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Abstract 
Zea mays L. presents socioeconomic and cultural importance for the Northeast region of Brazil, its yield is 
directly related to the productive system, to the edaphoclimatic conditions and to the soil management. The aim 
of this work was to evaluate the development and the yield of maize under different nitrogen doses in rainfed 
conditions in the Brazilian semiarid. The experimental design was in randomized blocks, with four treatments 
and five replications, totalizing 20 experimental plots, with 24 plants each. The treatments were: T1 (0 kg ha-1 of 
N); T2 (40 kg ha-1 of N); T3 (60 kg ha-1 of N) and T4 (80 kg ha-1 of N). Were evaluated: plant height, culm 
diameter and number of leaves at 30, 45, 60, 75 and 90 days after emergence; leaf temperature, stomatal 
conductance, transpiration, liquid photosynthesis and intercellular carbon concentration at 65 days after 
emergence; yield, shoot dry mass and nitrogen content in the soil after harvest. The different nitrogen doses 
significantly influenced the plant height, culm diameter and the number of leaves in the different evaluation 
periods, also influencing the nitrogen levels in the soil after the harvest. There was no difference among 
treatments for the yield, the registered average was 5,205 kg ha-1. The development of the crop and the nitrogen 
absorption may have been influenced by the water deficit during the crop cycle. The maize presented better 
agronomic performance with the dose of 60 kg ha-1 of nitrogen. 
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1. Introduction 
Agricultural production systems, in terms of area and socio-economic importance, are prominent throughout the 
world. The maize (Zea mays L.) presents a great importance among the cultivated species, being part of the 
human and animal food chain, due to its grain yield and forage production, being one of the most produced 
inputs in Brazil and in the world (Souza et al., 2012; Custódio et al., 2016; USDA, 2018). 

In the fifth survey of the 2018/2019 harvest conducted by the United States Department of Agriculture, the 
global production of maize was estimated in 1.07 billion tons (USDA, 2018). In the world ranking, Brazil is the 
third largest producer with 82 million tons estimated for the 2018/2019 harvest. In the 2016/2017 harvest, maize 
cultivation in Brazil was performed in an area of 16.1 million hectares, with the Northeast region being 
responsible for 11.72% of this total area, and the state of Paraíba with participation of 8.4 million hectares 
(CONAB, 2017).  

Maize crop productivity is directly related to the entire production system, involving the genetic potential of the 
variety, the edaphoclimatic conditions and the management employed. Among the cultural practices, the 
management of soil fertility is of great importance in order to achieve higher productivity (Santos et al., 2014; 
Lins et al., 2017). 

Among the macronutrients required by the maize crop, nitrogen (N) is absorbed in higher quantity. Besides its 
effect on productivity, this nutrient has importance in the biochemical processes of the plant, as a constituent of 
proteins, enzymes, coenzymes, nucleic acids and chlorophyll (Lourente et al., 2007; Santos et al., 2010). 
However, nitrogen fertilizers are among the inputs that most burden production, needing to be applied in 
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uniformly applied throughout the experimental area, the nitrogen doses were distributed according to the 
treatments. Were utilized 60 kg ha-1 of P and 40 kg ha-1 of K, the supply sources were single superphosphate 
(18% of P2O5, 16% of Ca and 8% S) and potassium chloride (60% of K2O). 

2.6 Experimental Design and Treatments 

The experimental design was in randomized blocks, with four treatments and five replications, totalizing 20 
experimental plots. The plots were composed of 4 rows, spaced 0.8 m, and the plants were spaced 0.2 m, 
totalizing a population of 62,500 plants ha-1. The floor area of each plot comprised the two central rows, where 6 
randomly selected plants were evaluated, the edges being neglected. 

The utilized treatments were: T1 (0 kg N ha-1); T2 (40 kg N ha-1); T3 (60 kg N ha-1) and T4 (80 kg N ha-1). The 
application of the doses was performed in a divided manner: the first application was performed at 30 days after 
emergence, and the second at 45 days, the utilized nitrogen source was urea (44% of N).  

2.7 Growth, Gas Exchanges and Nitrogen Analyses 

At 30 days after emergence, six plants were randomly selected from the floor area of each experimental plot, in 
which were evaluated: plant height (measure of the lap of the plant until its highest leaf, with the aid of a tape 
measure, graduated in m); culm diameter (using a digital pachymeter, measured in millimeters) and number of 
leaves (fully expanded leaves). These evaluations were repeated every 15 days, totalizing five evaluations.  

The analyses of gas exchange and photosynthetic efficiency of the maize leaves in the flowering phase (R1), 
corresponding to 65 days after sowing, were performed with the aid of an Infrared Gas Analyzer (IRGA), 
(LI-COR®, model LI-6400XT), with artificial light of 1500 micro mol. In each plot two plants were evaluated; 
the analyses occurred in the morning (between 9 and 11 am), the first leaf opposite and below the spike was 
analyzed. The photosynthetic variables evaluated were: leaf temperature (Tleaf), stomatal conductance (gs), 
transpiration (E), liquid photosynthesis (A) and, intercellular carbon concentration (Ci). 

The harvest was performed when the grains presented ±20% humidity on the spike. For the determination of the 
grain yield, the spikes of three plants per plot were manually harvested, the straw was removed and the threshing 
was performed. Upon reaching 13% moisture, the grains were weighed in order to determine the mass of grains 
per plant; the yield in kg ha-1 was estimated based on the density of plants (plants ha-1). 

For the dry mass analyses of the shoot part, the plants collected for determination of grain yield were dried in a 
forced air circulation oven at 65±2 ºC until reaching constant weight, and then weighed in analytical balance and 
expressed in grams. 

2.8 Statistical Analyses 

N levels in the soil were evaluated after harvesting, the analysis of the material was performed according to the 
methodology recommended by Embrapa (1997). In each treatment, four simple samples were collected per block 
and then formed a single composite sample, thus totalizing 20 samples. 

The results were submitted to analysis of variance, the means were compared by Tukey’s test at 5% probability 
and by polynomial regression (Ferreira, 2000; Banzatto & Kronka, 2006), using the software SAS (Statistical 
Analysis System) version 9.3 (SAS, 2011). 

3. Results and Discussion 
3.1 Plant Height  

From the summary of the analyses of variance by the mean square (Table 1), it was verified that for the variable 
average height of plants, there was significant difference only at 30 days after emergency (DAE); for the 
remaining evaluated periods, 45, 60, 75 and 90 DAE there was no significant difference among the treatments. 
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Table 4. Summary of the analysis of variance for yield (kg ha-1), dry mass and levels of nitrogen found in the soil 
after maize harvest, as a function of nitrogen doses (N). Experimental Station of EMEPA - Alagoinha-PB, 2018 

C. Variation Yield Dry mass Nitrogen found 

“F” Value 2.04ns 1.99ns 3.06** 

T1  4.013.8 7.72 1.43a 
T2  3.597.6 7.87 1.25ab 
T3  5.205.1 9.85 1.24ab 
T4  3.779.8 9.12 1.16b 

LSD 2676.4 3561.2 0.2556 

CV (%) 35.67 22.11 10.48 

Note. ns, **, * respectively not significative, significative to P < 0.01 and P < 0.05. LSD: least significant 
difference. CV: coefficient of variation. T1 (0 kg N ha-1); T2 (40 kg N ha-1); T3 (60 kg N ha-1) and T4 (80 kg N 
ha-1). Means followed by different letters in the same column differ statistically from each other, by the Tukey 
test at 5% probability. 

 

In spite of obtaining statistically similar responses, the treatments provided significant variations in the yield 
results. T3 (60 kg ha-1 of N), when compared to the control treatment that did not use nitrogen, promoted an 
increment of 1,191.3 kg ha-1. When comparing the average yield of the treatments of the present study, 
corresponding to 4,149.1 kg ha-1, with the average yield of the 2017/2018 harvest of the Northeast region, which 
was 2,554 kg ha-1 (CONAB, 2018), there is an increase of 62.45%.  

It is noteworthy that in the period in which the experiment was developed, the rainfalls for the region of the 
agreste paraibano were below average, concentrating mainly in the months of February to May, and the 
beginning of the experiment occurred in May; in the following months, there was a water deficit due to the 
reduction of rainfall in the region, raining only 297 mm in the period from May to August, a condition which 
may have directly influenced the development of the crop due to the lack of water to supply the water 
requirement of the species, which according to Cruz et al (2010) ranges from 500 to 600 mm, taking into account 
a regular rainfall distribution, which will depend on the local climatic conditions. 

For Paiva et al. (2012) among the main factors responsible for the low productivity of the crop for the semiarid 
region of Brazil are the irregular rainfall periods and low levels of nitrogen and phosphorus in the soils. There is 
a lack of research related to nutritional management in field conditions which define adequate doses of nutrients 
aiming at higher crop yields. 

Silva et al. (2014), in work performed in the Apodi Plateau, in the semiarid of Rio Grande do Norte state, 
evaluated nitrogen and phosphorus doses for maize production in a period in which 332.9 mm of precipitation 
were recorded. The effect of the treatments over yield was observed by the authors: with the application of 88 kg 
ha-1 of N, a yield of 7,480 kg ha-1 of maize was obtained. Vilela et al. (2012) when evaluating the effect of N on 
grain production, observed that the highest grain yield (5,982 kg ha-1) was obtained with the dose of 160 kg ha-1, 
a yield that does not differ with great magnitude from that obtained in this work with the dose of 60 kg ha-1, 
which was 5,205.1 kg ha-1. 

For the variable dry mass of the plant, the results obtained by Morais et al. (2018) corroborate with those 
observed in this study, where the authors also did not observe significant results for shoot dry mass of maize as a 
function of the application of doses of nitrogen and potassium, where the N doses of 252 kg ha-1 and 360 kg ha-1 
were applied.  

From the analysis of the N levels in the soil after the maize harvest, differences among the treatments were 
observed, where the highest levels of nutrient were observed in the treatment T1 (0 kg of N ha-1) with 1.43 g kg-1, 
in which no dose of N was applied. The lowest analyzed levels were in the treatment T4 (80 kg of N ha-1) with 
1.16 g kg-1. It is also noted that when compared to the T1 treatment, a decrease in the levels of N in the soil also 
occur for the treatments T2 and T3, what might have occurred because of the larger amount of N available for 
the crop, by the addition of the N doses, thus providing a greater absorption of the nutrient by the plants.  
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undergoes strong alternations (Lopes et al., 2009); therefore, since all plants were submitted to water stress, due 
to natural conditions of rainfall in the period of development of the experiment, it was not possible to statically 
verify a significant variation. With regard to the internal carbon concentration, an average of 91.283 μmol CO2 
mol-1 (Table 4); according to Ometto et al. (2003) the Ci is considered a physiological variable influenced by 
environmental factors, such as water availability, light and energy, among others. 

It is evident from these results that the best agronomic performance concerning plant height, number of leaves, 
culm diameter and dry mass was obtained with the treatments where the highest doses of N were applied, 60 and 
80 kg ha-1. Therefore, the use of 60 kg ha-1 may be recommended for maize fertilization under the conditions of 
the present study, since the increase in the dose will promote losses of N to the environment and will burden the 
plants. The importance of the appropriate nutritional management of the crop is emphasized, necessary for the 
good development of the plant, even in adverse conditions such as those of agreste paraibano, with low rainfall. 

4. Conclusion 
Nitrogen fertilization influences the plant height, number of leaves and the culm diameter of maize grown in 
rainfed conditions in the Agreste Paraibano, with the doses up to 60 kg h-1 being the most recommended; there 
was, however, no influence of the nitrogen doses on productivity over the yield in the conditions in which the 
work was developed. 
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