 170 g of boron, 110 g of copper and 9 g of 

molybdenum. However, deficiency of one of them may cause 

disorganization in the metabolic processes or reduction in 

productivity (Kparmwang et al., 2000). Zinc is the most 

required micronutrient for maize crop, with demand from 2 to 

6 kg ha-1, especially in Brazilian cerrado soils that is sandy 

and poor in organic matters (Eteng et al., 2014). Zinc is part 

of dehydrogenases, proteinases, peptidases and 

fosfohidrogenases enzymes components. The basic functions 

of zinc in plants are related to carbohydrate metabolism, 

besides being a component in the formation of auxin 

structures, RNA and ribosomes and fertility of pollen grain 

(Prado et al., 2008). For copper (Cu), the lack of this 

micronutrient contributes to the predisposition of corn to 

cercospora leaf spot and complex white spot (Fancelli, 2014). 

Copper is an enzymatic activator, especially in 

photosynthesis and severe deficiency of this micronutrient 

inhibits reproduction (Favarin et al., 2008). Several methods 

can be used to apply copper and zinc for corn production. 

They can be applied in the soil or through leaf or seeds. Leite 

et al. (2003) studied increasing doses of Cu (0 to 16 mg kg-1) 

and Zn (0 to 32 mg kg-1) through leaf in Dystrophic 

Quartzeneic Neosol. They showed an increase of dry matter 

in maize, and also increase in leaf content. With leaf 

applications of Cu Barbosa et al. (2013) showed an increase 
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in chlorophyll index, leaf area, thousand grain weight and 

productivity when they used Cu doses up to 100 g ha-1 in 

Oxisoil with clayey texture, because the higher doses had 

toxic effect on maize, with losses to growth and productivity 

of grains. Prado et al. (2008) studied application of Zn on 

nutrition and production of corn BRS 1001 dry matter via soil, 

seeds and leaf, and observed that the leaf application 

promoted absorption of the nutrient by the plant. Rastija et al. 

(2002), studied leaf Zn application of corn in a form of 

sulphate. Coelho-Filho (2006), confirmed that due to the use 

of high concentration fertilizer in Brazil, there was a 

reduction in the supply of micronutrients, which has raised 

leaf micronutrient applications in recent years. The 

determination of sources, doses and micronutrient application 

times and check for possible toxic effects to plants should be 

evaluated in different cropping systems with maize.  

Although some studies indicate positive response of maize 

to zinc application in Brazil, many doubts still arise regarding 

the most appropriate way of nutrient delivery and that 

promotes better plant nutrition. Moreover, it is known that Zn 

is a nutrient with little mobility in the phloem. It is necessary 

to study the efficiency of the foliar application of this nutrient 

in the maize plant. The objective of this work was to evaluate 

the biometric variables and grain yield, as a function of foliar 

application of copper and zinc in maize. 

 
Results and discussion 

 

The basic assumptions of normality (Shapiro-Wilk) and 

homogeneity of variance (Levene) were not significant at 1% 

error probability, validating the analysis (Table 1). According 

to Orioli et al. (2008), the micronutrient deficiency is 

common in Brazilian soils, because most of zinc and copper 

available in Brazil's soils are insufficient to meet the need of 

crops, or there is increase in pH by the application of 

relatively high amounts of lime, reducing the availability of 

these elements for the plants. 

In contrast, in the present experiment, the contents of Cu 

and Zn in the area where the study was conducted were 

considered high (Table 2). Ferreira et al. (2001) reported that 

responses to micronutrients application can occur even in 

soils with high contents of Cu and Zn, and in soil with 

adequate organic matter content and high availability of 

nitrogen by mineral fertilizer. Corn plants have higher growth, 

which results in dilution of micronutrients such as zinc and 

copper in the plant, causing disability and necessity of its use 

in fertilizing. 

The increase in absorption of micronutrients such as Cu 

and Zn by maize plants can be influenced by other factors 

such as low soil P levels, due to further development and 

colonization of the roots by mycorrhizal fungi, which linearly 

increases the absorption of Cu (Liu et al., 2000). 

No differences were found for the variables plants per plot-

stand (PP) and number of spikes per plot (SP) (Fig 1A and 

1B). The results of the analysis revealed differences only for 

thousand grain weight (TGW) compared to witness and all 

other treatments (Fig 1C). There was greater effect on 

average, in the application of isolated micronutrients and 

together compared to the control, checking that the treatment 

with Zn was superior than control by the applied t test.  
Studying the effect of doses of 0.5 and 10 mg dm-3 in maize 

yield components in two soil types, with Zn contents of 2.8 

and 2.7 mg dm-3, Gonçalves Junior et al. (2007) found no 

differences in mean weight of cobs, straw average weight, 

number of grains per ear and thousand grain weights. In this 

work, the authors attributed this behavior to the soil Zn levels 

that were adequate and the parameters that indicate the 

quality of soil as adequate organic matter and absence of 

compression. 

Furlani et al. (2005) evaluated 24 commercial maize 

hybrids for the efficiency in absorbing Zn doses ranging from 

0.0 to 0.8 mg L-1 of nutrient solution in a greenhouse of 

young plants, evidenced by the increase in the Zn 

concentration in the air part of the maize plant, biometric 

variables, height of dry plants and dry mass of the aerial part, 

increased linearly with the doses. 

For the characteristic such as number of grains per ear (GE), 

there was effect of contrast Cu, Zn versus Cu + Zn, the 

isolated effects from the products versus two concurrently, 

with the superiority of the individual effects (Table 1). In the 

average test, Zn treatment was superior to both 

micronutrients together and for the variables (Fig 2).  

According to Gianello et al. (1995), the behavior of plants for 

micronutrients must be studied on a regional basis, taking 

into account the particularities of each soil, due to plant 

uptake and availability of Zn and Cu in soils, depends on the 

microbial activity in the soil and about 98 to 99% of Zn 

occurs in the form of organic complexes. 

For the grain yield, it was found that isolated effects of Cu 

and Zn exceeded the treatment with both products applied 

together (Table 1). For this characteristic in the average test, 

Zn treatment is better than both together and the control (Fig 

3). There is the same behavior for the features weight per 

parcel (P). This reduction trend on grain yield may be due to 

the imbalance in the absorption or in the metabolism of other 

nutrients.  

 

Productivity 

 

According to Malavolta et al. (1997), copper has an 

antagonistic effect on calcium, the same way that zinc has 

competitive inhibition with calcium. It is extremely important 

to invest on maize crop researches to evaluate the 

implications of the applications of these two nutrients 

together to assess the effects on productivity. The author also 

points out that zinc has inhibition on assimilation of Mg2+ 

and on H2BO3-, which would mean deficiency of these 

nutrients in high doses of zinc. 

Barbosa et al. (2013) studied the influence of Cu in maize 

crop with doses of 0, 100, 200, 300, 400, 500 and 600 g ha-1 

of Cu in Distroferric Red Latosol, with an average content of 

2.1 mg dm-3 of Cu, alert to the phytotoxic effects of this 

micronutrient in environments with high availability of this 

element by giving a dose of 100 g ha-1, which was the highest 

productivity of the crop. 

Jamami et al. (2006) studied the addition of doses of 2 kg 

ha-1 of boron and 4 kg ha- 1 of zinc in the maize crop, in 

Yellow Oxiso with sandy texture and observed less weight of 

total dry matter of the plant 90 days after emergence. 

According to the authors, these two nutrients should not be 

applied together at higher doses due to the fact that they can 

reduce the production of carbohydrates by photosynthesis, 

which is the main component of the total plant dry weight, 

providing less physiological development, leading to slower 

growth of hybrids. Experiments conducted in the maize crop 

by Souza et al. (1998) and Gonçalves Junior et al. (2007), 

showed that, there were no advantages in applying doses 

higher than 2.5 mg dm-3 of Zn, and the productivity of certain 

hybrids cannot respond to the application of this nutrient in 

soils with appropriate Zn concentrations. Fancelli (2014) 

emphasized that the supply of Cu and Zn may have an effect 

on maize yield, even in soils with adequate levels of these 

micronutrients. Zinc is the micronutrient required in greater 

amount,  where  the  effects  are observed in the quality of the 
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Table 1. Analysis of variance summary for the number of plants per plot-stand (PP), number of spikes per plot (SP), thousand grain 

weight (TGW), number of rows per spike (RS), number of grains per row (GR), number of grains per spike (GS), weight per portion 

(P) and productivity (PROD). 

Variation sources PP SP TGW RS 

 (-) (-) (g) (-) 

Control vs others 2.000ns 1.125ns 329.817* 0.009ns 

Cu, Zn vs Cu+Zn 2.250ns 0.250ns 1.778ns 0.538ns 

Cu vs Zn 4.083ns 10.083ns 87.480ns 0.013ns 

Basic assumptions (2) 

Shapiro-Wilk – W  0.9669ns 0.9819ns 0.9745ns 0.9585ns 

Levene – QM  0.7150ns 0.3619ns 11.5720ns 0.0889ns 

Variation sources GF GS P PROD 

 (-) (-) (g) (kg.ha-1) 

Control vs others 1.051ns 71.601ns 544968.000ns 1513797.100ns 

Cu, Zn vs Cu+Zn 3.240ns 2939.086* 779689.000* 2165792.967* 

Cu vs Zn 2.613ns 286.554ns 30200.333ns 8388.585ns 

Basic assumptions (2) 

Shapiro-Wilk – W  0.9788ns 0.9533ns 0.9886ns 0.9886ns 

Levene – QM  0.5124ns 38.2090ns 45336.9837ns 125935.5140ns 
(1) *: significant effect at 5% by F test; ns: non-significant effect at 5% by F test. (1)   
(2) Basic Assumptions: normality of the residues by Shapiro-Wilk – calculated W value; homogeneity of variances by Levene – QM: average square. (2). 

 

 

 
 Fig 1. Averages resulting from t-test (LSD) of the characteristics in maize, (A) number of plants per plot-stand (PP), (B) number of 

spike per plot (SP) and (C) thousand grain weight (TGW), in experiment conducted in Cafelândia 2015. 

 
Fig 2. Averages resulting from t test (LSD) of the characteristics in maize: eight characteristics in corn number of rows per spike 

(RS), number of grains per row (GR), number of grains per spike (GS), in experiment conducted in Cafelândia 2015. 
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Fig 3. Maize productivity through the application of zinc and copper, Cafelândia-PR, Brazil. 

 

Table 2. Chemical properties of the samples before the experiment, Cafelândia, PR, Brazil. 

Layer P M.O pH CaCl2 Ca+2 Mg+2 K+ H + Al Al+3 CTC SB Ca/Mg 

m mg dm-³ g dm-³ 

 

----------------------------cmolc dm-³---------------------- 

0 – 0.10 21.10 23.77 4.60 5.15 1.44 0.50 7.20 0.08 14.29 7.09 3.58 

0.10 – 0.20 13.00 17.14 4.50 4.48 1.21 0.34 7.20 0.19 13.23 6.03 3.70 

0 – 0.20 17.05 20.46 4.55 4.82 1.33 0.42 7.20 0.14 13.76 6.56 3.64 

Layer V% Al Ca Mg K S-SO4
-2 B Mn Zn Cu Fe 

m  -----------% de saturation in CTC-------     ----------------mg dm-³------------------- 

0 – 0.10 49.62 1.12 36.04 10.08 3.50 3.75 0.60 101.00 13.34 13.47 15.00 

0.10 – 0.20 45.58 3.05 33.86 9.15 2.57 5.15 0.55 93.00 8.64 15.58 22.00 

0 – 0.20 47.60 2.08 34.95 9.61 3.03 4.45 0.57 97.00 10.99 14.52 18.50 
V%: Sum of bases; P, K⁺, Cu, Zn, Fe e Mn – Mehlich-1; Ca²⁺, Mg²⁺ e Al³⁺ – KCl; M.O – Walkey Black; pH – Calcium chloride; H + Al – Buffer SMP; S(SO4)⁻

2 – 

Monocalcium phosphate; B – Barium chloride (EMBRAPA, 1997). 

 

 

harvested product, plant vigor and tolerance to diseases and 

pests. The recommended application of these micronutrients 

should be made based on soil analysis and also based on the 

peculiarities of farming systems and regionalized research 

work. 
 

Materials and Methods 

 

The experiment was conducted in the Agricultural Research 

Center of the Agroindustrial Cooperative Consolota in the 

city of Cafelândia, west of Paraná, Brazil. The experiment 

was conducted in the area of maize cultivation with ten years 

of tillage system, in which the succession system of soybean 

in summer and wheat, oats and maize in the winter crop have 

been fertilized with mineral fertilizers, as the usual crop 

requirements. The nitrogen fertilization in maize coverage 

was performed manually in the V4 stage, with 30 kg ha-¹ of 

N as urea in all plots.  
 

Soil characterization 

 

The soil was classified as Distroferric Red Latosol 

(EMBRAPA, 2013), with clay, silt and sand contents of 720, 

130 and 150 g kg-1, respectively. The soil samples were 

collected at the depths of 0-0, 10 and 0.10-0.20 m. The data 

of chemical analysis are shown in Table 2. Dolomitic lime 

was applied according to the necessity to raise base saturation 

(V%) to 70%. The system used for cultivation was tillage 

system. The contents of Cu and Zn in the area considered as 

high (EMBRAPA, 2011). 

 

Climate characterization 

 

The climate, according to Koppen, is Cfa, with hot summer 

with concentration of rainfall, winter with infrequent frosts 

without defined station. The average annual rainfall is around 

1,500 mm, with average summer temperatures exceeding 

20°C and winter average temperatures below 18ºC (IAPAR, 

2014). 

 

Experimental design 

 

Treatments were applied at V6 stage of maize, being the 

treatment (1) 100 g of copper ha-1, treatment (2) 500 g of zinc 

ha-1, treatment (3) 100 g of copper ha-1 + 500 g ha -1 zinc and 

treatment (4) witness/control. Liquid products used did not 

have other micronutrients in their composition, being applied 

to the crop with costal pump with capacity for 20 liters, PJB 

model - 20c - Jacto®, 1.5 meters long bar fitted with 3 

nozzles (distance 0.5 m between nozzles) with pressure in bar 

set to 350 kPa and volume regulated tank to apply a flow of 

150 L ha-1, with nozzle plant jet (range) 110 02. 

In this study, we used the hybrid Dekalb 240 PRO, seeded 

on September 12, 2014, with spacing of 0.5 m. The main 

plots were allocated as 10 m long × 2.50 m wide (25 m²), but 

the harvest was held on a 3-line spacing 0.5 m, 4 m long, 

totaling 6 m2 of area.  

 
Characteristics assessed 

 

The number of plants per plot (PP-stand), number of spikes 

per plot (SP) and weight of a thousand grains (WTG) were 

determined according to the methodology described in the 

RAS (Brazil 1992), and the number of rows per spike (RS), 

number of grains per row (GR) were determined with the 

count of ten ears per plot and number of grains per spike (GS) 

from the determination of the number of rows multiplied by 

the number of grains per row. The weight per portion (P) and 

grain productivity (PROD) were made from the harvest of 

maize and threshed in batter plots and weighed on a precision 

scale, standardized to 13% moisture. 
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Data analysis  
 

The results were submitted to variance analysis, while the 

comparisons between the means by F-test, with 5% error 

probability and the breakdown of the sum of squares for 

treatments in orthogonal contrasts. Statistical analysis was 

performed using the statistical program SISVAR 5.1 

(Ferreira, 2011). 

 

Conclusion 

  

The application of copper on leaf with high levels of this 

nutrient in the soil did not increase the grain productivity. 

The application of zinc provided increment in grain yield due 

to the higher weight of thousand grains and grains per spike. 

The Zn leaf fertilizing should be recommended in a typical 

dystroferric red soil. The application of Cu and Zn together 

did not reflect as higher productivity, weight per plot and 

number of grains per ear.  

 

References 

 

Araújo R, Goedert WJ, Lacerda MPC, (2007) Qualidade de 

um solo sob diferentes usos e sob cerrado nativo. Rev Bras  

Ciênc  Solo. Viçosa, 31:1099-1108. 

Alves Neto AJ, Belmonte C, Moratelli Neto G, Gonçalves 

Junior AC (2016) Impactos ambientais no sistema de 

plantio direto não consolidado. Journal of Agronomic 

Sciences, 5:14-25. 

Barbosa RH, Tebaldi LA, Miyazaki FR, Pilecco M, Kassab 

SO, Bigaton D (2013) Leaf copper uptake by maize plants: 

effects on growth and yield. Ciência Rural. 43:1561-1568. 

BRASIL (1992) Ministério da Agricultura e Reforma Agrária. 

Secretaria Nacional de Defesa Agropecuária. Departamento 

Nacional de Defesa Vegetal. Coordenação de Laboratório 

Vegetal. Regras para análise de sementes. Brasília, DF, 

1992. 365 p.  

Coelho AM, Filho AC (2015) Adubação foliar  da cultura do 

milho utilizando produtos multinutrientes. Embrapa milho 

e sorgo. Sete Lagoas-MG. Disponível em: 

http://www.alice.cnptia.embrapa.br/alice/bitstream/doc/490

166/1/Adubacaoleaf.pdf. Acesso em 31 jun. 2015. 

Conab - Companhia Nacional de Abastecimento. Safras. 

Séries históricas. Disponível em: 

<http://www.conab.gov.br/conteudos.php?a=1252&t=2&P

agina_objcmsconteudos=3#A_objcmsc 

onteudos> Acesso em: 27 jul. 2015.  

Embrapa (2013) Centro Nacional de Pesquisa de Solos. 

Sistema brasileiro de classificação de solos. 3.ed. Brasília: 

Embrapa. 353p.  

Embrapa (2014) Soja. Sistemas de Produção 16. ISSN 2176-

2902 Versão Eletrônica. Disponível em: < 

http://www.infoteca.cnptia.embrapa.br/bitstream/doc/97559

5/1/SP16online.pdf>.18 nov 2014. 

Embrapa (2015) Milho e Sorgo. Nutrição e adubação do 

milho. 7.ed. Sete Lagoas, 2011. Disponível em: <http: 

http://www.cnpms.embrapa.br/publicacoes/milho_7_ed/fer

aduba.htm>. Acesso em: 27 jul. 2015. 

Eteng EU, Asawalam DO, Ano AO (2014) Effect of Cu and 

Zn on maize (Zea mays L.) yield and nutrient uptake in 

coastal plain sand derived soils of southeastern Nigeria. 

Open Journal Of Soil Science. 235-245. 

Fancelli AL (2010) Milho. In: Prochnow LI, Casarin V, Stipp 

SR, (Eds.). Boas práticas para uso eficiente de fertilizantes: 

culturas. IPNI, Piracicaba. p.40-93. 

Favarin JL, Tezotto T, Ragassi CF (2008) Uso racional de 

micronutrientes na cultura de milho. International Plant 

Nutrition Institute. Informações Agronômicas Nº 122, 

Junho, 8p. 

Ferreira ACB, Araújo GAA, Pereira PRG, Cardoso AA (2011) 

Características agronômicas e nutricionais do milho 

adubado com nitrogênio, molibdênio e zinco. Scientia 

Agricola. 58:131-138. 

Furlani AMC, Furlani PR, Meda AR, Duarte AP (2005) 

Efficiency of maize cultivars for zinc uptake and use. 

Scientia Agricicola. 62:264-273. 

Gianello C, Bissani CA, Tedesco MJ (1995) Princípios de 

fertilidade do solo. Porto Alegre: UFRGS. 276 p. 

Gonçalves Júnior AC, Trautmann RR, Marengoni NG, 

Ribeiro OL, Santos AL (2007) Corn productivity as an 

answer to fertilization with NPK and Zn on Eutrophic Red-

Yellow Argissol and Red Eutroferric Latossol. Ciência 

Agroecológica. 31:1231-1236. 

IAPAR (2015) Instituto Agronômico do Paraná. Cartas 

climáticas do Paraná. Disponível em: <http:// 

www.iapar.br/modules/conteudo/conteudo.php?conteudo=59

7>. Acessado em: 31 jun. 2015.  

Jamami N, Bull LT, Corrêa JC, Rodrigues JD (2006) 

Resposta da cultura do milho (Zea mays L.) à aplicação de 

boro e dezinco no solo. Acta Scientiarum Agronomy.28:1-7. 

Kparmwang, T, Chude VO, Raji BA, Odunze AC (2000) 

Extractable micronutrients in some soils developed on 

sandstone and shale in Benue Valley, Nigeria. Nigerian 

Journal of Soil Science Research, 1:42-48. 

Liu A, Hamel C, Hamilton RI, Smith BL Ma DL (2000) 

Acquisition of Cu, Zn, Mn and Fe by mycorrhizal maize 

(Zea mays L.) grown in soil at different P and micronutrient 

levels. Mycorrhiza, 6:331-336. 

Malavolta E, Boaretto AE, Paulino VT (1991) 

Micronutrientes: uma visão geral. In: FERREIRA, M. E; 

CRUZ, M. C. P. Micronutrientes na agricultura. Piracicaba: 

POTAFOS, p. 1-34.  

Malavolta E, Vitti GC, Oliveira AS (1997) Avaliação do 

estado nutricional das plantas: princípios e aplicações. 2.ed., 

ver. e atual. Piracicaba. POTAFOS. 

Orioli Júnior V, Prado VOJRM, Leonel CL, Cazetta, DA, 

Silveira, CM, Queiroz RJB, Bastos JCHA (2008). Modos 

de aplicação de zinco na nutrição e na produção de massa 

seca de plantas de trigo. Soil Science Plant Nutrition. 8:28-

36. 

Prado RM, Romualdo LM, Rozane, DE, Vidal AA (2008) 

Modos de aplicação de zinco na nutrição e na produção de 

matéria seca do milho BRS 1001. Bioscience Journal. 

24:67-74. 

Rastija, M., Bukvic, G., Josipovic, M(2002) Response of corn 

to zinc fertilization. Proc. Union of Scientists Rousse. 

Energy efficiency and agricultural engineering. Int Sci. 

Conf Rousse. Bulgaria,1:131–136. 

Souza ECA et al (1998) Resposta do milho a adubação com 

fósforo e Zn. Pesquisa Agropecuária Brasileira, 33: 1031-

1036. 

 


