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Abstract 
Zinc (Zn) is the micronutrient with the lowest availability in agricultural soils, and consequently 50 % of the 
world’s soils present Zn deficient. To test the viability of alternative Zn sources (Zn acetate and Zn oxide) to corn 
and soybean seed treatments, we ran an experiment using these two alternatives at contrasting application rates 
(0; 0.25; 0.50; 0.76 and 1.01 g kg-1) applied to soybean and corn seeds that were subsequently sowed in sandy 
and clay soils. We measured: Zn accumulation, dry matter and germination, and analyzed this data using uni 
(LSD-test) and multivariate analysis (Principal Component Analysis, PCA). Results of the PCA showed that the 
sandy soil yielded higher dry matter and Zn accumulation than the clay soil. The corn provided higher dry matter 
while the soybean showed enhanced Zn accumulation and germination. The LSD test showed that corn presented 
positive Zn accumulation in response to Zn rates in both sandy and clay soil. For soybeans, this effect was only 
observed in sandy soil, while the clay soil presented decreases in dry matter and germination due to Zn rates. 
Overall, our findings reveal that both Zn acetate and Zn oxide are viable alternatives for supplying Zn to corn 
seed treatment in sandy and clay soil, and to soybean seed treatment in sandy soil. We suggest that more research 
should be undertaken to understand the response of soybean seed treatments to Zn supply, especially in clay soil.  

Keywords: plant Zn accumulation, plant emergence, soil textures, zinc sources, zinc rates 

1. Introduction 
Zinc (Zn) is widely considered to be the micronutrient with the lowest availability in agricultural soils (Alloway, 
2011), and consequently, 50 % of the world’s agricultural soils have been classified as Zn low level (Fageria et 
al., 2002). Under normal conditions, Zn is found within the soil superficies due to its low mobility and strong 
relationship with organic matter (Dechen & Nachtigall, 2006) and clay present in the soil (Alloway, 2011). 

With respect to plant metabolism, Zn plays an essential role in nitrogen metabolism (Faquin, 2005), and 
enzymatic activation (Dechen & Nachtigall, 2006; Nonogaki et al., 2010), which are in turn strongly related to 
crop development and the resulting productivity of grain and cereal crops (Fageria et al., 2002), and the Zn 
causes decrease in radicular development.  

Zn fertilization of plants can be performed through direct addition to soils, or application to seeds and leaves. 
Soil Zn fertilization has been shown to enhance corn, Zea mays L. (Pereira et al., 1973; Galrão, 1996) and 
soybean (Glycine max L. Merril) productivity (Sousa et al., 1993). On the other hand, Zn fertilization of seeds 
has been shown to improve crop productivity, seed germination and plant growth (Nonogaki et al., 2010), which 
presents advantages in terms of application uniformity and small rates with precision (Lopes & Souza, 2001), 
and can be considered the best alternative to Zn fertilization (Boneccarrére et al., 2004; Ribeiro et al., 1994). 
However, the seed treatment efficiency should be tested according to the seed characteristics, Zn application 
rates and sources.  

The main Zn sources used to seed treatments are Zn oxide and Zn sulfate (Galrão, 1996). According to Prado et 
al. (2007), Zn oxide is a more efficient means of increasing early corn growth compared to Zn sulfate. To date 
however, there have been no studies testing the potential for Zn acetate to be used as an alternative to seed 
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Table 1. Soil chemical and physical characterization and seed characterization 

Soil chemical and physical characterization1 
Soils pH OM P S Ca Mg K Al H+Al 
  g dm-3 mg dm-3 -------------------------------- mmolc dm-3-------------------------------------
Sandy  4.9 5.0 4.3 6.1 4.1 2.1 1.1 1.0 22.0 
Clay 4.5 16.9 6.1 63.1 8.0 2.0 0.5 3.0 64.0 
 SB CEC V B Cu Fe Mn Zn Sand Silt Clay 
 --- mmolc dm-3 --- % ---------------------- mg dm-3 ------------------- ------------- g kg-1 -----------
Sandy  7.3 29 24 0.26 < 0.4 7.0 < 0.5 0.1 872 29 99 
Clay 10.5 75 14 0.35   0.6 5.0   0.8 0.2 220 181 599 
Seed characterization 
Seeds Protein2 Lipid2 Carbohydrates2 Storage structure2 Phytic acid3  
 ------------------------------- % ---------------------------------  ------- g 100g-1 -------
Soybean 37 17 26 Endosperm 1.2-1.7 
Corn 10 05 80 Embryo 0.8-1.1 

Note. 1 Organic matter-OM; Phosphorus-P; Sulfur-S; Calcium-Ca; Magnesium-Mg; Potassium-K; Aluminum-Al; 
Hydrogen+Aluminum-H+Al; Sum of bases-SB; Cation exchange capacity-CEC; Boron: B; Copper: Cu; Iron: Fe; 
Manganese: Mn; Zinc: Zn. 2 Marcos Filho (2005); 3 Hídvégi and Lásztity (2002). 

 

2.2 Experiment Installation 

In the greenhouse facility, the sandy and clay soils were prepared using the rate of 1.99 and 6.26 g pot-1 calcium 
carbonate, and 0.85 and 2.68 g pot-1 magnesium carbonate, respectively, of according of soil tests to achieve 60% 
of base saturation. Prior to being incubated, samples were maintained at 70% of the field capacity for two weeks, 
aiming the time reaction. After this period, fertilizers (5.1 mg kg-1 of urea, 100 mg kg-1 of 
Mono-Ammonium-Phosphate and 50 mg kg-1 of Potassium sulfate) were broadcast evenly across the soils and 
mixed thoroughly. Micronutrients were also provided during planting in the form of 0.2; 5.0; 3.0; 0.1; and 1.5 
mg kg-1 of Boric acid, EDTA Iron, Manganese oxide, Ammonium molybdate and Copper sulfate, respectively, 
according to plant needs and soil test (Table 1).  

Posteriorly, pots were filled with soil (4.5 kg soil pot-1, total volume of 4.3 L). Zn acetate and oxide application 
rates were prepared by dissolving the appropriate volumes of material in deionized water and applied at soybean 
(Cultivar TMG 1168 RR) and corn seeds (Hybrid 2B810PW). Six seeds were planted in every pot at a depth of 3 
centimeters.  

Fifteen days after sowing, seedlings were thinned two plants per pot and another application of fertilizer was 
performed via nutrient solution containing 12.5; 12.5; 18.7 and 0.1 mg kg-1 of Urea, MAP, Potassium chlorate 
and boric acid, respectively. Throughout the experiment, plants were irrigated every day with deionized water 
and humidity was maintained at about 60 % of the soil field capacity. 

2.3 Parameters Measured and Data Analysis 

On the 8th and 13th day after sowing, the number of emerging plants were counted to check the seed germination 
(GD) per pot, using the physiological criterion of protrusion (≥ 5 mm), of the first visible structure. The dry 
biomass production of the aerial part was collected on the 30th day after sowing (V6-V8 corn stage and R6 
soybean stage), dried to a constant weight at 75±2 °C and weighed. Dry biomass samples were used to determine 
the plant zinc accumulation as described in Malavolta et al. (1997), with the value (Zn concentration) multiplied 
by the aerial dry biomass to obtain the total zinc accumulated. 

The descriptive statistics assessed included: the mean, standard deviation, minimum and maximum values. The 
assumptions of normality were evaluated using the Shapiro-Wilk test and outliers were identified by the Grubbs’ 
test (Grubbs, 1969) and homogeneity of variance was assessed using the Bartlett test. 

We used Principal Component Analysis (PCA) to identify variation between soil textures and plant species using 
the variables: dry matter, zinc accumulation, 8th and the 13th germination day after sowing. Therefore, initially, 
the date group was standardized to obtain a zero mean and constant variance (Sneath & Sokal, 1973), and a 
Euclidean matrix was calculated (Manly, 2008) using the Ward algorithm to group similar data points (Hair et al., 
2010). The Principal Component (CP) with eigenvalues greater than 1, was used because it provides relevant 
information about the original variables (Kaiser, 2002). The results of the PCA were presented separately as 
Bi-plots for each soil texture and plant species to identify the groupings of information.  
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3.2 Zinc Rates 

For sandy soil, the effect of Zn application rates on Zn accumulation by soybean plants fitted a linear response 
curve (R2 = 88.5 %; P < 0.01), as did corn plants (R2 = 81.7 %; P < 0.01), Table 3 and Figure 3. 

 

Table 3. Mean estimates of dry matter (DM), Zn accumulation (Zn Accu.), 8th and 13th germination day (GD) for 
corn and soybean seeds in sandy soil 

Rates 
Soybean Corn 

Zn Accu. DM 8th GD 13th GD Zn Accu. DM 8th GD 13th GD 

g kg-1 µg pot-1 g pot-1 ----------- % ----------- µg pot-1 g pot-1 ----------- % -----------

0 16.7 0.4 83.2 91.7 27.0 1.6 50.0 50.0 

0.25 29.4 0.5 89.3 100.0 29.6 1.8 43.8 43.7 

0.51 42.2 0.4 93.6 93.6 47.6 1.8 52.0 52.0 

0.76 49.0 0.5 87.3 93.6 53.1 2.1 43.0 49.8 

1.01 48.1 0.4 81.3 93.6 50.1 2.0 35.3 41.7 

prate <0.011 0.65 0.59 0.55 0.011 0.28 0.38 0.76 

psource 0.17 0.50 0.87 0.43 0.20 0.78 0.78 0.86 

pinter. 0.70 0.43 0.71 0.92 0.49 0.45 0.92 0.98 

Note. 1: p values < 0.1, means significant regression using the liner model adjust. 

 

Furthermore, in sandy soil the control treatments provided the lowest Zn accumulation by plants with the 
decrease of 43 % and 9 % compared to the smallest Zn rate tested, respectively for soybean and corn plants. The 
effect of Zn application rate was not significant for estimates of dry matter weight or germination counts. For all 
tested variables, there was no significant interaction between Zn rates and sources (Table 3). 

 

 

Figure 3. The effect of Zn rate on Zn accumulation (µg pot-1) for corn and soybean seeds in sandy soil 

 

In clay soil, the effect of varying Zn application rate on soybean seeds fitted a negative quadratic response curve 
for dry matter (R2 = 95.1 %; P < 0.01), and for the 8th (R2 = 95.7 %; P < 0.01) and 13th (R2 = 40.3 %; P < 0.01) 
germination day (Table 4 and Figure 4).  

In other words, the control treatment yielded 100 % germination and dry matter estimates that were 23 % higher, 
while there was no significant effect observed for corn seeds. Both types of seed, presented distinct 
characteristics, with corn having a high amount of carbohydrates, while soybean comprised of high protein, lipid 
and phytic acid concentrations (Table 1). 
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Table 4. Summary of dry matter (DM), Zn accumulation (Zn Acc.), 8th and 13th GD for corn and soybean seeds 
treated with Zn Acetate (Zn Ac) and Zn oxide (Zn Ox.) in Clay soil 

Rates 

Soybean Corn 

Zn Acc. DM 8 th 13th 
Zn Acc. DM 

8th 13th 
Zn Ac Zn Ox Zn Ac Zn Ox 

g kg-1 µg pot-1 g pot-1 ------- % ------- ----- µg pot-1 ----- ------ g pot-1 ------ ------- % -------

0 24.4 1.6 100.0 100.0 6.2 6.2 0.6 0.6 41.7 50.2 

0.25 23.5 1.4 89.5 97.8 11.8 9.5 1.1 0.9 52.0 56.2 

0.51 25.7 1.1 79.2 89.3 12.1 6.6 1.1 0.6 54.1 60.5 

0.76 32.8 1.1 83.2 97.8 12.5 13.2 0.9 0.9 39.5 48.0 

1.01 33.4 1.3 87.5 91.6 10.7 18.9 0.8 1.1 52.8 63.2 

prate 0.29 0.082 0.052 0.052 <0.011,2 0.102 0.40 0.49 

psource 0.36 0.48 0.33 0.32 0.84 0.51 0.36 0.54 

pinter. 0.29 0.95 0.52 0.58 <0.01 0.08 0.29 0.42 

Note. 1: p values < 0.1, indicates a significant regression using the liner model; 2: quadratic model.  

 

Additionally, in clay soil corn seeds presented a positive interaction between Zn sources and application rates 
with respect to Zn accumulation and dry matter content (Table 4 and Figure 4). Zn acetate provided an average 
increase of 7.6 % and 8.9 % in Zn accumulation and Dry matter when compared to Zn oxide. 

 

 

Figure 4. The effect of Zn application rates on dry matter content (g pot-1), 8th and 13th germination day for 
soybean seeds in Clay soil 

 

For Zn oxide, a positive curve described the relationship between application rate and both Zn accumulation 
(Linear, R2 = 76.3 %; P < 0.01) and dry matter (Quadratic, R2 = 66.3 %; P < 0.01). While, for Zn acetate it was 
possible to fit a quadratic response curve to describe Zn accumulation (R2 = 92.7 %; P < 0.01), and dry matter 
(R2 = 83.9 %; P < 0.01), with increment by the rate of 0.6 and 0.5 g kg-1 seeds (Table 4 and Figure 5). According 
to these trends, it was possible to recommend a Zn oxide application rate of 1.0 g kg-1, and a Zn acetate 
application rate of 0.5-0.6 g kg-1 to obtain the highest Zn accumulation and dry matter for corn seed treatments.  
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4. Discussion 
4.1 Soil Texture and Plant 

PCA results showed that the variance concentration along the axis CP1 and CP2, accounted for 74.2 % of the 
total variance, and attending the criteria of at least 70 %, described by Senath and Sokal (1973). Therefore, PCA 
appears to be an appropriate statistical approach to examine the relationship between soils and plant. 

The differentiation of soil type into two distinct groups (sand vs. clay) can be attributed to the increases of 50 % 
and 70 % dry matter and Zn accumulation in clay soils, which may be governed by the soil Zn dynamics, and the 
fact that this element is intrinsically associated with soil minerals, mainly clay (Malavolta, 2006; Inocêncio et al., 
2012) and organic matter (Malavolta, 2006). Both, were higher in clay soil, and are able to adsorb Zn from the 
soil over relatively short periods to trigger Zn decrement for plants and seeds. This is backed up by the 
observation that prior to experiments, the clay soil presented higher concentrations of Ca2+, Cu2+ and P, which 
are known to inhibit Zn absorption. Interestingly, there was no effect on germination, probably because of 
adequate water availability during the experiment for both soils.  

PCA also highlighted the clear disparity between corn and soybean, through the observation that the dry matter 
vector was closer and higher with respect corn, representing an increase of 35 % when compared to soybean. 
This may be partially explained by plant physiology, as corn plants given adequate temperature and soil moisture 
achieve the V3-V4 stage at 30 days and present greater development, three developed leaves (Magalhães & 
Durães, 2002). Over a similar period of time, the soybean plants also presented the V3-V4 stage, but showed a 
dramatic increase in visible root nodules (Fehr & Caviness, 1977) and greater root development. In this way, our 
results reflect the differential development of plant crops, with soybean showing rapid initial developed of roots 
while corn showed greater increases in above ground part.  

Interestingly, we observed that soybean presented higher germination on the 8th and 13 th day in sandy and clay 
soil, which represented an increase of almost 47 % compared to corn. While the positive effect of Zn application 
have been shown for both soybean germination (Santos et al., 1986), and corn seeds (Ribeiro, 1993), these 
benefits are probably more pronounced for corn seeds than soybean. The Zn applied to seeds triggers the 
translocation of Zn from the seed to the plant during and after germination (Muraoka, 1981). 

4.2 Zinc Rates 

Corn and soybean usually present high responsiveness to Zn addition in soils that have pronounced Zn 
deficiency. Our results concur with this observation, showing that in sandy soil, corn and soybean fitted a linear 
response curve for the relationship between Zn accumulation and Zn application rates, as has been affirmed by 
Prado et al. (2007) testing Zn rates using corn seed treatments. The addition of 1 g kg-1 of Zn, regardless of 
source, appears to have a positive effect on Zn accumulation and it is associated lower Zn level and clay 
concentration, before the experiment. This is apparent when we compare the control treatments, which yielded 
the lowest Zn accumulation by plants with the lowest Zn application rate (i.e., decreases of 43 % and 9 %, 
respectively for soybean and corn plants). It is also likely that plants found adequate soil chemical conditions 
which facilitated root growth that allowed development through the soil and absorb the Zn due to the essentiality 
and the Zn absorb by seeds (Malavolta et al., 1987), which was manifest by higher Zn accumulation in plants 
(Prado et al., 2007). 

Interestingly for clay soil, Zn rates presented a negative effect on soybean seed germination following a decrease 
and a small increase. Yagi et al. (2006) have previously shown a negative effect of Zn on the germination of 
Sorghum bicolor sp. that was related to the amount of Zn applied to the seeds. It should be kept in mind that any 
negative responses may be because soybean seeds have a higher phytic concentration, as well as high protein and 
lipid concentration and low carbohydrates in the endosperm when compared to corn. The high level of phytate, 
protein bodies, in soybean seed has be described by Gupta et al. (2015), located in endosperm and representing 
10.7% of phytic acid on soy seeds (Lehrfeld, 1994). Therefore, we hypothesized that phytate may have blocked 
zinc absorption during the germination process, in a way similar to that described by Couzy et al. (1998) who 
showed phytate to be a potent inhibitor of Zn absorption in humans.  

On the other hand, corn seeds responded positively to Zn oxide in terms of Zn accumulation and dry matter, 
leading us to recommend an application rate of 1.0 g kg-1 for corn seed. With respect Zn acetate, we recommend 
a lower rate between 0.5 and 0.6 g kg-1 seeds. The positive outcomes of using Zn acetate on soybean seed 
treatment have been observed by Milléo and Cristófoli (2015) and Gomes et al. (2016), who reported increases 
in soybean plant height, plant number and root dry mass (Milléo & Cristófoli, 2015), while for corn seed there 
have been reports of reduction in the time of emergency (Gomes et al., 2016).  
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4.3 Zinc Sources 

The absence of major differences in the effect of Zn acetate and Zn oxide as a fertilizer for corn and soybean 
seed treatment is a promising result. Although there was a small disparity of 0.1 g pot-1 for dry matter among 
treatments in clay and sandy soil, for practical purposes this can be considered insignificant. Even though Zn 
acetate presented low Zn (78 % lower) and N content (4 % higher) it appeared sufficient to supply additional Zn 
to plants. Our results contrast those done on other Zn sources such as Zn sulfate described by Malavolta et al. 
(1987), and Prado et al. (2007) which have been reported as less viable when compared to Zn oxide. One 
explanation for our findings is that both fertilizers tested here are soluble and the amount of Zn necessary to 
elicit a response may be lower in seed treatments.  

Our findings are important because they show that Zn supply can be effective at the seed treatment stage, which 
has the advantages of permitting uniform application and the need for comparatively lower application rates 
because of the homogeneous distribution. Soil having Zn deficiency may be more responsive to corn and 
soybean seed treatment, which can be supplied as either Zn acetate or Zn oxide because both seem to be viable 
alternative sources with little difference between them. We do not recommend using the soybean seed treatment 
in clay soil because of the germination decrease, but we do draw attention to the need for further research aimed 
at understanding the relationship between soybean treatments and Zn supply. 

References 
Alloway, B. J. (2011). The origins of heavy metals in soils. In B. J. Alloway (Eds.), Heavy metals in soils (pp. 

29-39). New York, John Wiley & Sons.  

Bonnecarrère, R. A. G., Londero, F. A. A., Santos, O., Schmidt, D., Pilau, F. G., Manfron, P. A., & Dourado Neto, 
D. (2004). Resposta de genótipos de arroz irrigado à aplicação de zinco. Revista Faculdade Zootecnia 
Veterinária e Agronomia, 10, 214-222. 

Camargo, O. A., Moniz, A. C., Jorge, J. A., & Valadares, J. M. (1986). Métodos de análise química, mineralógica 
e física de solos do Instituto Agronômico de Campinas. IAC-Boletim Técnico, 6. Campinas: Instituto 
Agronômico de Campinas.  

Couzy, F., Mansourian, R., Labate, A., Guinchard, S., Montagne, D. H., & Dirren, H. (1998). Effect of dietary 
phytic acid on zinc absorption in the healthy elderly, as assessed by serum concentration curve tests. British 
Journal of Nutrition, 80, 177-82. https://doi.org/10.1017/S0007114598001081 

Dechen, A. R., & Nachtigall, G. R. (2006). Micronutrientes. In M. S. Fernandes (Ed.), Nutrição Mineral de 
Plantas (pp. 327-354). Viçosa, Sociedade Brasileira de Ciência do Solo.  

Fageria, N. K., Baligar, V. C., & Clark, R. B. (2002). Micronutrients in crop production. Advances in Agronomy, 
77, 185-268. https://doi.org/10.1016/S0065-2113(02)77015-6 

Faquin, V. (2005). Nutrição mineral de plantas (p. 179). Editora Lavras, Universidade Federal de Larvas/UFLA. 

Fehr, R. W., & Caviness, C. E. (1977). Stages of Soybean development (Special Report, No. 80). Retrieved from 
http://lib.dr.iastate.edu/cgi/viewcontent.cgi?article=1076&context=specialreports  

Galrão, E. Z. (1996). Métodos de aplicação de zinco e avaliação de sua disponibilidade para o milho num 
latossolo vermelho escuro. Argiloso, fase cerrado. Revista Brasileira de Ciência do Solo, 18, 283-289.  

Gomes, M. T., Da Silva, A. A. P., Matias, J. P., Maciel, C. D. D. G., & Karpinski, R. A. K. (2016). Germinação 
de sementes de milho com e sem aplicação de acetato de zinco em diferentes profundidades de semeadura. 
Revista Ciências Exatas e da Terra e Ciências Agrárias, 11, 33-41. 

Grubbs, F. (1969). Procedures for Detecting Outlying Observations in Samples. Technometrics, 11, 1-21. 
https://doi.org/10.1080/00401706.1969.10490657 

Gupta, R. K., Gangoliya, S. S., & Singh, N. K. (2015). Reduction of phytic acid and enhancement of 
bioavailable micronutrients in food grains. Journal Food Science Technology, 52, 676-684. https://doi.org/ 
10.1007/s13197-013-0978-y 

Hair, J. (2010). Multivariate data analysis. Pearson College Division. 

Hídvégi, M., & Lásztity, R. (2002). Phytic acid content of cereals, legumes, and interaction with proteins. 
Periodica Polytechnica Chemical Engineering, 46, 59-64. 



jas.ccsenet.org Journal of Agricultural Science Vol. 9, No. 12; 2017 

72 

Inocêncio, M. F., Resende, A V. V., Furtini Neto, A. E., Veloso, M. P., Ferraz, F. M., & Hickmann, C. (2012). 
Resposta da soja à adubação com zinco em solo com teores acima do nível crítico. Pesquisa Agropecuária 
Brasileira, 47, 1550-1554. https://doi.org/10.1590/S0100-204X2012001000020. 

Kaiser, K., Eusterhues, K., Rumpel, C., Guggenberger, G., & Knabner, K. I. (2002). Stabilization of organic 
matter by soil minerals investigations of density and particle-size fractions from two acid forest soils. 
Journal Plant Nutrition Soil Science, 165, 451-459. https://doi.org/10.1002/1522-2624(200208)165:4<451:: 
AID-JPLN451>3.0.CO;2-B 

Lehrfeld J. (1994). HPLC separation and quantitation of phytic acid and some inositol phosphates in foods: 
Problems and solutions. Journal of Agricultural and Food Chemistry, 42, 2726-2731. https://doi.org/ 
10.1021/jf00048a015 

Lopes, A. S., & Souza, E. C. A. (2001). Filosofias e eficiência de aplicação. In M. E. Ferreira, M. C. P. Cruz, B. 
V. Raij, & C. A. Abreu (Eds.), Micronutrientes e elementos tóxicos na agricultura (pp. 255-281). 
Jaboticabal, POTAFOS.  

Magalhães, P. C., Durães, F. O. M., Carneiro, N. P., & Paiva, E. (2002). Fisiologia do milho (Circular Técnica, 
22, p. 23). MAPA/Embrapa Milho e Sorgo, Sete Lagoas.  

Malavolta, E. (2006). Manual de nutrição mineral de plantas (p. 638). Editora Agronômica Ceres Ltda, São 
Paulo. 

Malavolta, E., Paulino, V. T., Lourenço, A. J., Malavolta, M. L., Alcarde, J. C., Corrêa, J. C., ... Cabral, C. P. 
(1987). Eficiência relativa de fontes de zinco par ao milho. Anais da Escola Superior de Agricultura “Luiz 
de Queiroz”, 44, 57-76. https://doi.org/10.1590/S0071-12761987000100004 

Malavolta, E., Vitti, G. C., & Oliveira, S. B. (1997). Avaliação do estado nutricional das plantas: Princípios e 
aplicações (p.319). POTAFOS. Piracicaba.  

Manly, B. J. F. (2008). Métodos Estatísticos Multivariado: Uma introdução (3th ed., p. 89). Bookman. 

Mapa-Ministério da Agricultura, Pecuária e Abastecimento (2014). Manual de métodos analíticos oficiais 
para fertilizantes minerais, orgânicos, organominerais e corretivos. Ministério da Agricultura, 
Pecuária e Abastecimento. Secretaria de Defesa Agropecuária. Coordenação-Geral de Apoio 
Laboratorial, 220 p. 

Marcos Filho, J. (2005). Fisiologia de Sementes de plantas cultivadas (p. 495). Fundação de Estudos Agrários 
Luiz de Queiroz (FEALQ), Piracicaba. 

Milléo, M. V. R., & Cristófoli, I. (2015). Resposta da cultura da soja (Glycine max L. Merril) à aplicação de 
acetato de zinco amoniacal via semente. Revista Scientia Agraria, 4(16), 1-16. https://doi.org/10.5380/ 
rsa.v16i4.47801 

Muraoka, T. (1981). Solubilidade do zinco e do manganês em diversos extratores e disponibilidade desses dois 
micronutrientes para o feijoeiro (Phaseolus vulgaris L.) cv. Carioca. Piracicaba (p. 141). Escola Superior 
de Agricultura Luiz de Queiróz, Universidade de São Paulo. 

Nonogaki, H., Bassel, G. W. E., & Bewley, J. D. (2010). Germination: Still a mystery. Plant Science, 179, 
574-581. https://doi.org/10.1016/j.plantsci.2010.02.010 

Pereira, J., Vieira. I. F., Moraes, E. A., & Rego, A. S. (1973). Níveis de sulfato de zinco em milho (Zea mays) em 
solos de campo cerrado. Pesquisa Agropecuária Brasileira, 8, 187-191.  

Prado, R. M., Natale, W., & Mouro, M. C. (2007). Fontes de zinco aplicado via semente na nutrição e 
crescimento inicial do milho cv. Fort. Bioscience Journal, 23, 16-24.  

Raij, B. V., Andrade, J. C., Cantarella, H., & Quaggio, J. A. (2001). Análise química para avaliação da 
fertilidade de solos tropicais (p. 285). Campinas: Instituto Agronômico de Campinas. 

Ribeiro, N. D. (1993). Germinação e vigor de sementes de milho tratadas com fontes de zinco e boro (p. 83) 
Dissertação (Mestrado em Agronomia), Curso de pós-graduação em agronomia, Universidade Federal de 
Santa Maria. 

Ribeiro, N. D., Dos Santos, O. S., & De Menezes, N. L. (1995). Efeito do tratamento com fontes de zinco e boro 
na germinação e vigor de sementes de milho. Sciente Agricola, 51, 481-485. https://doi.org/10.1590/ 
S0103-90161994000300017 



jas.ccsenet.org Journal of Agricultural Science Vol. 9, No. 12; 2017 

73 

Santos, O. S., Estefanel, V., & Camargo, R. P. (1986). Efeito da aplicação de molibdênio e de zinco em sementes 
de soja sobre o teor desses nutrientes. In Soja. Relatório de pesquisa do centro de ciências rurais (pp. 
39-44.). Universidade de Santa Maria, Santa Maria.  

Sneath, P. H., & Sokal, R. R. (1973). Numerical taxonomy: The principles and practice of numerical 
classification. Freeman, San Francisco, USA. 

Sousa, D. M. G., Lobato, E., & Miranda, L. N. (1993). Correção do solo e adubação da cultura da soja. In N. E. 
Arantes & P. I. M. Souza (Eds.), Cultura da soja nos cerrados (pp. 137-158). POTAFOS.  

Yagi, R., Simili, F. F., Araújo, J. C., Prado, R. M., Sanchez, S. V., Ribeiro, C. E. R., & Barretto, V. C. M. (2006). 
Aplicação de zinco via sementes e seu efeito na germinação, nutrição e desenvolvimento inicial do sorgo. 
Pesquisa Agropecuária Brasileira, 41, 655-660. https://doi.org/10.1590/S0100-204X2006000400016  

 

Copyrights 
Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 
license (http://creativecommons.org/licenses/by/4.0/). 


