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ABSTRACT 
 

The aim of this work was to evaluate the behavior of upland rice cultivars under different doses and 

application time of nitrogen fertilization in Northern Mato Grosso State. The experiment was carried 

out during the crop seasons 2007/2008 and 2008/2009, in an experimental site at Alta Floresta, 

MT, Brazil. The experimental design used was randomized blocks in a 2x3x4 factorial scheme, with 

24 treatments and four replications. The treatments evaluated were two cultivars (BRSMG Curinga 

and BRS Maravilha), three nitrogen applications time (100% at sowing, 50% at sowing + 50% at 

pre-flowering, and 100% at pre-flowering) and four nitrogen doses (0, 30, 60, and 90 kg ha
-1

), using 

urea as nitrogen source. The plant parameters evaluated were: heights, internodes length, culm 

diameter, tillers and panicle number and grain yield. The cultivar Maravilha was more exigent in 

nitrogen than ‘Curinga’. In the crop seasons 2007/2008 the treatment involving split application of 

nitrogen fertilizer by 50% at sowing and 50% pre-flowering was more efficient. ‘Curinga’ presented 

higher grain yield at 63.41 kg ha
-1

 of N, and ‘Maravilha’ increased grain yield until the dose of        

90 kg ha
-1

 of N explained by linear response. 
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INTRODUCTION 

 

The rice cultivation started in Asia Continent, and 

nowadays, rice is one of the most cultivated cereals in 

the world, being the basis of food for two thirds of the 

world population. The Brazilian rice yield in 2011 was 

13.456 million tonnes, cultivated in an area of       

2.754 million hectares, which means an average yield 

of 4,885 kg ha
-1

, while Mato Grosso State produced 

654,716 tonnes, with an average yield of 3,186 kg ha
-1

 

(IBGE 2012). 

      Nitrogen (N) is a fundamental element for plant 

structural and physiological development by its 

importance such as a component of chlorophyll, 

enzymes, proteins, and nucleic acids (Marschner 

1995). In the rice crop, N fertilization influences the 

tillers and panicle numbers, number and size of grains, 

and then, consequently, increases rice yield (Neves et 

al. 2004, Fageria et al. 2007). According to Meira et al. 

(2005), a positive response by plants from N 

application depends on the appropriate practice and 

management of N application, and by the use of more 

effectiveness cultivars in N absorption. The appropriate 

N management may also increase its efficiency and 

helps to preserve the environment. 

      By splitting N application on upland rice, higher 

rates should be concentrating next to primary flower 

differentiation, when the use of this element is more 

efficient (Cornélio et al. 2007). Independently of the 

cultivar, it was observed that about 82% of the total N 

was absorbed between the profiling and flowering 

developmental stadia (Alvarez et al. 2005). 

      In the rice culture, as well as in other cultures, N is 

the most absorbed nutrient due to the culture high 

exigency (Marschner 1995) and, when applied in high 

rates increase the leaching losses, so the necessity of 

parceling (Fageria et al. 2007). Neves et al. (2004), in 

their work with doses and top dressing application 

timing of N in two upland rice cultivars with 

supplemental irrigation, verified differences between 

cultivars and  grain yield with application of 20 kg ha
-1

 

at sowing plus two top dressing of 40 kg ha
-1

, at 30 and 

50 days after emergence. 

      Arf et al. (2005), working with soil management 

and N application timing, observed that N fertilization 

at sowing and/or at tillering provided higher grain yield 

compared to control. Studying response of irrigated 

upland rice to N fertilization, Fageria et al. (2007) 

observed a quadratic effect in the grain yield and an 

efficiency variation according to genotype.  

      Therefore, information for a better use of N 

fertilization in upland rice is necessary in order to 

determine the most adequate dose and application 

timing, especially due to its losses by leaching, the 

high price of this fertilizer, and the necessity of 

increased yields. This work aimed to evaluate the 

behavior of upland rice cultivars under doses and 

application timing of N fertilization in northern Mato 

Grosso State, Brazil. 

 

MATERIAL AND METHODS 

 

The experiment was carried out during the 2007/2008 

and 2008/2009 crop seasons, in an experimental area 

at Dois Irmãos farm (latitude 09
o
59’21”S, longitude 

55
o
59’46”W and altitude of 290 m), in Alta Floresta, 

MT, Brazil, which has an annual average precipitation 

of 2,750 mm and annual average temperature of       

24 °C. The soil was an Oxisol Perox, classified as a 

distroferric typical clayey Red-Yellow Latosol. The soil 

samples were collected from the 0-0.20 m layer and 

subjected to chemical analysis, showing: pH (H2O) = 

6.0; P and K = 2.2 and 40.0 mg dm
-3

; Ca, Mg, Al, and 

H = 1.8, 0.8, 0.1, and 3.0 cmolc dm
-3

 and organic 

matter = 26 g dm
-3

. 

      The soil of the area studied, originally covered by 

the Amazonian vegetation, was cultivated with pasture 

(Brachiaria brizantha cv. Marandu). It was harrowed for 

organic matter incorporation and pH correction by 

application of 900 kg ha
-1

 of dolomitic lime at 90 days 

before sowing. 

      Treatments consisted of a combination of rice 

cultivars, times of N application, and doses of N. It was 

used a randomized block design in a 2x3x4 factorial 

scheme, making 24 treatments from the combination of 

two cultivars (BRSMG Curinga e BRS Maravilha), 

three N application timings (100% at sowing, 50% at 

sowing + 50% at pre-flowering, and 100% at            

pre-flowering), and four doses of N (0, 30, 60, and     

90 kg ha
-1

), with four replicates. 

      Plots consisted of 10 lines of 5 m long spaced by 

0.30 m. The evaluated area consisted of six central 

lines, not considering 0.5 m from the borders. Planting 

was conducted in October 29, 2007, and November 

15, 2008, using sowing density of 70 kg ha
-1

 for both 

cultivars. It was applied at sowing 75 kg ha
-1

 of P2O5 

(simple superphosphate) and 70 kg ha
-1

 of K2O 

(potassium chloride), and N (urea 45%), according to 

treatments. The emergence occurred in November, 7, 

2007, and November, 22, 2008.  

      The herbicides used to control weeds were 

cyhalofop-butyl (1.2 L ha
-1

) and 2,4-D (2.0 L ha
-1

). The 

fungicide triciclazole 75% (250 g ha
-1

) was used for 

blast disease control and the insecticide 

methamidophos (0.5 L ha
-1

) was used for insect control 

(Diabrotica speciosa, Chaetocnema sp., and 

Hemiptera: Heteroptera bugs). 

      Harvests were performed on March, 15, 2009, and 

March, 31, 2007, with manually gathering, threshing, 

and cleaning. 
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      We evaluated: plant height at ripening (dough), by 

measuring the height from the soil surface to the 

highest panicle of 10 plants from each plot, randomly 

chosen; the tillers and panicle number by counting  in 

1,0 m of each plot and then converted the number to 

square meter; the culm diameter, by measuring  with a 

caliper rule at the medium of the second culm; the 

grain yield, by weighing the grains (with husks), 

correcting the weight to 13% humidity and converting it 

to kg ha
-1

. 

      Data was subjected to variance analysis and the 

qualitative factors (cultivar and application timings) 

averages were subjected to Tukey test at 5% of 

probability, while the quantitative factors (doses) 

averages were subjected to polynomial regression. 

 

RESULTS AND DISCUSSION 

 

The variance analysis showed difference among 

cultivars, except for the plant height in the second crop 

season (Table 1). The application timing was 

significant for none of the evaluated characteristics. 

The doses have influenced the plant height in both 

seasons, however there were no difference in the 

internodes length. There was no significant interaction 

between the evaluated factors for plant height and 

internodes length. 

      The cultivar Maravilha showed highest plant height 

in the first crop season, while in the second they have 

not differed (Table 1). The difference between cultivars 

is probably because their genetic characteristics 

difference. Barreto et al. (2002) in an experiment in 

Amazonas State found plant heights of 104 cm for the 

cultivar Maravilha, and Morais et al. (2005) in several 

experiments found plant height of 98 cm for the cultivar 

Curinga, agreeing with the observed in this work. 

      The application timing has not influenced the plant 

height, disagreeing with Arf et al. (2005), who 

observed high plant heights when N was applied at pre 

flowering and when parceled 50% at sowing and 50% 

at pre flowering, according to them, it happens 

because pre flowering is a critical phase of demand for 

N. Marschner (1995) also stated that N fertilization at 

pre flowering increases phytormones production, 

especially auxins, which enable the division and 

expansion of cells, lengthen the stalk. 

      No response to the N fertilizer application timing in 

this work could be due to of the high organic matter in 

the soil (26 g dm
-3

), and also due to the forage 

incorporation before planting. 

      Regarding the plant height, there was significant 

effect of the doses in both seasons. In the first season 

the response drew a linear equation (Figure 1A), and 

in the second a quadratic equation (Figure 1B). 

Cazetta et al. (2008), working with doses up to        

125 kg ha
-1

 and Buzetti et al. (2006) with doses up to 

150 kg ha
-1

 also found linear equations as responses, 

although Mauad et al. (2003) found reduction in plant 

height with the increase of  N dose. 

      The cultivar Maravilha showed in both seasons 

greater internodes length (Table 1), contributing to its 

higher height compared to the cultivar Curinga. The 

application timing and doses had no influence in the 

internodes length, this fact can be associated with the 

high heritability of morphologic characters having no 

influence by the environment, and it is also for this 

reason that they are highly used as parameters for 

cultivar identification (Fonseca et al. 2004). 

      The cultivars differed in tillers number in the 

second crop season (Table 1), when the cultivar 

Curinga had a high number compared to ‘Maravilha’. In 

both seasons the application timing had no influence in 

tillers number, agreeing with Arf et al. (2005). Also the 

doses applied had no influence in tillers number, 

although Cazetta et al. (2008) working with N doses in 

two seasons, found difference in tillers number 

according to doses in the first year. The non-response 

of N fertilization on the tillers number can be an 

indication that the N quantity available in the soil was 

not limiting to the tillers formation. 

      There was difference in yield between cultivars in 

the second season (Table 1), when the cultivar 

Curinga had higher yield compared to ‘Maravilha’. 

Moura Neto et al. (2002), evaluating the performance 

of rice cultivars under soil management systems, has 

verified yield of  4,192 for the first and 7,556 kg ha
-1

 for 

the second seasons with the cultivar Maravilha, 

attributing the difference to the better precipitation 

index in the second season. Morais et al. (2005) 

researched the cultivar Curinga in several Brazilian 

States and observed yield ranging from 3,209 to    

4,589 kg ha
-1

 and Stone et al. (1999), working with 

sprinkler supplemental fertilization of N, has found 

average yield 4,973 kg ha
-1

. These results agree with 

those found in this work. 

      The cultivar yield and N application timing 

interaction is described in Table 2. There was no 

significant difference in yield with N application 

parceled 50% at sowing and 50% at pre flowering, the 

cultivar Maravilha had high yield with N applied 100% 

at sowing, while the ‘Curinga’ had higher yield with N 

applied 100% at pre flowering. This shows the cultivars 

difference in their time of greater necessity of N. 

Fageria and Wilcox (1977) affirmed that the different 

cultivars or lineage, climate, soil and culture 

management interfere in the N fertilization response. 

      The cultivar Curinga yield was not higher than the 

Maravilha only with the N dose of 90 kg ha
-1

 (Table 2). 

This fact can indicate that the cultivar Maravilha have 

higher necessity of N than Curinga, which can be seen
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Table 1. Variance analysis and plant height average, internodes length, and culm diameter of rice according to cultivars, 

application time and dose of N fertilization. Alta Floresta, MT, Brazil. 2007/2008 e 2008/2009. 
 

 
ns = non-significant by F test; * and ** = significant at 5 e 1% of probability by F test, respectively. 

Different letters to each factor differ at 5% of probability by Tukey test. 
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in the doses behavior in each cultivar, where the 

cultivar Curinga has shown a quadratic model, with its 

peak in 63.41 kg ha
-1

 of N and the ‘Maravilha’ as a 

linear model (Figure 2), indicating that this cultivar 

could have better response with higher levels of          

N fertilization. 

 
Figure 1. Rice plant height according to N doses. Alta 

Floresta, MT, Brazil. A = 2007/2008 season and                    

B = 2008/2009 season. 

 

Table 2. Rice grain yield (kg ha
-1

) according to cultivar and N 

application timing, and cultivar and N doses, showing the 

behavior of cultivars in each dose. Alta Floresta, MT, Brazil. 

2007/2008. 

Application Timing 
Cultivar 

Curinga Maravilha 

Sowing 5,468 b B 6,136 b A 

Sowing/Pre Flowering 6,938 a A 6,797 a A 

Pre Flowering 7,084 a A 5,923 b B 

   

Doses (kg ha
-1
)   

0 5,576 A 5,054 B 

30 6,587 A 5,965 B 

60 7,063 A 6,475 B 

90 6,759 B 7,647 A 

 

      The higher yield was found when the N fertilization 

was parceled, but not with significant difference to the 

100% at pre flowering (Table 3). The doses behavior in 

each application time showed the N fertilization 100% 

at sowing as a linear model and the parceled 

fertilization and 100% at pre flowering as a quadratic 

model. Based on these results, the parceled N 

fertilization provides better use of the nutrient along the 

crop cycle. The application timing of N fertilization has 

been studied by several researchers (Stone et al. 

1999, Freitas et al. 2001, Mariot et al. 2003), showing 

a rice response to N fertilization as linear or quadratic 

models, or even with no response at all to the crop 

yield (Arf 2000). Those works indicate that the 

response of yield to the N fertilization is variable and 

dependent on environmental and cultivar genetic 

factors. 

 

 
Figure 2. Effect of cultivars and N doses on rice grain yield. 

Alta Floresta, MT, Brazil. 2007/2008. 

 

Table 3. Effect of application timing and N doses on rice 

grain yield (kg ha
-1

). Alta Floresta, MT, Brazil. 2007/2008. 

Doses 
(kg ha

-1
) 

Application Timing 

Sowing Sowing/Pre Flowering Pre Flowering 

0 5,315 a 5,375 a 5,398 a 

30 5,627 b 6,835 a 6,367 a 

60 5,730 b 7,405 a 7,172 a 

90 6,536 b 7,914 a 7,159 b 

Different letters differ at 5% of probability by Tukey test. 

 

 
Figure 3. Effect of application timing and N doses on rice 

grain yield. Alta Floresta, MT, Brazil. 2007/2008. 

 

CONCLUSIONS 

 

The cultivar Maravilha was more exigent in nitrogen 

than ‘Curinga’. 

      In the crop seasons 2007/2008 the treatment 

involving split application of nitrogen fertilizer by 50% 

at sowing and 50% pre-flowering was more efficient. 

      The cultivar Curinga presented higher grain yield at 

63.41 kg ha
-1

 of N, and ‘Maravilha’ increased grain 

yield until the dose of 90 kg ha
-1

 of N explained by 

linear response. 
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RESUMO 
 

Doses e épocas de aplicação de nitrogênio em arroz de terras 

altas. Com o presente trabalho objetivou-se avaliar o 

comportamento de cultivares de arroz de terras altas sob diferentes 

doses e épocas de aplicação da adubação nitrogenada no norte de 

Mato Grosso. O experimento foi conduzido nas safras 2007/2008 e 

2008/2009 em área experimental no município de Alta Floresta, MT, 

Brasil. Foi utilizado delineamento experimental de blocos ao acaso 

em esquema fatorial 2x3x4, totalizando 24 tratamentos com             

4 repetições. Os tratamentos foram constituídos da combinação de 

duas cultivares (BRSMG Curinga e BRS Maravilha), três épocas de 

aplicação de N (100% na semeadura, 50% semeadura + 50% em 

cobertura e 100% em cobertura) e quatro doses de N (0, 30, 60 e   

90 kg ha
-1
) utilizando como fonte nitrogenada a ureia. Foram 

avaliados altura de plantas, comprimento de entrenó, diâmetro de 

colmo, número de perfilhos e panículas e produtividade de grãos. O 

cultivar Maravilha demonstrou ser mais exigente em nitrogênio que 

o Curinga; a divisão da adubação nitrogenada em 50% na 

semeadura e 50% em cobertura mostrou-se mais eficiente. O 

cultivar Curinga apresentou maior produtividade de grãos com a 

dose de 63,41 kg ha
-1
 de N, e o cultivar Maravilha apresentou 

resposta linear em produtividade de grãos até a dose de 90 kg ha
-1

 

de N. 
 

Palavras-chave: Oryza sativa, componentes de crescimento e 

produtividade, adubação nitrogenada. 
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