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ABSTRACT 

The objective of this study was to evaluate the effect of zinc coated seeds on the 

enzymatic and sanitary aspects during storage. One concluded that wheat seed coating with zinc 

at doses of 3 mL to 4 mL of ZnSO4 support maximum expression of physiological quality, in 

addition to wheat seed coating with zinc sulfate is effective during the period of six months of 

storage. There are variations in expression pattern of EST and GOT enzymes between wheat 

seeds and seedlings, at different doses of zinc sulfate during storage. Zinc supplied via seeds, 

associated with fungicide and polymer, results in a lower incidence of fungi in seeds throughout 

storage period. 
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QUALIDADE FISIOLÓGICA, ENZIMÁTICA E SANITÁRIA DE SEMENTES DE 
TRIGO TRATADAS COM SULFATO DE ZINCO DURANTE O ARMAZENAMENTO 

 

RESUMO 
 

O objetivo do trabalho foi avaliar o efeito do recobrimento de sementes de trigo com 

zinco na análise enzimática e sanitária durante o armazenamento. As doses de 3 e 4 mL de ZnSO4 

auxiliam na maximização da expressão da qualidade fisiológica das sementes de alto e baixo 

vigor, respectivamente. Há variações no padrão de expressão das enzimas EST e GOT entre 

sementes e plântulas, nas diferentes doses de sulfato de zinco, durante o armazenamento. Zinco 

associado com fungicida e polímero apresentaram menor incidência de fungos ao longo do 

período de armazenamento. 
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INTRODUCTION 
 

Enzymes related to the physiological 

quality of seeds are the most researched of 

those acting in the respiratory process, such 

as malate dehydrogenase, those involved in 

the metabolism of the nitrogen-carbon bond, 

such as glutamate dehydrogenase, and those 

with specific functions in lipids metabolism 

and the related disruption of the membrane 

system, such as esterase (CARVALHO & 

NAKAGAWA, 2000). Malate 

dehydrogenase is an enzyme activated 

primarily during the cellular respiration 

process, regenerating one molecule of 

oxaloacetate from the oxidation of one 

molecule of malate, keeping the oxidative 

flow during the citric acid cycle (Krebs 

cycle), characteristic of stages in respiration 

process. During seed germination, this 

enzyme is also active in the gluconeogenesis 

process, responsible for sucrose generation 

from triacylglycerol present inside 

oleosomes, in seed reserve tissues. 

The largest contribution of zinc in the 

metabolic processes of plants is a component 

of several enzymes: dehydrogenases, 

proteinases, peptidases, and fosfohidrolases. 

Lindasay (1972) reported that a basic 

function of zinc is related to carbohydrates, 

proteins, and phosphates metabolism and 

also in auxin RNA and ribosome formation. 

There is evidence that zinc influences 

membrane permeability in the stabilization 

of cellular components. In addition, support 

in substance synthesis that acts on growing 

and enzyme systems, becomes essential for 

activation of certain metabolic reactions. 

Another important factor that must be 

analyzed during the storage period is the 

sanitary quality of wheat seeds, even the 

seeds that have been covered with the use of 

pesticides. Occurrence of diseases is a major 

limiting factor to production. The wheat 

plant, at any stage of development, is subject 

to diseases that reduce both seed quality and 

the final quality product. Direct losses 

caused by diseases in wheat, include 

reduction in plant stand, stained grains, 

number and/or grain size, and reduction in 

overall production efficiency of these plants 

(MIURA, 2002). According to Lima et 

al.(2006), microorganisms’ incidence in 

seeds is responsible for pre-emergence 

death, seedlings in field, vigor and 

germination loss in storage, with consequent 

reduction in field final stand. Many 

pathogens may be associated with wheat 

seeds, most of which are of fungal origin 

(REIS & CASA, 1998). Among the most 

important fungi, the genera Fusarium, 

Alternaria, Bipolaris, Drechslera, Septoria, 

Ustilago and Tilletia (REIS & CASA, 1998) 
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invade seeds still in the field, and require, 

relative humidity around 90 to 95% for 

growth, which, according to Dhingra (1985), 

represents a water content of 25% in starchy 

seeds, such as wheat. If there is a reduction 

in water content, it can paralyzethe 

development of these fungi, and there are no 

new invasions (MILLS & WALLACE, 

1992). 

Therefore, it is necessary to research 

methods to support maximizing wheat seeds 

quality. Increasing quality demands of the 

market have led to an option for monitoring 

seeds, relating seed treatment with 

micronutrients (provision of a deficiency), 

storage as a method of quality, and fast and 

effective control through evaluations with 

isoenzymes and sanitary quality. This 

research aimed to evaluate the effect of zinc 

coating on wheat seeds, through enzymatic 

and health aspects during storage. 
 

MATERIAL AND METHODS 
 

We used two seed lots of wheat; one 

with high quality and the other with low 

quality. Commercial product Quimifol Seed 

78® was used with a source of zinc, zinc 

sulfate (ZnSO4), in which each 100 mL of 

this solution provides 78 g of zinc. One was 

tested with five levels (0, 1, 2, 3, and 4 mL 

ZnSO4.kg-1seed), and 3 mL of fungicide 

(thiram + carboxim), 0.8 mL of polymer 

Poly Seed CF® (high quality lot) or Collor 

Seed® polymer (low quality lot) and enough 

water to complete spray a volume of 15 

mL.kg-1 seed was also added. The use of 

different polymers was only to distinguish 

lots by color. 

Seed coating was carried out 

manually using 0.3 kg of seeds per 

experimental unit, with a product mixture 

made in plastic bags and after seeds were 

added. Seeds were mixed until reaching the 

complete distribution of products and seed 

coverage. Then, coated seeds were placed to 

dry at room temperature for 24 hours and 

after that they were stored in uncontrolled 

conditions for a period of six months.  

Tests were conducted for evaluation 

of physiological, enzymatic, and sanitary 

quality of wheat seeds coated with zinc, 

during the six months storage at ambient 

temperature and uncontrolled relative 

humidity. Evaluations were performed 

immediately after coating (initial analysis) 

and every three months of storage. 

Quality during storage was evaluated 

by germination and first count of 

germination. Germination (G) was 

performed with four replicates of 100 seeds 

per plot. The seeds were placed on a wet 

germitest paper roll, adding 2.5 times the 
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weight of the dry paper roll of distilled 

water. Rolled paper was placed inside plastic 

bags and kept in a germination chamber, set 

at 20°C and the seedling count was 

evaluated eight days after sowing (BRASIL, 

2009). First count of germination (FCG) was 

conducted together with a germination test, 

computing the mean percentages of normal 

seedlings after four days of test setup. 

Results were expressed as a percentage of 

normal seedlings.  

For isoenzyme differentiation, 

isoenzymes were analyzed: esterase (EST - 

EC 3.1.1.1) and glutamate oxaloacetate 

transaminase (GOT - EC 2.6.1.1), for all 

treatments. The seeds were placed on wet 

germitest paper roll and after four days the 

seedlings were collected for extraction. Also, 

it was performed with dry seeds, removed 

from storage and taken for extraction. For 

this, we analyzed ten seeds and seedlings, 

randomly collected, and macerated in a 

porcelain mortar, for each treatment and 

repetition. From each sample, 200 mg of 

plant extract were placed in eppendorf tubes, 

plus extraction solution (gel buffer + 0.15% 

2-mercaptoethanol) in proportion 1:2 (w/v). 

Electrophoresis was performed in 7% 

polyacrylamide gels, placing 20μL of each 

sample in holes made with acrylic stick. 

Three applications (repetitions) for each 

sample were performed. Enzyme patterns 

were analyzed by buffers system described 

by Scandalios (1969). Gels were placed in 

vertical electrophoretic tanks, kept in cold 

storage at a temperature between 4 and 6 °C. 

Electrophoretic migrations were performed 

with a potential difference of 10 V.cm-1, 

until front line, formed by bromophenol 

blue, still reached 9 cm from application 

point. Gels were revealed as Scandalios 

(1969) and Alfenas (1998). Electrophoresis 

gels were fixed in 5-5-1 solution, distilled 

water: methanol: acetic acid. 

Evaluation of wheat seed sanitary 

quality was performed by seed sanitary 

testing, "Blotter test". We used 200 seeds of 

each treatment, divided into four subsamples 

of 50, placed in plastic boxes like "gerbox", 

previously sterilized with alcohol and 

hypochlorite (1%) for one minute, under two 

pieces of filter paper moistened with sterile 

distilled water. Seeds were incubated at 25 

°C, 12 h, and light for 24 h. Then, for 

germination inhibition, seeds were subjected 

to the freezing method for 24 h. After this 

procedure, seeds were incubated at 25 °C for 

seven days with 12 h light according to 

methodology proposed by Brasil (2009). 

Analyses were performed with a support 

microscope for observation of morphological 

structures of fungi, which were identified at 
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the genus level, with the help of the 

specialized bibliography of Barnett & 

Hunter (1998), by determining seeds 

percentage contaminated by fungi. 

Experimental design was completely 

randomized with four replications. Averages 

were subjected to ANOVA and regression. 

Statistical analysis was performed using 

statistical package Sisvar (FERREIRA, 

2000). Results interpretation of isoenzymes 

was based on visual analysis of 

electrophoresis gels, taking into account 

presence/absence, and intensity of each 

electrophoretic band in each isoenzyme 

system evaluated. 
 

RESULTS AND DISCUSSION 
 

Data from the initial germination 

periods of three and six months after storage 

were recorded (Figures 1A and 1B). The 

high quality lot showed no significant 

difference between germination potential 

doses of zinc sulfate tested throughout the 

storage period (Figure 1A). These results 

agree with those found by Ohse et al. (2000) 

to conclude that coating rice seeds with zinc 

did not provide differences in germination. 

Likewise, Fungueto (2010) analyzed rice 

seed coatings with zinc source, fungicide, 

and polymer and found no difference in 

germination. However, in sorghum seeds 

treated with zinc, Yagi et al. (2006) reported 

a reduction in percentage of germination. 

Trentini et al. (2005) found no significant 

differences in germination of soybean seeds 

coated with AGL 205 film and fungicide. 

Seed germination of the low quality 

lot (Figure 1B) showed no difference in 

initial data evaluation. However, in periods 

of three and six months of storage, 

germination potential of seeds grew with the 

increasing ZnSO4 doses in seeds. Seeds have 

expressed their full potential in a dose of 4 

mL of ZnSO4 in three and six months of 

storage. Data on the first count of 

germination test for seeds with high and low 

quality lots were registered (Figure 1C and 

1D). Initial data evaluation, for both lots, 

showed no difference in germination 

percentage. However, it showed variation, 

within three months of storage.  

After three months of storage, the 

high quality seed lot showed significant 

results at a dose of 3 mL of ZnSO4, when 

compared to other doses tested and 

controlled. However, for the lower quality 

seed lot, with increasing dose in the zinc 

coating the seeds improved early 

development of seedlings in the germination 

test (i.e., 4 mL of ZnSO4 dose was 

considered the best in both periods storage 

analyzed). In seeds, the majority of zinc is 
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found in protein bodies, mainly in phytic 

acid form, are quickly hydrolyzed in the 

germination process, and, thus available to 

seedlings (REZENDE et al., 2009). 

Studies of enzymatic processes are 

one way of assessing seed quality. Isozyme 

markers have been used in viability studies, 

because they are efficient for knowledge of 

important events of life time, deteriorative 

changes and seeds death. From analysis of 

four enzyme systems used, it was possible to 

check that there was significant variation in 

isoenzyme expression intensity, according to 

zinc sulfate doses applied to seeds during 

storage (Figure 2). Patterns of four 

isoenzyme systems analyzed showed 

variations in expression, because of this, 

each system was discussed and analyzed 

individually. Esterase is an enzyme 

responsible for metabolism of membrane 

lipids during seed germination, so for these 

results, it is observed that there was positive 

effect of applied product. By observing 

enzyme esterase pattern (EST) in seeds 

during storage, it was noted that there is 

novariation of its expression in tested doses 

of zinc sulfate in seeds, in both lots (Figure 2 

Aa, Ba, Ca, Ab, Bb and Cb). However, for 

seedlings, this enzyme showed more intense 

bands at a dose of 4 mL of ZnSO4 treatment 

of wheat seeds, in three and six months 

storage for high quality lot (Figures 2Ba and 

Ca). 

These results agree with those reported by 

Diniz et al. (2009), who observed increased 

intensity of bands in lettuce seeds coated 

with zinc during storage and Tunes et al. 

(2009) who reviewed progress in expression 

of this enzyme bands in barley seeds during 

storage for six months. 

For low quality seed lot, bands 

intensity derived from seedlings was 

decreasing with increasing concentration of 

zinc micronutrient (Figures 2Bb and Cb), 

contradicting the study in seedling. In 

tomato seeds, increased activity can lead to 

reductions in quality, because, according to 

Santos et al., (2004) esterase is an enzyme 

involved in esters hydrolysis, being directly 

linked to lipid metabolism and membrane 

degenerative process. According to Vieira et 

al. (2006) esterases have specific functions 

in lipid metabolism and can be used as 

markers of seeds deterioration process. Thus, 

it is important to use molecular markers for 

assessing seeds quality. Zinc facilitates the 

synthesis of substances that act on growth 

and enzyme systems, which is essential for 

activation of certain metabolic reactions. 
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Figure 1. Germination (A and B) and first count of germination (C and D) of wheat seed, high 
and low quality lot, after coating with different doses of ZnSO4. A) Initial data of 
germination; B) Three-month storage, C) Six-month storage. Pelotas, RS, 2014. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Electrophoretic pattern obtained with esterase isoenzyme system (EST) on high and 

low quality lots, after coating with different doses of ZnSO4. A) initial data for 
germination, B) three months of storage, C) six months of storage. a) high quality lot, 
b) low quality lot. Pelotas, RS, 2014. 
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 Enzyme GOT has a fundamental 

participation in protein metabolism, not only 

during germination but throughout lifecycle 

plant. Analyzing gels of glutamate 

oxaloacetate transaminase system (GOT), it 

was observed variation of bands intensity in 

initial data of evaluation of high quality seed 

lot (Figure 3Aa). For seeds of the low 

quality lot, it occurred intensity in first band 

(dose zero) throughout storage period, 

compared different doses of zinc sulfate 

applied to wheat seeds (Figures 3Ab, Bb and 

Cb). For seedling of high quality lot, there 

was a greater expression of GOT with 

increasing zinc concentration and during 

storage (Figures 3Aa, Ba and Ca). Also, 

seedlings of low quality lot showed a greater 

intensity of bands in the higher dose of 

ZnSO4 on initial data evaluation and after six 

months of storage (Figures 3Bb and Cb). In 

three months of storage there was no visual 

variation of enzyme expression (Figure 

3Bb). 

This enzyme is responsible for amino 

acids oxidation, providing energy to Krebs 

cycle or α-ketoglutarate reduction for new 

amino acids synthesis, as a source of energy 

to developing embryo. Tunes et al. (2010) 

found an increase of enzyme GOT bands to 

seeds deterioration. According to Tunes et 

al. (2010), these changes in bands expression 

are due to increase in metabolic activity with 

deteriorating process. According to Brandão 

Junior et al. (1999), this enzyme participates 

in degradation process and amino acids 

synthesis play an important role in seed 

germination, which confirms the results 

obtained in this work. Because this enzyme 

is directly involved in nitrogen metabolism, 

it is possible that variations occur as amino 

acids synthesis and degradation, during 

germination process and storage. 

Factors limiting cultivation of wheat 

in Brazil, without doubt, include diseases. A 

seed of high physiological and sanitary 

quality is extremely important for 

establishment and development culture in 

the field. Thus, the seed testing, focused on 

sanitary seed quality of a sample represents a 

tool of great importance in seed certification, 

improving diagnosis and routine laboratory 

analysis.  Data on sanitary seeds during the 

storage period for the high quality lot were 

registered (Figure 4Aa, 4Ba e 4Ca). Fungi 

found in wheat seeds during six months of 

storage were Fusarium sp., Alternaria sp., 

and Penicillium sp. In the initial data, seeds 

subjected to zero doses showed 45% of 

Fusarium sp.  

At three months of storage, untreated 

seeds showed a reduced incidence of 

Fusarium sp. of 66.7%, an incidence rate of 
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12% by Penicillium sp., and 15% by 

Alternaria sp. However, Alternaria sp. 

remained present at all doses, but with 

reduced incidence of 46.5% for doses of 1, 

2, and 4 mL ZnSO4, and 66.7% for the dose 

of 3 mL of ZnSO4. Within six months of 

storage, no difference was detected between 

different doses of ZnSO4, both for field and 

storage fungi (Figures 4Aa, 4Ba e 4Ca). All 

treatments were effective in controlling 

Penicillium sp., Fusarium sp. and Alternaria 

sp., with possible elimination of these fungi 

in seeds at storage ending, thus showing 

efficiency of treatment with zinc and 

confirming that seed coating did not affect 

efficiency of fungicide treatment. Probably, 

addition of polymer has promoted a toxic 

effect or formation of a mechanical barrier, 

which may have hindered fungi development 

and facilitated direct contact of product 

(fungicide + zinc) with seeds. When testing 

polymers application in chemical treatment 

of soybean seeds, Reis et al. (2005) found 

that their addition allows a better distribution 

and adhesion of chemicals on seed, which 

made treatment more efficient and allowed 

reduction of pathogens from seeds.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Electrophoretic pattern obtained with glutamate oxaloacetate dehydrogenase (GOT) on 

high and low quality lots, after coating with different doses of ZnSO4. A) initial data 
for germination, B) three months of storage, C) six months of storage. a) high quality 
lot, b) low quality lot. Pelotas, RS, 2014. 
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However, according to Henning et al. 

(2003), polymers should only be used in 

conjunction with fungicides, since they do 

not protect seeds in soil, resulting in low 

seedling emergence. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.  Sanitary seed testing in wheat seeds, high quality lot (Aa, Ba and Ca) and low quality 

lot (Db, Eb, Fb and Gb), after coating with different doses of ZnSO4. A) initial data 
for germination, B) three months of storage, C) six months of storage. a) lot of high 
quality, b) lot of low quality. Pelotas, RS, 2014. 

Aa Ba 

Ca Db 

Eb Fb 
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Fungi found in low quality lot wheat 

seeds during six months of storage were 

Fusarium sp., Alternaria sp., Penicillium sp. 

and Aspergillus sp. In initial evaluation of 

low seed quality (Figures 4Db, 4Eb, 4Fb and 

4Gb), it is necessary to show that 

contaminated seed number by Penicillium 

sp. (29%) was higher than incidence of 

another fungi [Aspergillus sp. (18%) and 

Fusarium sp. (12%)], which seems to have 

caused more negative effect on seeds 

metabolism.  

Within three months of storage, three 

fungi found in initial analysis, remained in 

untreated seeds, but with lower incidence: 

Penicillium sp. (10%) and Aspergillus sp. 

(12%). This lot was also found within three 

months of storage, Alternaria sp., which had 

not been previously detected, with an 

incidence of 6% in untreated seeds. 

Alternaria sp. was also found with an 

incidence of 6% at doses of 1 and 2 mL, 4% 

at a dose of 3 mL and 2% at a dose of 4 mL. 

In six months of storage, it was not found 

incidence of fungi between different doses of 

zinc sulphate applied to wheat seeds. 

The results of this study suggest that, 

depending on enzyme system used, there is 

differentiation of proteins. As a result, joint 

analysis of several isozyme systems is 

recommended to check changes that occur 

inside seeds, subject to some type of 

treatment that influence quality. However, 

expanded use of biochemical markers to 

evaluate seeds physiological potential, still 

requires further study until it is established 

as a tool in quality control of seeds 

programs. 

Mineral nutrition, as environmental 

factors, can be manipulated with relative 

ease to disease control. However, it is 

necessary a detailed knowledge of how 

mineral nutrients increase or decrease plants 

resistance (MARSCHNER, 1995). Low zinc 

levels in seed can result in tissues unable to 

grow normally, leaves may become necrotic, 

flowering and grain filling can be reduced. 

This deficiency can also be detected at 

cellular level, through malformation of 

organelles such as chloroplasts and 

mitochondria and cause further problems in 

cell division and twisted roots with tips 

expanded (MALAVOLTA, 2006) and thus 

become susceptible to pathogens. Pathogens 

reduction in seeds due to the effect of zinc, is 

a result of the influence of specific forms of 

this nutrient in different metabolic pathways, 

thereby altering plant constituents. 
 

CONCLUSIONS 

There are variations in expression 

pattern of the enzymes esterase and 

glutamate oxaloacetate transaminase 
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between wheat seeds and seedlings, in 

different doses of zinc sulfate during storage. 

Zinc supplied via seeds, associated 

with fungicide and polymer, results in a 

lower incidence of fungi in seeds throughout 

storage period. 
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