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 Background: Nitrogen is one of the main limiting factors in the production of maize 
seeds with high physiological quality, being dependent of nutrient application time. 

This study aimed to evaluate the physiological quality of maize seeds produced under 

the influence of nitrogen rates at sowing. Methods: The treatments consisted of four 
nitrogen rates (25, 50, 75 and 100% of the nitrogen recommendation for the crop) in a 

single dose at sowing and a treatment control without nitrogen application. Number of 

rows per ear and seeds per row, thousand grain weight, and physiological quality were 
evaluated. Results:The germination and early seedling growth showed no significant 

difference. The number of rows increased linearly with increased nitrogen rates. Seeds 

per row and the thousand grain weight reached the maximum at 75% of the nitrogen 
rate.Conclusions: Thus, the nitrogen application at sowing favors the maize plant 

performance and seed vigor. 

 

INTRODUCTION 
 

Maize is the second most cultivated cereal in the world with an area of approximately 177 million hectares 

(USDA, 2016). It is an important component of the diet in many cultures, especially in African countries and 

Mexico, which contributes approximately with 45% of the daily calorie consumption (Awika, 2011). 

The world food production doubled in the last four decades. Among other factors, it has been associated to 

the increase in about seven times in the use of nitrogen fertilizers (Hirel et al., 2007). According to Vetsch and 

Randall (2004), there are substantial differences in crop yield due to early total applications compared to total 

applications at the time of sowing in only one of the three years of study. However, the application of a single 

dose of nitrogen in five leaves stage increased nitrogen content in the leaves and reduced its content in the soil 

in comparison to the application of a single dose at sowing time, which indicate a better nitrogen utilization in 

subsequent applications after the sowing procedure (Ahmad et al., 2009). 

Early application of nitrogen fertilizer is suitable in years when spring is not hot and rainy. However, the 

application of the whole recommended rate in advance should be considered with caution as it may result in 

reduced nitrogen availability when the crop has a high internal demand (Vetsch and Randall, 2004; Sangoi et 

al., 2007). 

Nitrogen represents one of the most costly supply nutrient and commercial fertilizers are a major cost for 

plant production. In addition, there is concern about the loss of this nutrient in the field, which causes water and 
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soil pollution (Masclaux-Daubresse et al., 2010). In this way, nitrogen application in the field should be 

optimized in order to provide the best possible utilization. Thus, this study aimed to evaluate the physiological 

quality of maize seeds produced under the influence of nitrogen rates at sowing. 

 

MATERIAL AND METHODS 
 

The seeds were produced in the municipality of Ametista do Sul – RS, southern Brazil located at latitude of 

27°20'20.98"S and longitude of 53°11'5.32"W, and altitude of 322 m. According to Köppen climate 

classification, the climate of the region is characterized by the type Cfa, being temperate with well distributed 

rainfalls and hot summer. Quality assessments were carried out at the experimental area of the Department of 

Plant Science in the Campus Capão do Leão of the Federal University of Pelotas. 

The soil of the experimental area was an Entisol with basaltic origin with previous pH correction adjusted 

according to soil analysis and based on the Fertilization Manual (CQFS RS/SC, 2004). Moreover, soil chemical 

analysis showed pH of 6.3, CEC at pH7 of 21.1 cmolc dm-3, base saturation of 83%, organic material of 2.4%, 

texture at 3, clay at 31 %, phosphorus of 50.3 mg dm-3, potassium of 190 mg dm-3, calcium of 13.6 cmolc dm-3, 

magnesium of 3.5 cmolc dm-3, and sodium of 13 mg dm-3. 

Single-cross hybrid maize seeds were used and plant irrigation was performed by spraying according to the 

crop demand. Treatments were established during sowing with nitrogenous fertilizer in the form of urea. The 

application of nitrogen rates consisted of no application (0 kg of N ha-1), 25 (20 kg of N ha-1); 50 (40 kg of N ha-

1); 75 (60 kg of N ha-1), and 100% (80 kg of N ha-1) of nitrogen recommendation for the crop per hectare. 

Data of temperature, relative humidity, rainfall, and solar radiation were obtained from the bulletin of the 

Agrometeorological Station of the Federal University of Santa Maria, campus of FredericoWestphalen, located 

in the region of Ametista do Sul (Table 1). 

The seeds were harvested with 35% water content and subjected to post-harvest processes as recommended 

by Peske et al. (2012). The following traits were evaluated in order to assess seed quality: number of rows per 

ear and seeds per row, obtained by direct counting and expressed in number of rows or seeds per ear; thousand 

grain weight (TGW) determined by weighing eight replications of 100 seeds and expressed in grams (Brazil, 

2009). 

Germination test was performed on four samples with four replicates of 50 seeds placed to germinate in 

rolls made of three germitest paper sheets, moisturized with distilled water in the amount of 2.5 times the dry 

weight of the dry paper. Following the linear disposition of seeds on the paper sheets, they were rolled and 

transferred to a B.O.D. germination chamber at 25°C and photoperiod of 12 hours. The assessments were 

performed seven days after sowing (DAS) and the results expressed as a percentage of normal seedlings, 

according to the Rules of Seed Analysis (Brazil, 2009). 

First germination count (FGC) was performed together with the germination test at four DAS, according to 

the Rules of Seed Analysis (Brazil, 2009). The results were expressed as a percentage of normal seedlings. 

Aerial part dry matter (APDM) and root dry matter of seedlings (RDM) was obtained by the measurement 

of four samples of 10 seedlings at the end of the germination test. The seedlings were placed in brown paper 

envelopes and dried in forced ventilation oven at a temperature of 70°C for 72 hours. The results were expressed 

in milligrams per organ (mg organ-1). 

Emergency in the field (EF) was carried out with two hundred seeds per treatment divided into samples of 

50 seeds sown in polyethylene trays containing substrate as albaqualf soil type. The evaluation was performed 

on the 21 DAS and the results expressed as a percentage of seedlings. 

Emergence speed index (ESI) was obtained from daily counts of emerged seeds with minimum protrusion 

of 3 to 4 mm. Counts were performed until obtaining the constant number of emerged seedlings. The ESI was 

calculated according to Vieira andCarvalho (1994). 

The experimental design was a randomized block. Moreover, data were submitted to analysis of variance. If 

the data was significant by F test at 5% probability, they were expressed by polynomial regression. 

 

RESULTS AND DISCUSSION 
 

Significant differences in responses were not observed between nitrogen rates for germination, FGC, 

APDM, and RDM. Similar results were obtained by Araújo et al. (2014) evaluating the effect of nitrogen 

fertilization on the physiological quality of maize seeds. 

For plant yield variables in different nitrogen rates, there was an increase up to the greatest evaluated rate 

(Figure 1). The number of rows per ear increased linearly with increasing nitrogen rates at sowing (R² = 0.88) 

(Figure 1a). This response may be related to high nitrogen demand by maize plants (Gomes et al., 2007). 
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Fig. 1: Number of rows per ear (a), number of seeds per row (b), thousand grain weight (c), emergence in the 

field (d), emergence speed index (e) of maize seedlings grown under different nitrogen rates at sowing.  

 

However, Zucareli et al. (2014) studied the maize performance during the off-season period in response to 

nitrogen application times and observed that the number of rows per ear is defined by genotype and little 

influenced by nitrogen management, differing from the results obtained in this study. 

The number of seeds per row was adjusted with a cubic trend and obtained with coefficient of 

determination superior to 0.99 (Figure 1b). There was an increase on the number of seeds per row, reaching the 

maximum at 75% of nitrogen rate at sowing. The nitrogen application at sowing at the rates of 25 to 75% of the 

recommended rate was able to increase one row of seeds per ear simultaneously with the number of seeds per 

row. Increasing the rate above 75% up to 100% caused no increase in the number of rows. However, it did not 

allow to increase the plant nutritional status, ensuring the maintenance of the number of seeds per row. 
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The number of rows per ear is defined from V4 stage. The high rainfall may lead to leaching of retained 

nitrogen in the soil. However, nitrogen tends to remain longer on the soil in lower precipitation conditions. The 

response of the number of seeds per row is dependent on the genotype (Maestrelo et al., 2014) and 

environmental conditions (Table 1) (Maddonni et al., 1998). Similar results were obtained by Maestrelo et al. 

(2014) and Zucareli et al. (2014) in response to topdressing nitrogen application and in different application 

times in maize, respectively. 
 

Table 1:Averagetemperature (T), relativehumidity (RH), rainfall, andincident solar radiation (SR) in Ametista do Sul - RS.Source: Federal 
University of Santa Maria (UFSM) - Campus of FredericoWestphalen during 2013/2014.  

Months 
T (ºC) RH (%) Rainfall SR 

Maximum Minimum Maximum Minimum (mm) (kJ m-²) 

October 20.08 18.68 74.91 68.48 95.8 907.29 
November 23.18 21.76 70.74 64.42 241.8 1,093.42 

December 24.76 23.22 75.09 67.72 62.2 1,177.24 

January 25.0 23.0 80.5 73.2 246.4 27786.09 
February 25.4 23.8 73.5 65.3 16.2 24930.01 

 

The TGW increased up to a rate of 75% of nitrogen applied at sowing (Figure 1c). However, it was 

observed that the control treatment allocated larger amount of reserves in the seed compared to the rate of 25% 

of N. The reduction in TGW in the rates of 25, 50, and 100% of the recommended rate can be explained by 

increased number of rows observed in relation to the immediately lower rate. In this regard, there is evidence 

that increasing the plant nutritional status was able to increase the number of rows per ear but insufficient to 

guarantee full seed filling. 

The nitrogen effect on the greater TGW may be related to the increase in dry matter accumulation and the 

greater translocation and allocation of assimilates to seed (Andrade et al., 2014). Similar results were found by 

Sangoi et al. (2011), Andrade et al. (2014), and Maestrelo et al. (2014) studying the nitrogen effect on the 

TGW. 

The seedling emergence showed a quadratic trend, reaching the minimum point at 38.5% and rising from 

there up to the highest nitrogen rates (Figure 2a). The seedling emergence reflects on seed vigor, which consist 

of the set of physiological and biochemical processes required for the growth and development of the embryo in 

the most varied environmental conditions (Peske et al., 2012). 

The emergence speed index (ESI) reached the minimum point at 56.1% (Figure 2b). Seeds in lower rates (0, 

25 and 50 kg ha-1 of N) showed the highest ESI compared to the greater rates. The decrease observed in 

emergence and ESI particularly at rates of 25 and 50 % of the recommended rate can be explained by the lack of 

the nutrient in the resumption of embryo growth. 

The highest values of emergence and ESI of seedlings demonstrated the greatest expression of vigor of 

seeds produced under various environmental conditions. The increase of seed vigor in the greatest nitrogen rates 

may be related to increased nitrogen content in leaves (Moda et al., 2014), increasing the allocation of 

nitrogenous compounds in seeds. Andrade et al. (2014) reported that increased nitrogen rates provided to the 

plants promote protein synthesis and can help to obtain greater amount of carbohydrates, increasing seed weight. 

This occurrence can maintain connection with the greater TGW (Figure 1c). 

 

Conclusions: 

There is increase in number of rows per ear, seeds per row, and thousand grain weight when the rate of 75% 

of the recommended nitrogen rate is applied at sowing. 

Seed vigor is favored by the maximum nitrogen rate applied at sowing. 
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