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ABSTRACT 

The objective of this study is to analyze the classification of rice grains of lowland 

cultivars grown under flood and sprinkler irrigation. The study was carried out in the 

agricultural years 2011/2012 and 2014/2015 using a completely randomized block design 

with split plots. In 2011/2012, the treatments were three lowland rice cultivars grown 

under flood irrigation system and five sprinkler irrigation depths with four replications. In 

2014/2015, the experimental design was maintained but flood irrigation was not 

performed. After harvest, the samples were processed in a rice testing machine, including 

peeling, polishing and classification. Whole and broken grains were weighed to calculate 

hulling and milling yield. The classifications followed the guidelines described in 

Normative Instruction No. 6 of the Ministry of Agriculture, Livestock, and Supply of 

Brazil. In 2011/2012, there was interaction between sprinkler irrigation depths and the 

cultivars on hulling and milling yield, and in 2014/2015, there was significant difference 

in hulling yield between the cultivars. Genetic characteristics and water availability 

affected the classification of rice grains grown under sprinkler irrigation. In two sprinkler 

irrigation depths, the quality of the grains was similar to flood irrigation system. The 

highest milling yield was obtained in cultivar IRGA 417. 
 

 

INTRODUCTION 

The western border of Rio Grande do Sul state is 

known for the high production and processing of rice 

grains (IRGA, 2015). The cultivation system adopted in 

the region is flood irrigation, in which the water table is 

maintained on the soil surface for approximately 2/3 of the 

crop cycle. Therefore, the water demand of the crops is 

met, but the efficiency of water use is low because of the 

occurrence of water loss in the irrigation channels and 

crops by evaporation, lateral flow, and deep percolation 

(SOSBAI, 2014). In these cases, sprinkler irrigation 

systems are used to minimize water loss. 

Considering that lowland rice cultivars are adapted 

to flooding conditions, changes in growth, development, 

grain yield, and quality may change in absence of water 

table. The quality of the rice grains is assessed after 

harvest by measuring the percentage of whole and 

translucent grains. These values are important because 

they determine the commercial value of the grains (Bryant 

et al., 2012; Crusciol et al., 2008; Artigiani et al., 2012). 

Arf et al. (2002), Singh et al. (2017), and Lee et al. 

(2013) observed that water restriction might affect the 

quality of rice grains. Therefore, changes in the type of 

irrigation of lowland rice cultivars may affect grain yield 

and quality. 

The objective of this study is to evaluate the 

classification of grains of lowland rice cultivars grown 

under flood irrigation and sprinkler irrigation. 

 

MATERIAL AND METHODS 

 The experiments were carried out at the 

Experimental Area Unit of the Federal University of 

Pampa (Universidade Federal do Pampa–UNIPAMPA) 

(latitude of 29°09'21.68'' S, longitude of 56° 33'02.58'' W, 

altitude of 74 meters) in the municipality of Itaqui in the 

western border of Rio Grande do Sul, Brazil. According to 

the classification of Köppen, the climate of the region is 

type Cfa—subtropical without a defined dry season. The 

soil of the region was classified as Plinthudult 

(EMBRAPA, 2013). 

 The experiments were carried out in the agricultural 

2011/2012 and 2014/2015 growing seasons using a 

completely randomized block design with split plots. In 

2011/2012, the treatments included three lowland rice 

cultivars (INOV CL, IRGA 417, and IRGA 424), two 

sprinkler irrigation depths (100% and 150% of crop 
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evapotranspiration - ETc), one flood irrigation system, and 

four replications. In 2014/2015, the treatments included 

three lowland rice cultivars (XP 102 CL, IRGA 428, and 

IRGA 429), three sprinkler irrigation depths (100%, 150%, 

and 200% of ETc), and four replications.  

 Sowing was made in October 22, 2011, and 

November 17, 2014, in the recommended season for the 

crop in the study region. Each experimental subplot was 

composed of 18 rows with a length of 5 meters and 

spacing at 0.17 m between rows, totaling 15.3 m². The 

sowing density was 100 kg ha-1 (350 seeds per m-2) for 

cultivars IRGA 417, IRGA 424, IRGA 428, and IRGA 

429, and 50 kg ha-1 (175 seeds per m-2) for cultivars INOV 

CL and XP 102 CL. The sowing density of the latter two 

was lower because these cultivars are hybrids. 

 The irrigation requirement was determined from the 

ETc by multiplying the reference evapotranspiration (ETo) 

by the crop coefficient (Kc). ETo was estimated using the 

Penman-Montheith equation (Allen et al., 1998) using data 

on temperature, relative air humidity, wind and solar 

radiation obtained at the automatic meteorological station 

located 200 m away from the cultivation site. The Kc 

value was 1.05 in up to 20 days after emergence (DAE), 

1.125 in 21–40 DAE, 1.2 in 41–95 DAE, and 0.9 in ≥96 

DAEs (Allen et al., 1998). 

 Fertilization was made according to the 

recommendation for rice cultivation established by the Soil 

Chemistry and Fertility Commission for the soils of Rio 

Grande do Sul and Santa Catarina (2004), with an 

estimated yield of 12 t ha-1. Weeds, insects, and diseases 

were managed when necessary to keep plants free of stress 

according to the technical recommendations for rice 

cultivation in the south of Brazil (SOSBAI, 2014). 

 The classification of grains was performed in two 

0.25 m² samples per subplot. The classified grains were 

dried in an oven at 60ºC until the water humidity reached 

13%. After that, the samples were processed in a rice 

testing machine (MT, Suzuki®). At each operation, 

approximately 100 g of paddy rice were dehulled, polished 

and graded, and the grains remaining in the trieur (whole 

grains) and in the feed breaker (broken grains) were 

weighed to calculate the hulling yield. The classifications 

followed the guidelines described in the Normative 

Instruction No. 6 of the Ministry of Agriculture, Livestock, 

and Supply of Brazil (Brasil, 2009), and the percentage of 

grains that were broken, gritty, yellow, green and chalky, 

chopped and stained, moldy and bitter, and red and black 

ware determined. The amount of foreign matter and 

impurities was also calculated. 

 The percentage of grains with abnormalities 

(yellow, chopped and stained, red and black, and green and 

chalky) were transformed by the square root of X + 0.5. 

All data were subjected to analysis of variance (ANOVA) 

using the F test. The significant means were compared 

using the Tukey test at a level of significance of 5%. 

 

RESULTS AND DISCUSSION 

 The plants were subjected to different 

environmental conditions in the two agricultural years 

evaluated (Figures 1 and 2). In 2011/2012, rainfall (337.0 

mm) and the mean relative air humidity (63.4%) were 

lower than those found in normal environmental 

conditions in the study region (725.7 mm and 75.0%, 

respectively) (Wrege et al., 2011). These conditions, 

together with the air temperature higher than normal 

(26.2–24.9 ºC) were due to the influence of the La Niña 

phenomenon in this period (NOAA, 2016). 

 In 2014/2015, rainfall (710.0 mm), average relative 

humidity (72.1%) and temperature (25.8 ºC) were similar 

to the levels found in normal environmental conditions. 

Precipitations were common in the vegetative phase of the 

crop and affected grain yield, thereupon the plants at 

sprinkler irrigation depths >50% of the ETc produced 

grains. This characteristic was different from that found in 

2011/2012, which presented low pluviometric precipitation 

volumes, and because this only the plants grown at 

sprinkler irrigation depths >100% of the ETc produced 

grains.

 



Classification of rice grains of lowland cultivars grown under flood irrigation and sprinkler irrigation 601 

 

 

Engenharia Agrícola, Jaboticabal, v.38, n.4, p.599-605, jul./ago. 2018 

 

FIGURE 1. Rainfall (mm) and irrigation (mm) at a sprinkler irrigation depth >100% of crop evapotranspiration during plant 

emergence to harvest in the agricultural years 2011/2012 (a) and 2014/2015 (b). The dashed lines represent the mean 

percentages in developmental stages R1, R4, and R9 using the scale of Counce et al. (2000) for lowland rice cultivars grown 

under sprinkler irrigation. Itaqui, Rio Grande do Sul, Brazil. 

 

 

FIGURE 2. Average air temperature (ºC) and relative humidity (%) in the growing season of irrigated rice in the agricultural 

years 2011/2012 and 2014/2015. Itaqui, Rio Grande do Sul, Brazil. 
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 The effects of different sprinkler irrigation depths and rice cultivars were different between the growing seasons. In 

2011/2012, the sprinkler irrigation regimes and cultivars affected the hulling and milling yield of whole and broken grains. In 

2014/2015, only the rice cultivars affected hulling yield. Under different sprinkler irrigation depths, the yield of different rice 

cultivars ranged from 64.58% to 67.77% in 2011/2012 (Table 1), and  mean of 70.1% in 2014/2015 for cultivars and irrigation 

depths (Table 2).  

 

TABLE 1. Hulling (whole and broken grains, %) and milling yield  (%)of rice grains of lowland cultivars (IRGA 417, IRGA 

424, and INOV CL) grown under two sprinkler irrigation depths (100% and 150% of crop evapotranspiration) in the 

2011/2012 growing season. Itaqui, Rio Grande do Sul, Brazil. 

Cultivars 

Sprinkler irrigation regime 

100% 150% Flood irrigation 

 Milling yield 

IRGA 417 64,58 bB 67.77 aA 67.01 aA 

IRGA 424 65.48 abB 66.73 aA 67.49 aA 

INOV Cl 65.69 aB 65.27 bB 66.93 aA 

 Whole grains 

IRGA 417 41.30 aB 61.59 aA 63.53 aA 

IRGA 424 32.20 bB 53.24 bA 55.93 bA 

INOV Cl 31.41 bC 42.81 cB 54.24 bA 

 Broken grains 

IRGA 417 23.28 bA 6.18 cB 3.48 bB 

IRGA 424 33.28 aA 13.49 bB 11.56 aB 

INOV Cl 34.29 aA 22.47 aB 12.69 aC 

*The means followed by the same lowercase letter in the column and uppercase letter in the row did not differ using the Tukey test (p<0.05). 

 

TABLE 2. Hulling (whole and broken grains, %) and milling yield  (%)of rice grains of lowland cultivars (IRGA 428, IRGA 

429, and XP 102 CL) grown under three sprinkler irrigation dephts (100%, 150%, and 200% of crop evapotranspiration) in the  

2014/2015 growing season. Itaqui, Rio Grande do Sul, Brazil. 

Treatments 
Variables 

Milling yield Whole grains Broken grains 

IRGA 428 70.54 65.30 a* 5.24 c 

IRGA 429 69.29 52.80 c 16.49 a 

XP 102 CL 70.49 59.76 b 10.72 b 

Mean 70.11 - - 

100% 70.05 60.78 9.27 

150% 69.83 59.30 10.52 

200% 70.33 56.82 13.51 

Mean 70.07 58.97 11.10 

*The means followed by lowercase letter in the columm did not differ using the Tukey test (p<0.05). 

 

In 2011/2012, the cultivar IRGA 417 presented the 

highest percentage of whole grains (41.30–63.53%) and 

the lowest percentage of broken grains (3.48–23.28%) 

under all sprinkler irrigation depths (Table 1). The 

comparison of the irrigation systems indicated that the 

percentage of whole grains in cultivars IRGA 417 and 

IRGA 424 was statistically similar between the sprinkler 

irrigation depth at 150% ETc and flood irrigation. 

In 2014/2015, cultivar IRGA 428 presented the 

highest percentage of whole grains (65.30%) and the 

lowest percentage of broken grains (5.24%) (Table 2). 

There was no significant difference in the percentage of 

whole grains between the evaluated sprinkler irrigation 

depths, and the mean was 58.97%. 

 The water availability directly affected grain 

quality, as demonstrated by the percentages of the 

analyzed variables in the different growing seasons. Water 

is essential for grain formation because it participates in 

several plant mechanisms, including photosynthesis, and 

limited water availability may impair grain formation and 

the amount of photosynthates exported from the leaves 

(Artigiani et al., 2012). 

 Arf et al. (2002) evaluated upland rice cultivars 

grown with and without sprinkler irrigation and observed 

that the percentage of whole grains was increased as the 

volume of sprinkler water applied was increased. A similar 

result was found in 2011/2012 but not in 2014/2015 in our 

sample.  

 Londero et al. (2015) reported that the water 

deficits after anthesis did not change the quality of grains 

of irrigated rice. Therefore, this characteristic explains the 

difference between the agricultural years caused by the 

different distribution of rainfall , which contributed to the 

maintenance of grain quality regardless of the sprinkler 

irrigation depth adopted in 2014/2015. 
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 In addition, the yield potential of whole and broken 

grains varies according to the cultivar (Siebenmorgen et 

al., 2013). Therefore, the variation in the percentage of 

whole and broken grains between the different genotypes 

studied in the two agricultural years corroborates the 

results of Canellas et al. (1997). 

Teló et al. (2011) evaluated different lowland rice 

cultivars and found that the percentage of whole grains 

ranged from 63% to 65% under ideal harvesting 

conditions. In our sample, the percentages of whole grains 

in the sprinkler irrigation depth at 150% of ETc in 

2011/2012 and in all sprinkler irrigation depths in 

2014/2015 were similar to those found by Teló et al. 

(2011) (61.59% and 58.97%, respectively), demonstrating 

that grain quality in this irrigation system was similar to 

that of flood irrigation. 

 In 2011/2012, there was interaction between the 

sprinkler irrigation depths and rice cultivars for the 

production of yellow, red and black, and green and chalky 

grains (Table 3). In 2014/2015, there was interaction 

between the sprinkler irrigation regimes and rice cultivars 

for the production of yellow grains (Table 4). However, 

red + black, chopped + stained, and green + chalky grains 

were not affected by the sprinkler irrigation depths and 

rice cultivars. 

 

TABLE 3. Grain defects (yellow, red and black, green and chalky) of lowland rice cultivars (IRGA 417, IRGA 424, and INOV 

CL) grown under two sprinkler irrigation depths (100% and 150% of crop evapotranspiration) and flood irrigation in the 

agricultural year 2011/2012. Itaqui, Rio Grande do Sul, Brazil. 

Cultivars 

Sprinkler irrigation depth 

100% 150% Flood irrigation 

 Yellow 

IRGA 417   0.96 aA* 0.71 aB 0.74 aB 

IRGA 424 0.72 bA 0.73 aA 0.72 aA 

INOV Cl 0.72 bA 0.71 aA 0.71 aA 

 Red + black 

IRGA 417 0.71 aA 0.71 bA 0.72 aA 

IRGA 424 0.71 aB 0.78 aA 0.71 aB 

INOV Cl 0.71 aA 0.71 aA 0.71 aA 

 Green + chalky 

IRGA 417 4.21 bA    1.61 cAB 0.52 bB 

IRGA 424 6.57 bA 4.55 bA 4.36 aA 

INOV Cl 12.11 aA 8.20 aB 1.48 bC 

*The means followed by the same lowercase letter in the column and uppercase letter in the row did not differ using the Tukey test (p<0.05). 

 

The percentage of yellow grains of different rice cultivars ranged from 0.70% to 0.96% and 0.72% to 0.99% in 

2011/2012 (Table 3) and 2014/2015 (Table 4), respectively, under different sprinkler irrigation depths.  

 The percentage of red + black grains ranged from 0.71% to 0.78% in 2011/2012 (Table 3). In 2014/2015, the mean 

percentage of red + black grains was 0.71% (Table 4). These percentages did not directly affect the treatments in question 

because they were related to the seed bank of red and black rice in the soil. However these percentages affect the 

commercialization price because the yield of whole grains is lower (Menezes et al., 1997). 

 

TABLE 4. Grain defects (yellow, chopped and stained , green and chalky) of lowland rice cultivars (IRGA 428, IRGA 429, 

and INOV CL) grown under three sprinkler irrigation depths (100%, 150%, and 200% of crop evapotranspiration) and flood 

irrigation in the agricultural year 2014/2015. Itaqui, Rio Grande do Sul, Brazil. 

Cultivars 

Sprinkler irrigation regime 

100% 150% 200% 

 Yellow 

IRGA 428 0.74 bA* 0.72 bA 0.81 aA 

IRGA 429 0.99 aA 0.94 aA 0.74 aB 

XP 102 CL 0.78 bA 0.76 abA 0.83 aA 

Treatments 
Variables 

Chopped + stained Red + black Green + chalky 

IRGA 428 0.82 0.71 1.62 

IRGA 429 0.94 0.71 1.57 

XP 102 CL 0.92 0.71 1.66 

Mean 0.89 0.71 1.62 

100% 0.94 0.72 1.61 

150% 0.96 0.71 1.64 

200% 0.80 0.71 1.60 

Mean 0.90 0.71 1.62 

*The means followed by the same lowercase letter in the column and uppercase letter in the row did not differ using the Tukey test (p<0.05). 
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 In 2011/2012, the percentage of green + chalky 

grains ranged from 0.51% to 12.11%, and the highest 

percentage was found in the INOV CL cultivar at 100% of 

the ETc (Table 3). The lowest percentage was found in the 

cultivar IRGA 417 at 200% of the ETc. In 2014/2015, the 

mean percentage of green + chalky grains was 1.62% 

(Table 4) for different rice cultivars under different 

sprinkler irrigation depths.  

 The highest percentage of chalky grains at the 

sprinkler irrigation regime of 100% of the ETc in 

2011/2012 is justified by the lower occurrence of 

precipitations during the grain filling period (R4-R9) 

(Figure 1), evidencing that this irrigation depth did not 

fully meet the water demand of the crops under these 

conditions. These results corroborate those of Arf et al. 

(2002), Lee et al., (2013), and Marchezan et al., (1992), 

whereby the percentage of chalky grains was increased 

with water deficit. Considering that there was a higher 

frequency of rainfall in the period R4-R9 in 2014/2015, 

there was no water restriction in the sprinkler irrigation 

depth at 100% of the ETc, resulting in a lower percentage 

of chalky grains (mean of 1.62%) relative to 2011/2012.  

 Considering the percentage of green + chalky 

grains of the cultivars in each sprinkler irrigation depth in 

2011/2012, cultivar IRGA 417 was superior to hybrid 

INOV CL, and this result is due to genetic characteristics 

of the cultivars (Marchezan et al., 1992).  

 The mean percentage of chopped + stained grains 

determined in 2014/2015 was 0.89% under flooding 

irrigation and 0.90% under sprinkler irrigation. This result 

is because of a defect in a non-metabolic process 

associated with the attack of paddy bugs on the grains, and 

pest infestation is affected by different environmental 

conditions (Ribeiro et al., 2012). Therefore, the analysis of 

the effect of the irrigation systems indicated that these two 

systems did not affect the percentage of chopped + stained 

grains. 

 

CONCLUSIONS 

The classification of lowland rice grains grown 

under sprinkler irrigation depths of 150% and 200% of 

crop evapotranspiration is similar to that of rice grown in 

flood irrigation system. 

The cultivar IRGA 417 showed the highest yield 

under the sprinkler irrigation system in the agricultural 

year 2011/2012. In the agricultural year 2014/2015, the 

cultivar IRGA 428 presented the highest yield. 
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