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ABSTRACT: In evaluating seed quality, water content, hectoliter weight test and germination are 
important factors, as well as growth and development of seedlings and seed viability The objective was to 
evaluate the effect of seed barley coated with zinc, in its physiological and enzyme quality, during storage. 
We used two batches of seed, high and low quality. For seed treatment, we used commercial product, 
with a source of zinc in the form of ZnSO4, along with fungicide and polymer. It was tested for levels 0, 1, 
2, 3 and 4 mL ZnSO4 kg-1 seed. The physiological quality, during the storage period, was analyzed by the 
tests: moisture, hectoliter weight, germination, emergence, index emergence rate and tetrazolium test. 
Barley seed coating with zinc sulfate at doses 3-4 mL kg-1 seed, are effective in maximizing the 
physiological quality of seeds, up to six months of storage. Seed coating of barley with at doses 3-4 mL 
kg-1 seed, cause a smaller decrease in seeds viability on seeds during storage. 
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INTRODUCTION 
 

 The coating is among the most interesting treatments and potentially beneficial for enhancing the performance 
of the seeds (Delouche, 2004). This fact, which helps producers improve performance and seedling development, 
with the possibility of the use of micronutrients such as zinc, in the seeds. Micronutrients are chemical elements 
essential for plant growth, required in small quantities. Although the involvement of these micronutrients is small, the 
lack of any of them can result in significant reductions in production. The application and appropriate doses of zinc 
in the seeds provide a substantial increase in the level of this nutrient. The nourished plant with this micronutrient 
may present an increase in the initial development, in adverse conditions and poor soil of zinc. In addition, fertilization 
can be avoided via soil and foliar thus leading to a reduction in production costs. Seed coating, coupled with other 
management practices, has contributed to reduce costs, improve product quality, reduce environmental damage and 
offer good protection to the seeds in the field and during storage. 
     Seed storage is in a set of procedures aimed at the preservation of their quality in order to provide an environment 
in which changes physiological, biochemical and sanitary are maintained at an acceptable level. However, it is 
noteworthy that deterioration process is inevitable, even when placed in environments suitable for their preservation. 
Seed quality does not improve during storage, so their initial quality is of paramount importance to maintain 
germination and vigor. As longevity is a genetic characteristic inherent to the species, only the quality of the seeds 
and the conditions of the storage environment can be manipulated (Agrinova, 2000).Products such as wheat and 
barley, according Germani . (1998), generally need to be stored for periods of six to seven months. For seeds are 
preserved with minimal deterioration, there must be an adequate control on the storage system, an alternative would 
be seed coating, but this should be properly monitored by physiological, enzymatic and sanitary potential. 
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 Among the direct losses caused by diseases in wheat, include the reduction of stand, stained grains, fewer and 
/ or grain size and reduction in overall productive efficiency (Miura, 2002).Given the above, research is needed on 
methods to assist in maximizing the quality of barley seeds during storage. The increasing demands on seed quality 
by the consumer market have led to an intense monitoring in the seeds, as seed treatment with micronutrients 
(provision of a disability), storage as a quality method. Thereby, the objective of this study was to evaluate the effect 
of barley seed coating with zinc through physiological attributes during storage. 
 

MATERIALS AND METHODS 
 

 Barley (Hordeum vulgare L.) seeds used, crop 2010/11 were provided from seed bank institute, Iran. We used 
two seed lots of barley, one of high quality and one of low quality. Seeds were used, with a source of zinc as zinc 
sulfate (ZnSO4), in which each 100 mL provides 80 g of zinc. It was tested levels 0, 1, 2, 3 and 4 mL of ZnSO4 kg-1 
seed, also was added 4 mL of fungicide (carboxim + thiram), 0.6 mL of polymer Poly Seed (high quality lot) or Color 
Seed polymer (low quality lot) and sufficient water to complete spray volume of 15 mL per kg of seed. The use of 
different polymers was only to different lots by color. 
 Seed coating was performed manually, using 350g of seed per experimental unit, with mixture of products made 
in plastic bags and after addition of seeds. The seeds were stirred until complete product distribution and coverage 
of seeds. Then, coated seeds were placed to dry at room temperature for 24 hours and after they were stored either 
at room temperature for a period of 6 months. Tests were conducted for evaluation of physiological and health 
attributes of barley seeds coated with zinc, during the six months of storage at room temperature and without control 
of relative humidity. Evaluations were performed immediately after coating (initial analysis) and every three months 
of storage. The quality during storage was evaluated by water content, hectoliter weight, germination, seedling 
emergence, emergence speed index and tetrazolium test. Water content (WC): determined by oven method at 100 
°C ± 2 °C for 24 hours, in an oven with forced air circulation, using four replicates of five grams of seeds per treatment 
(Brasil, 2009). Hectoliter weight (HW): was evaluated by weighing of four samples in hectoliter weighing-machine, 
with a capacity of one quart of seed and the results expressed in kilograms per one hundred liters (kg 100L-1). 
Germination (G): performed with four replicates of 100 seeds per lot, it was seeded in paper towels like "germitest", 
moistened with distilled water at a ratio of 2.5 times the mass of dry paper. The rolls were placed inside plastic bags 
and maintained in germination chamber, set at 20 °C. The evaluation was performed eight days after seeding (Brasil, 
2009). Seedling emergence (SE): subjects were four replicates of 50 seeds for each treatment. It was sown in plastic 
trays filled with sand at a depth of 2.0 cm and maintained at 20 °C in a controlled environment. Irrigations were 
performed whenever necessary, and evaluation occurred 15 days after sowing, when seedling emergence has 
become constant, was by computed the percentage of seedlings (Nakagawa, 1999). 
 Emergence speed index (ESI): conducted jointly with seedling emergence test, through daily counts of the 
number of seedlings (seedling length of 1.0 cm above ground) until the fifteenth day (until stabilization of seedlings 
number). For each replicate, we calculated ESI, adding to the number of seedlings every day divided by number of 
days elapsed from sowing, as Maguire (1962), by formula: 
ESI = (E1 ÷ N1) + (E2 ÷ N2) + ... + (En ÷ Nn) 
 Where: ESI = emergency speed index; E1, E2, En = number of seedlings, computed in the first, second, and at 
last count; N1, N2, Nn = number of days from sowing to first, second and last count. Tetrazolium Test (TZ): seeds 
were soaked in distilled water for 18 hours at 20 °C before being subjected to longitudinal section. After sectioning, 
seeds were placed in the dark, in 25mL beakers, containing solution of 2,3,5 trifrenil tetrazolium chloride to 1%, for 
3 hours (Brasil, 2009). After coloring, the solution was drained and seeds rinsed with tap water. Evaluation was based 
on the criteria proposed by ISTA (2008), to determine the percentage of viable seeds. Experimental design was 
completely randomized with four replications. Averages were subjected to analysis of variance and compared by 
Tukey test at 5% of probability and polynomial regression. Statistical analysis was performed using Sisvar (Ferreira, 
2000) 

RESULTS AND DISCUSSION 
 

 Data analysis showed an association between polymer seed treatments, where seed coating showed good 
appearance, color, distribution and adhesion of product to surface thereof that. In evaluating seed quality, water 
content, hectoliter weight test and germination are important factors, as well as growth and development of seedlings 
and seed viability (AOSA, 1983; Brasil, 2009). Table 1, contains water content data of the seeds obtained in initial 
analysis and storage for three and six months in uncontrolled environment. It is observed that water content of seeds 
was not influenced by application of ZnSO4 during periods of storage. In high quality lot, seeds had water content at 
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the beginning of storage, from 12.9 to 13.1%. Treatments of low quality lot showed water content at the beginning of 
storage, from 13 to 13.3%. After three and six months of storage, water content of different treatments of both lots, 
remained similar, revealing uniformity due to hygroscopic equilibrium with uncontrolled environment. Moisture 
increase occurs in environment due to seed hygroscopicity, which provides a dynamic process of moisture exchange 
with surrounding air until it reaches the point of equilibrium moisture content. The presence of polymer in seed coating 
can be considered as a protection to prevent any sudden changes in water absorption by seeds, in periods of high 
relative humidity and low temperature. 
 

Table 1. Water content of barley seeds, high and low quality lot after coating with different doses of zinc 

ZnSO4 doses (mL) Lot 
 
  

Water content (%)  
Month (s)  

 
 

0 3 6 

0 

High quality 

12.9 12.5 12.6 
1 13.1 12.8 12.9 
2 13.1 12.8 12.7 
3 13.1 12.7 12.7 
4 13.1 12.7 13.2 
    
0 

Low quality 

13.0 12.9 12.7 
1 13.1 13.3 13.2 
2 13.0 13.1 13.1 
3 13.1 13.1 13.2 
4 13.3 13.1 12.6 

 
 Based on hectoliter weight test (HW) data, it is clear that seeds of both lots coated with different doses of ZnSO4 
storage for six months, no showed significant differences between treatments (Table 2). Hectoliter weight test is a 
varietal characteristic which, among a number of external factors can be influenced by seeds water content and 
chemical treatment to which they are submitted. From results observed, it is possible to infer also that some products 
can not influence this characteristic according to material nature used in coating. Hectoliter weight test is an index 
relating to yield as well, is higher than higher value obtained. The fact that treatment has a higher HW value does 
not represent that is the best quality. Accordingly Guarienti (1996) this relationship will only be significant when 
comparing treatments with different HW values, because many factors are the cause of errors in determining this 
index, for example, gaps between seeds, water content and type and amount of impurities present in the sample. It 
is noteworthy that, on average, high quality lot showed HW with more 5.5g than low quality lot, i.e. 7% superior. 
 

Table 2. Hectoliter weight (HW) test of barley seed, high and low quality lot after coating with different doses of zinc 
 
Doses of ZnSO4 
(mL) 

 
Lot 

 
 

HW (kg/100L)  
Month(s) 

 
 

0 3 6 

0  
 
High quality 

79.97 79.30 79.81 
1 79.34 79.25 79.65 
2 79.22 79.13 79.22 
3 79.09 79.18 79.12 
4 79.19 79.09 79.21 
F Test 0.96ns 0.83ns 1.31ns 
0  

 
Low quality 

72.19 73.20 71.36 
1 71.92 72.21 71.21 
2 72.07 73.02 71.39 
3 72.10 74.01 71.20 
4 73.11 72.11 71.22 
F Test 1.19ns 1.1ns 0.81ns 

* significant to 5% of probability, and ns no significant by F test, respectively. 

 
     Figure 1 shows data of germination in initial period and after three and six months of storage. High quality lot no 
showed significant difference of germination potential between doses of zinc sulfate tested during the entire period 
of storage (Figure 1a).These results are in agreement with those found for Ohse . (2000), to conclude that coating 
rice seeds with zinc no promoted difference on germination. Likewise, Vieira and Moreira (2005) found no difference 
in germination of rice seeds coated with zinc. Also Fungueto (2006) analyzing coating in rice seed with zinc source, 
fungicide and polymer found no difference in germination. However, in sorghum seeds treated with zinc, Yagi . (2006) 
reported a reduction in germination percentage. The same was observed by Pereira . (2005) in film coating on corn 
seeds, registering a reduction of 2 percentage points in germination potential. In soybean, Trentini . (2005), found no 
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significant differences on seeds germination coated with AGL 205 film and fungicide. Seeds germination of low quality 
seed lot (Figure 1b) showed no difference in initial data evaluation. However, in three and six months of storage, 
seed germination increased as ZnSO4 doses were increasing. The seeds expressed their maximum potential in dose 
4 mL of ZnSO4 in three and six months of storage. 
 

 
 

Figure 1. Seed barley germination, high quality and low quality lot, after coating with different doses of zinc.  A) initial 
data of germination; B) three months of storage; C) six months of storage 

 
 In Figures 2 and 3 are presented data from seedling emergence to 10 days after sowing and emergence speed 
index. For emergency (Figure 2a), there is the initial data and three months of storage that high quality lot performed 
better when seeds were coated with a dose of 3 mL of ZnSO4. Low quality lot gradually increased seedling 
emergence, over storage period, being dose of 4 mL of ZnSO4, showed the most significant results. According 
Albuquerque . (2010), zinc applied to seeds may be fully absorbed by seedling, especially in sand which has no loss 
of nutrient. Concerning to emergence speed index (Figure 3a), only in initial data seeds from high quality lot did not 
differ between doses tested doses, however, for low quality lot, there was variation during the storage process(Figure 
3b). 
     

 
 

Figure 2. Seedling emergence of barley, high and low quality lot, after coating with different doses of zinc. A) initial 
data of germination; B) three months of storage; C) six months of storage 

 
 In general, we can infer that the application of zinc in seeds influenced seedling emergence speed index and 
seedling emergence of barley. Moreover, the difference found when comparing zero dose and other doses explained 
by early seed roots, enriched with zinc, are in direct contact with the nutrient (Prado ., 2007), improving germination 
and vigor (Ribeiro and Santos, 1996). Increase in seedlings initial performance after treatment with ZnSO4, was also 
verified by Prado . (2007). In both seedling emergence and emergence speed index variables, the dose of 3 mL of 
ZnSO4 kg-1 seed was more responsive to zinc, to seeds for low quality lot. Zinc, despite being an essential 
micronutrient, can affect growth and normal metabolism of plant species, present in excess levels in the environment, 
causing a phytotoxic effect (Albuquerque, 2010). The same was observed for seeds from low quality lot, which 
showed more significant results at a dose of 4 mL ZnSO4 kg-1 seed. Thus, these levels of zinc were not enough to 
cause injury to seedling growth or cause symptoms of toxicity. According to Ribeiro, (1996), the enhanced content 
in seeds of ZnSO4 about 18 times, was not toxic to corn seeds, allowing a greater supply of zinc to the beginning of 
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seedling growth. It is believed that in the case of using seeds of low quality, the positive effect of zinc can be shown, 
as noted by Dalmolin (1992). However, small increases in germination and vigor, using the best quality seeds, can 
be reflected in a high ESI in more vigorous plants, large population and greater homogeneity of plants in field, and 
can, thereby, increase productivity and quality of grains and seeds. 
 

  

Figure 3. Emergence Speed Index of barley, high and low quality lot, after coating with different doses of zinc. A) 
Initial data of germination; B) three months of storage; C) six months of storage. 

 
 In the tetrazolium salt test (Table 3), two lots of barley seeds analyzed showed no significant difference between 
tested doses of ZnSO4, during storage at room conditions with uncontrolled temperature and relative humidity. 
 

Table 3. Tetrazolium test in barley seeds, high and low quality lot, after coating with different doses of zinc 
 
ZnSO4 doses 
(mL) 

 
Lot 

 
Tetrazolium  
(initial) 

Tetrazolium  
3 months of storage 

Tetrazolium  
6 months of storage 

  % viability 

0  
 
High quality 

92 92 92 
1 94 93 95 
2 94 93 96 
3 92 92 94 
4 95 93 97 
F test 0.64ns 0.8ns 1.9ns 
0  

 
Low quality 

79 80 83 
1 80 84 84 
2 86 86 86 
3 87 87 87 
4 83 84 88 
F test 1.65ns 1.42ns 1.1ns 

* and ns significant to o 5% of probability, and no significant by F test, respectively. 

 
     Barley seed coating with zinc sulfate at doses 3-4 mL kg-1 seed, are effective in maximizing the physiological 
quality of seeds, up to six months of storage. Seed coating of barley with at doses 3-4 mL kg-1 seed, cause a smaller 
decrease in seeds viability on seeds during storage. 
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