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CAPÍTULO 17
 QUANTITATIVE ANALYSIS OF PERFORMANCE 
AND STABILITY OF A LONG AND THIN GRAIN RICE 

GENOTYPE FOR RICE-GROWING REGION OF 
MICHOACAN, MEXICO

Data de submissão: 26/08/2021

Juan Carlos Álvarez Hernández
National Institute of Forestry, Agriculture 

and Livestock Researches, Center-Pacific 
Regional Research Center, Experimental Field 

Apatzingan Valley
Paracuaro, Michoacan, Mexico

https://orcid.org/0000-0002-1265-0890

ABSTRACT: Rice (Oriza sativa L.), a symbol of 
cultural identity and world unity, is staple food 
of more than half of the world’s population. 
Worldwide, rice is produced in 113 countries 
concentrated in the vast regions of Africa, 
America, Asia, Europe and Oceania. Although 
country policies often favor the consumer and 
export market, rice production systems are 
decisive for food security, since providing 27% of 
energy and 20% of protein, in addition alleviating 
poverty and improving livelihoods. In Mexico, 
this cereal is one of the four basic crops in diet 
of country’s population, after corn, wheat and 
beans. However, it has been a challenge to satisfy 
domestic rice demand, which exceeds 850,000 
ton per year, so that, in last year’s Mexico has 
resorted to rice imports. Thus, with the purpose 
of counteracting this situation, it have been 
motivated technologies development, adaptation 
of production systems, implementation of genetic 
improvement programs, oriented to generation 
of materials and its validation of adaptation to 
rice-growing areas of country. Actually, there are 

notable advances, since advanced experimental 
lines have been selected, which become an 
alternative in substitution to the over-exploited 
‘Milagro Filipino’ variety, which has been 
intensively and extensively planted despite the 
notable loss of its purity. Michoacan state as a 
worthy representative of national production, has 
led to experimental work on advanced rice lines, 
allowing the selection of materials to region such 
as ‘Lombardia FLAR 13’, in addition, that present 
characteristics that consumer demands. Is a rice 
material adapted to conditions of area. It arose 
from the evaluation for more than five years of 
an advanced line in generation F6, from a triple 
cross with long and thin grain characteristics; it 
expresses yields higher than 10 ton ha-1, early 
maturity, resistance to plant fall and industrial 
quality higher than 50% of whole grains. 
KEYWORDS: Genetic materials, grain yield, 
Fondo Latinoamericano de Arroz de Riego 
(FLAR), Oriza sativa, rice genotypes.

ANÁLISE QUANTITATIVA DE 
DESEMPENHO E ESTABILIDADE DE 

UM GENÓTIPO DE ARROZ DE GRÃOS 
LONGOS E FINOS PARA A REGIÃO DE 
CULTIVO DE ARROZ DE MICHOACAN, 

MÉXICO
RESUMO: O arroz (Oriza sativa L.), um símbolo 
de identidade cultural e unidade mundial, é o 
alimento básico de mais da metade da população 
mundial. Mundialmente, o arroz é produzido em 
113 países concentrados nas vastas regiões da 
África, América, Ásia, Europa e Oceania. Embora 
as políticas nacionais freqüentemente favoreçam 
o mercado consumidor e de exportação, os 
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sistemas de produção de arroz são decisivos para a segurança alimentar, pois fornecem 
27% de energia e 20% de proteína, além de aliviar a pobreza e melhorar a subsistência. 
No México, este cereal é uma das quatro culturas básicas na dieta da população do país, 
depois do milho, trigo e feijão. No entanto, tem sido um desafio satisfazer a demanda interna 
de arroz, que ultrapassa 850.000 toneladas por ano, de modo que, no ano passado, o 
México recorreu à importação de arroz. Assim, com o objetivo de contrariar esta situação, 
tem sido motivado o desenvolvimento de tecnologias, adaptação de sistemas de produção, 
implementação de programas de melhoramento genético, orientado à geração de materiais 
e sua validação da adaptação às áreas de cultivo de arroz do país. Na verdade, há avanços 
notáveis, já que foram selecionadas linhas experimentais avançadas, que se tornam uma 
alternativa em substituição à superexplorada variedade “Milagro Filipino”, que foi intensiva 
e extensivamente plantada apesar da notável perda de sua pureza. O estado de Michoacan 
como digno representante da produção nacional, levou a um trabalho experimental em linhas 
avançadas de arroz, permitindo a seleção de materiais para regiões como a ‘Lombardia FLAR 
13’, além disso, que apresentam características que o consumidor exige. É um material de 
arroz adaptado às condições da área. Surgiu da avaliação por mais de cinco anos de uma 
linha avançada na geração F6, de uma cruz tripla com características de grãos longos e 
finos; expressa rendimentos superiores a 10 toneladas ha-1, maturidade precoce, resistência 
à queda da planta e qualidade industrial superior a 50% dos grãos inteiros. 
PALAVRAS-CHAVE: Materiais genéticos, rendimento de grãos, Fondo Latinoamericano de 
Arroz de Riego (FLAR), Oriza sativa, genótipos de arroz.

1 |  INTRODUCTION
Due to its high nutritional content, rice (Oriza sativa L.) is one of the most appreciated 

cereals in the world. It contains a high amount of energy, providing 27% of the dietary 
energy supply, compared to wheat, which supplies 19% and corn only 5%; as for protein 
per 100 g of rice, 6.8 g of protein. Also contains 1.2 mg of iron, 0.5 mg of zinc and 0.6 g of 
fiber have been determined; it is also an important source of thiamine, riboflavin and niacin 
(FAO, 2006). 

Worldwide, rice is produced in 113 countries concentrated in the vast regions of Africa, 
America, Asia, Europe and Oceania. According to FAO, in 10-year period, world production 
increased by 61,438,644 ton from 2010 to 2019. Of this trend, countries concentrated in 
Asia, whose participation in total production was approximately 90%, produced 627,452,833 
ton in 2010 and reached 677,276,789 ton in 2019. Moreover, Africa and America participated 
in world production with 4 and 5% approximately in decade of registration, remaining in the 
last year 2019 with 38,771,392 ton and 35,325,593 ton, respectively. Europe and Oceania, 
even with a significant tonnage production, its participation in global level was less than 1% 
in ten-year period (FAOSTAT, 2021.

In Mexico, according to SIAP-SADER (2020), this species participates with 0.8% 
of the national grain production, and the annual per capita consumption was 9 kilograms. 
Thus, rice is one of the four basic crops, after corn, wheat and beans, and an important 
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part of the diet of the Mexican. Therefore, national demand for this cereal has increased, it 
estimated at one million tons per year, however, since 2001 to date, the national production 
has decreased, with consequence to massive importation of rice (OSUNA et al., 2000; 
CHÁVEZ-MURILLO et al., 2011). Under these circumstances, it is a great challenge for 
Mexico and for producers themselves to supply the demand. Proof of it, in last five years 
national production went from 254,043 ton in 2016 to 295,338 ton in 2020, in which, only 
participation of Michoacan was 11.4% on average compared to national production, that 
is, produced 29,454 ton in 2016 and in 2020 reached a production of 30,055 ton (SIAP-
SADER, 2021).

Thus, in addition to technologies developed to be competitive with other rice 
producing countries, it is necessary the development of production systems in accordance 
with the current limitations. It should be noted that there are two production systems, one 
based on irrigation supply and the other subject to rainfall supply. According to the sowing 
dates, in Spring-Summer (PV, by its acronyms in Spanish) and Autumn-Winter (OI, by its 
acronyms in Spanish) cycles are development (HERNÁNDEZ Y TAVITAS, 2005); also pests 
and diseases problems are the main limitations in the crop, 43 diseases affecting rice are 
reported; and only 20 insect pests are considered the most important (PATHAK Y KHAN, 
1994). Therefore, it is required to promote support for production and commercialization of 
the grain, all of this aimed at increasing profitability of the crop as a whole (TAVITAS et al., 
2016).  

On the other hand, during last 10 years release of varieties with high yield potential, 
combined with favorable climatic conditions and water availability, have allowed maintaining 
high production rates (Salcedo y Barrios, 2012; Alvarez et al., 2016; BARRIOS et al., 2016; 
HERNANDEZ et al., 2019). Likewise, some agricultural practices in technology guide have 
been modified, such as, transplanting rice seedlings change to direct sowing; flooding 
irrigation change to short period auxiliary irrigation. This has resulted in yields over 9 ton 
ha-1. Consequently, evaluations of advanced rice lines in rice-growing region of Michoacan, 
Mexico, have been oriented to determination of yield stability parameters (ÁLVAREZ et 
al., 2018). Therefore, through the selection of promising materials obtained from compact 
trials and through the establishment of validation plots under irrigation conditions, different 
materials of long and thin grain were evaluated compared with conventional material. Based 
on the above, the objective was to evaluate the advanced line of rice called ‘Lombardia 
FLAR 13’, a long and thin grain genotype, compared with the conventional material in 
different production cycles, in rice-growing region of Michoacan, Mexico.
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2 |  MATERIALS AND METHODS

2.1 Environmental characteristics and landscape of production area
Typical of area located in the Balsas depression of Michoacan state, Mexico. BS1 

climate is frequent, corresponding to dry climate group; the least dry of very warm BS.  
Mean annual temperature > 22 °C, that of coldest month > 18 °C; summer rainfall regime: 
at least 10 times more rain in the wettest month of warm half of year than in the driest, 
with winter rainfall percentage < 5 of the annual, with little oscillation (Köppen, modified 
GARCÍA, 2004; INEGI, 2016). With respect to vegetation type, it is represented by the 
primary vegetative types of low deciduous forest, secondary stages of natural succession 
(different degrees of regeneration after elimination), shrubs from 4 to 8 m high and trees 
from 8 to 12 m high, and in higher areas, small extensions of oak and pine forests (ANDRES 
et al., 1994; GARCÍA AND LINAREZ, 2012). Generally, rice-growing region is identified as 
having high water retention capacity, high clay content and easily flooded due to flatness 
conditions; however, it may differ in color and depth. Soils with the highest grain yield are 
clayey types; in fact, soil unit corresponds to pelic vertisols (FAO, 2008). 

2.2 Experiment planning
Through the selection of promising materials obtained from national compact 

assay, which were developed in the different rice-growing regions of Mexico, and through 
the establishment of validation plots under irrigation and rainfed conditions, advanced 
experimental lines were selected, which allowed the registration and release of long and 
thin grain rice materials in the lines called ‘INIFLAR R’ (ÁLVAREZ et al., 2016); ‘INIFLAR 
RT’ (BARRIOS et al., 2016); ‘Pacifico FL 15’ and ‘Golfo FL 16’ (HERNANDEZ et al., 2019). 
Which were added to the stock of available genotype alternatives, which also includes 
‘Milagro Filipino’ variety. 

However, despite efforts, it is still necessary to develop improved rice varieties 
that are adaptable as closely as possible to the conditions of Apatzingan Valley. For this 
reason, during the autumn-winter cycle from 2013 to 2016 a long and thin grain rice line 
identified as ‘Lombardia FLAR 13’ was observed, which agronomically stood out for the 
region in conjunction with other outstanding materials, among it is line called ‘Marfil FLAR 
13’. Therefore, ‘Lombardia FLAR 13’ genotype was exposed to a validation process, which 
formally began from 2017 to 2020 year, following up through field experiments, compared to 
the conventional Milagro Filipino variety. The experimental validation plots were established 
annually in cooperating producers properties in common Lombardia, municipality of Gabriel 
Zamora Michoacan, Mexico, being the largest reference area for rice cultivation in mexican 
state, with planting dates starting on June 5 of each year, for a period of about four months 
before harvest. Climatic data on precipitation, maximum and minimum temperatures, and 
evaporation during the periods 2017 to 2020 are shown in table 1.



 
Ciências agrárias, indicadores e sistemas de produção sustentáveis 2 Capítulo 17 198

Year Month
Temperature (°C) (mm)

Maximun Minimal Precipitation Evaporation

2017

June 40.5 18.5 47 7.93

July 37.5 18 203.8 5.76

August 36.5 18.5 202.3 5.58

September 35 19 137.4 4.09

October 35.5 17 92.6 4.59

2018

June 41.5 19 178.5 7.49

July 39 19 104.8 6.05

August 37.5 18 153.4 5.14

September 36.5 20 30.1 5.31

October 36 18.5 106.9 4.87

2019

June 42.5 18 61.7 8.16

July 39.5 19.5 64 7.33

August 38.5 19.5 133.8 6.71

September 38 15.5 164.3 5.53

October 36.5 14 51.2 4.9

2020

June 43 17 15.4 8.92

July 39 19.5 117.7 5.91

August 36 18 226.6 5.1

September 35 18 133.6 4.54

October 38 15 20.4 6.01

Table 1. Climatic variation during experimental tests. Source: Department of Hydrometry. Irrigation 
District 097, CONAGUA, Mexico.

Soil preparation consisted of basic mechanized tillage of fallowing, harrowing, 
leveling and furrows formation. Then, seeds was dispersed manually by broadcasting at a 
density of 80 kg ha-1, and was made a pass with tractor and implement conditioned only with 
the tiller, marking small grooves of 0.2 m of separation (CORIA et al., 2017).

2.3 Experimental design and response variables 
Treatments used were the rice genotypes called ‘Lombardia FLAR 13’ and ‘Milagro 

Filipino’ placed under an randomized block experimental design, with independent plots, 
each material (treatment) made up of four “melgas” (sections), each one measuring 2.1 
m x 40 m, giving an area of 336 m2 per treatment. Crop management consisted of basic 
tillage (HERNANDEZ et al., 2013), background irrigation or emergence irrigation, followed 
by auxiliary irrigation at intervals of 5 to 8 days depending on water availability. Weed control 
was done with pre and post- emergent selective herbicides (ESQUEDA AND TOSQUY, 
2014); fertilization was in two stages (approximately 20 days after emergence and in the 
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stage of floral primordium formation) (TAPIA et al., 2016), and application of systemic 
fungicides (HERNANDEZ et al., 2018).

Variables recorded were: plant height, tillers number per plant, spikes number per 
plant, spike length on panicles, grains per spike, yield to harvest, yield after harvest and 
hectoliter weight (that is weight of 1,000 seeds). Data recording per experimental unit 
consisted of four blocks (based on each section of four considered per treatment), plants 
number considered per treatment were 20 for morphological and phenological aspects; and 
for productivity of one square meter per each section. Data obtained after verification of 
normality and homogeneity of variances tests were analyzed by comparing of the data sets 
using t-student test for independent samples. The statistical software used was Past 4.06 
(HAMMER, 2021).

3 |  RESULTS
The figure 1 shows plant height variable, for which there were statistical differences in 

only three years, and 2020 year showed no differences between treatments. The ‘Lombardia 
FLAR 13’ treatment stands out, as it surpassed the ‘Milagro Filipino’ treatment, although this 
compact condition is desirable. Heights ranged from 69 to 73 cm and from 74 to 76 cm, for 
‘Milagro Filipino’ and ‘Lombardia FLAR 13’, respectively (figure 3).
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Figure 1. Behavior of plant height variable in ‘Milagro Filipino’ and ‘Lombardia FLAR 13’ genotypes 
under different agricultural cycles. Different letters on bars indicate significant differences according to 

t-student test (P < 0.05); vertical lines correspond to confidence interval width (95%); n = 20.

In tillers number per plant variable, statistical analysis showed differences only in 
years 2019 and 2020, where ‘Lombardia FLAR 13’ treatment was higher than ‘Milagro 
Filipino’ treatments. In fact, in 2017 and 2018 years, even without differences, the greatest 
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trend also corresponded to ‘Lombardia FLAR 13’ treatment (figure 2). As can be seen, 
‘Lombardia FLAR 13’ treatment presented values in most years slightly above 11 tillers per 
plant, while ‘Milagro Filipino’ treatment was closer to 10 tillers per plant (figure 2).

a

a

b

b

a

a

a

a

2 4 6 8 10 12 14

2017

2018

2019

2020

Tillers number per plant

Ag
ric

ul
tu

ra
l c

yc
le

s
Lombardia FLAR 13 Milagro Filipino

Figure 2. Behavior of tillers number per plant variable in ‘Milagro Filipino’ and ‘Lombardia FLAR 13’ 
genotypes under different agricultural cycles. Different letters on bars indicate significant differences 

according to t-student test (P < 0.05); vertical lines correspond to confidence interval width (95%); n = 
20.

In spikes number per plant variable, statistical analysis showed differences, except 
for year 2019, which was statistically equal, the rest of the years were different (figure 3), 
with ‘Lombardia FLAR 13’ treatment standing out, with values close to 12 spkes per plant. 
In contrast, ‘Milagro Filipino’ treatment averaged 10 spikes per plant (figure 3).
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Figure 3. Behavior of spikes number per plant variable in ‘Milagro Filipino’ and ‘Lombardia FLAR 13’ 
genotypes under different agricultural cycles. Different letters on bars indicate significant differences 

according to t-student test (P < 0.05); vertical lines correspond to confidence interval width (95%); n = 
20.
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Moreover, in spikes length on panicles variable, the statistical analysis did not 
find differences (figure 4). Which means that in all four years, the ‘Milagro Filipino’ and 
‘Lombardia FLAR 13’ treatments were the same. In fact, numerical difference corresponds 
to less than one unit of the measurement value between both treatments, whose average 
length was 25.8 cm and 26.2 cm, for both treatments, respectively (figure 4).
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Figure 4. Behavior of Spike length on panicles variable in ‘Milagro Filipino’ and ‘Lombardia FLAR 13’ 
genotypes under different agricultural cycles. Different letters on bars indicate significant differences 

according to t-student test (P < 0.05); vertical lines correspond to confidence interval width (95%); n = 
20.

Similarly, statistical analysis for grains per spike variable only showed differences 
in evaluation corresponding to the year 2017. In subsequent years no differences were 
detected (figure 5). Despite this, it is important to highlight the trend observed in this 
variable, since both tretments ‘Milgro Filipino’ and ‘Lombardía FLAR 13’ presented stable 
values in four years, and whose difference between both fluctuated in approximately 20 
seeds; likewise, ‘Lombardia FLAR 13’ treatment was superior (figure 5).
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Figure 5. Behavior of grains per spike variable in ‘Milagro Filipino’ and ‘Lombardia FLAR 13’ genotypes 
under different agricultural cycles. Different letters on bars indicate significant differences according to 

t-student test (P < 0.05); vertical lines correspond to confidence interval width (95%); n = 20.

In hectoliter weight variable only in two evaluation years (2017 and 2019 years) there 
were statistical differences, and in 2018 and 2020 years, treatments were not significant. 
Values ranged from 20 to 23 g for ‘Milagro Filipino’ treatment. Contrary, for ‘Lombardia 
FLAR 13’ treatment, 1000-grain weight reached 28 g on average for the four years of study 
(figure 6).
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Figure 6. Behavior of 1000-grain weight variable in ‘Milagro Filipino’ and ‘Lombardia FLAR 13’ 
genotypes under different agricultural cycles. Different letters on bars indicate significant differences 

according to t-student test (P < 0.05); vertical lines correspond to confidence interval width (95%); n = 4.

In productivity, the yield per square meter variable at harvest time, statistical analysis 
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detected significant differences in the four years of evaluation (figure 7). As can be seen, 
‘Lombardia FLAR 13’ treatment exceeded the ‘Milagro Filipino’ treatment by more than 333 
g per m2 on average of evaluation years. Thus, ‘Lombardia FLAR 13’ treatment registered 
values higher than 1,250 g per m2 in average evaluation years (figure 7).
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Figure 7. Behavior of yield per area variable at cutting in ‘Milagro Filipino’ and ‘Lombardia FLAR 13’ 
genotypes under different agricultural cycles. Different letters on bars indicate significant differences 

according to t-student test (P < 0.05); vertical lines correspond to confidence interval width (95%); n = 4.

Subsequently, the statistical analysis applied to the variable yield per square meter 
after harvest, similarly found significant differences (figure 8). As can be seen, ‘Lombardia 
FLAR 13’ treatment was superior to ‘Milagro Filipino’ treatment. Since time invested in drying 
moisture in grain, maintained a similar trend to yield per square meter variable when cut, 
with ‘Lombardia FLAR 13’ treatment standing out with surrounding values between 1,085 
and 1,118 g per m2 (figure 8), and between 260 g per m2 over ‘Milagro Filipino’ treatment.
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Figure 8. Behavior of yield per area variable after cutting in ‘Milagro Filipino’ and ‘Lombardia FLAR 13’ 
genotypes under different agricultural cycles. Different letters on bars indicate significant differences 

according to t-student test (P < 0.05); vertical lines correspond to confidence interval width (95%); n = 4.

4 |  DISCUSSION
Mexico produces and markets two types of grains for consumption, thick grain 

that covers 25% and thin grain that covers 75%, the latter largely dependent on imports 
(BARRIOS et al., 2016). In view of this, the recent release of ‘INIFLAR R’ and ‘INIFLAR 
RT’ varieties; both a long and thin grain varieties with high yield potential, resistant to 
Magnaporthe sp. and other diseases, and good industrial grain quality. Which is expected 
to replace ‘Milagro Filipino’ variety in the short term and recover the crop’s profitability 
level and simultaneously compete with imported long and thin grain rice in order to reduce 
import volumes (HERNÁNDEZ et al., 2015). Meanwhile, ‘Pacífico FL 15’ and ‘Golfo FL 16’ 
varieties, both resistant to the “sogata WLV” complex (white leaf virus) and to endemic rice 
burning disease (Magnaporthe sp.), but moderately resistant to the spotted grain disease 
caused by Helminthosporium oryzae in association with other pathogens. It is estimated 
that, rice producers will contribute with 300,000 ton of extra-long grain rice demanded by 
the population, with these varieties (HERNÁNDEZ et al., 2019).

Michoacan state as a worthy representative of national production, in recent years 
has ranked fourth in established surface area, which has led to experimental work on 
advanced rice lines, allowing the selection of materials adapted to region such as ‘Lombardia 
FLAR 13’, in addition, that present characteristics that consumer demands. It is important 
to highlight that in addition to ‘Lombardia FLAR 13’ material whose process and monitoring 
has been constant and stable, the rice material called ‘Marfil FLAR 13’ has also exceeded 
expectations, since, its behavior in field places it as another alternative to these new long 
and thin grain materials. ‘Milagro Filipino’ is the predominant variety in the rice-growing 
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areas, however, the yields are lower than those of long and thin grain, in addition to being 
thick grain and presents “white belly” (GARCÍA et al., 2011). As mentioned, long and thin 
rice type is one with the highest national consumption, and since it is not domestically 
consumed, it is imported. 

The potential yield of “Lombardia FLAR 13” is attributed to that is a rice material 
adapted to the agroclimatic conditions of Apatzingán Valley region, Michoacan Mexico. It 
arises from the evaluation for more than 5 years of an advanced line in generation F6 from 
a triple cross with long thin grain characteristics, which makes it possible to achieve higher 
yields to 9.0 ton ha-1. Thus, ‘Lombardia FLAR 13’ genotype is resistant to plant lodging, thresh 
and diseases that attack this crop at national level, since, in the years of evaluation these 
problems did not occur. In terms of industrial quality, long and thin grain it produces is good, 
which makes it competitive with imported rice of this same type of grain, so it can compete 
with the types of grain that are being imported from Thailand and Vietnam (TOLENTINO, 
2014). In addition, it contributes to the increase of the surface and the production of rice with 
this type of grain, being a reference to counteract import volumes, and reestablish sources 
of work in field and in rice industry. 

On the other hand, the technology traditionally used in rice cultivation in “Apatzingan 
Valley”, Michoacan, Mexico, has undergone changes. For this reason, continuous 
improvement programs have been developed, represented by the direct sowing cultivation 
system in furrows and auxiliary irrigation, bearing in mind that water shortage is the main 
problem; therefore, it is important to implement strategies in the application of the required 
amount of irrigation without reducing yields potential. Water is basic for rice plant to complete 
its essential functions, unlike other species, as it is a necessary means for rice to develop 
properly and reduce competition from weeds and other plants that are antagonistic. On the 
other hand, the heat stress experienced by the plant is a function of air temperature, and 
genetic and agronomic factors that determine the evaporative cooling potential of the plant 
(LÓPEZ-HERNÁNDEZ et al., 2018). Another important aspect is that ‘Lombardia FLAR 13’ 
genotype, as well as the new varieties of this grass, does not require continuous flooding, 
which allows for greater efficiency and better use of water and soil resources.

5 |  CONCLUSIONS
‘Lombardia FLAR 13’ genotype showed productive stability in the environmental 

conditions of “Apatzingan Valley”, and is also competitive with the conventional ‘Milagro 
Filipino’ variety, which is established in area, since, in most of the morphological variables 
evaluated it was equal in the results, and was even superior in the results of productive 
variables. ‘Lombardia FLAR 13’ expresses yields higher than 10 ton ha-1, is precocious, 
resistant to plant drop and of industrial quality higher than 50% of whole grains, which gives 
certainty to its establishment on a larger scale in rice growing area of Michoacan, Mexico.
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RESUMO: A análise de solo é uma prática 
recomendada a fim de proporcionar ao produtor 
melhor tomada de decisão. Apesar de sua 
importância, não é executada em todas as áreas 
agrícolas. Conhecer quais são os fatores que 
dificultam a utilização de análises de solo pelo 
produtor, pode fornecer informações relevantes 
para a recomendação técnica no campo. O 
objetivo do trabalho é avaliar a utilização da 
análise física e química de solo pelos produtores 
rurais da Região Serrana e Planalto Médio do Rio 
Grande do Sul e verificar quais são os principais 
problemas encontrados no momento da execução 
das análises de solo. Foi realizada uma pesquisa 
qualitativa por meio de questionário, onde foram 
coletados dados de 47 produtores que residem 
em diferentes localidades. A pesquisa de campo 

foi realizada no período de abril a outubro de 2017, 
o questionário foi aplicado aos produtores de 
forma individual, sendo formado por 11 questões. 
A realização da análise de solo por produtores 
rurais da região de transição do Planalto Médio e 
Região Serrana em mais de 60% dos produtores 
rurais não é anual, apresentando carência da 
caracterização química para recomendação de 
corretivos e fertilizantes em áreas com cultivos 
agrícolas anuais. 
PALAVRAS-CHAVE: Análise, fertilidade, 
recomendação. 

SOIL ANALYSIS ON PROPERTIES IN THE 
SERRANA REGION AND THE MEDIUM 

PLATEAU OF RIO GRANDE DO SUL
ABSTRACT: Soil analysis is a recommended 
practice in order to provide the producer with 
better decision making. Despite its importance, it 
is not performed in all agricultural areas. Knowing 
what are the factors that hinder the use of soil 
analysis by the producer can provide relevant 
information for the technical recommendation in 
the field. The objective of this work is to evaluate 
the use of physical and chemical analysis of soil 
by rural producers in the Serrana Region and 
Middle Plateau of Rio Grande do Sul and verify 
what are the main problems encountered when 
carrying out the soil analyses. A qualitative survey 
was carried out through a questionnaire, where 
data from 47 producers living in different locations 
were collected. The field research was carried 
out from April to October 2017, the questionnaire 
was applied to producers individually, consisting 
of 11 questions. The performance of soil analysis 
by rural producers in the transition region of the 
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Middle Plateau and Mountain Region in more than 60% of rural producers is not annual, with 
a lack of chemical characterization for recommending correctives and fertilizers in areas with 
annual agricultural crops. 
KEYWORDS: Analysis, fertility, recommendation. 

1 |  INTRODUÇÃO 
As características químicas e físicas do solo apresentam variabilidade espacial 

como consequência de processos pedogenéticos. Essas características se manifestam nas 
direções horizontal e vertical, mas podem ser alteradas pelas ações antrópicas, mediante 
o uso e manejo do solo (OLIVEIRA, et al., 2007). 

O solo é um recurso natural, de grande importância para a sustentabilidade 
ambiental, alguns atributos são muito sensíveis às alterações e manejos realizados nos 
solos, entre eles a densidade do solo, porosidade, estabilidade de agregados e análise 
da fertilidade (ALCARDE, 1998). O Brasil se destaca na produção agrícola, por conter um 
solo fértil, porém para sua manutenção, práticas de manejo devem ser adotadas como a 
conservação da água do solo (EMBRAPA, 2019).

A análise de solo é uma prática recomendada a fim de proporcionar ao produtor 
melhor tomada de decisão. Este é o método mais antigo e tradicional usado para a avaliação 
da fertilidade do solo, é a partir deste que são feitas as recomendações adequadas de 
adubação e correção de uma propriedade, visando a otimização da área produtiva. 

A análise de solo, apesar de sua importância, não é executada em todas as áreas 
agrícolas, conhecer quais são os fatores que dificultam a utilização de análises de solo 
pelo produtor, poderá fornecer informações relevantes para a recomendação técnica no 
campo. O objetivo do trabalho é avaliar a utilização da análise física e química de solo pelos 
produtores rurais da Região Serrana e Planalto Médio do Rio Grande do Sul e verificar 
quais são os principais problemas encontrados no momento da execução das análises de 
solo.

2 |  MATERIAL E MÉTODOS
Foi realizada uma pesquisa qualitativa por meio de questionário, onde foram 

coletados dados de 47 produtores que residem em diferentes localidades dos municípios 
de Casca, Santo Antônio do Palma, Marau, Paraí, Serafina Corrêa, São Domingos do Sul, 
Vila Maria, Muçum e Vespasiano Corrêa, todas pertencentes ao estado do Rio Grande do 
Sul.

A pesquisa de campo foi realizada no período de abril a outubro de 2017, o questionário 
foi aplicado aos produtores de forma individual, sendo formado por 11 questões:

1) O produtor realiza análise de solo e em quais culturas?

2) Qual o tipo de análise de solo você realiza e qual a frequência? 
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4) Quem faz a coleta de solo?

5) Em quantos pontos é realizada a coleta para obter uma amostra? 

6) Qual a profundidade de coleta do solo?

7) Qual o principal instrumento utilizado na coleta?

8) O produtor reconhece a importância da análise de solo?  

9) Quem faz a interpretação dos resultados da análise de solo para o produtor?

10) O produtor segue as recomendações técnicas após a interpretação da análise? 
Ou seja, realiza adubação e calagem segundo a análise?

11) Após adotar a análise de solo a produtividade aumentou?

As respostas dos produtores foram transformadas em porcentagens, onde foi gerado 
um gráfico para cada questão aplicada.

 

3 |  RESULTADOS E DISCUSSÃO 
Foram entrevistados 47 produtores rurais, escolhidos aleatoriamente que residem 

em municípios localizados na área de transição entre a Região Serrana e o Planalto Médio 
do Rio Grande do Sul - Brasil. Dos 47 produtores entrevistados, apenas um produtor diz 
não realizar análise de solo. 

Para os 46 produtores entrevistados, a adoção da análise é realizada em áreas 
de cultura de lavoura, provavelmente por ser a atividade agrícola mais utilizada na região 
estudada. Foi possível identificar que 80% dos produtores entrevistados realizam a análise 
de solo para mais de duas culturas. Já, os produtores que fazem para uma cultura o total 
são de 20% (Figura 1).

Figura 1. Uso agrícola das áreas onde os produtores realizam a análise de solo, Região Serrana e 
Planalto Médio – RS, 2017.

A frequência de realização da análise química do solo foi de 38% realizada 
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anualmente, 60% a cada dois anos, 2% a cada 3 ou mais anos (Figura 2). Provavelmente, 
a maior execução de essas análises serem a cada dois anos, se deve a validade bancária 
da análise química para custeio agrícola ser deste período. 

Figura 2. Frequência de realização da análise química de solo, Região Serrana e Planalto Médio – RS, 
2017.

Apenas 60% dos produtores entrevistados realizam a análise física de solo. A 
frequência da realização demonstra que 14% dos produtores realizam análise física 
anualmente, 18% a cada dois anos, 68% a cada três ou mais anos (Figura 3).

Figura 3. Frequência da realização da análise física, Região Serrana e Planalto Médio – RS, 2017.

A coleta do solo é realizada pelo produtor em 56% das propriedades estudadas, 
4% coletadas por um técnico ou Eng. Agrônomo da Emater e 40% são coletadas por um 
técnico ou Eng. Agrônomo de empresa privada (Figura 4). O produtor é a pessoa que com 
maior frequência realiza a coleta de solo. Porém, problemas de amostragem podem ocorrer 
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pela falta de orientação técnica, prejudicando, por exemplo, o número de subamostras, a 
contaminação de amostras ou o desconhecimento da profundidade de coleta.

Figura 4. Responsável pela coleta da amostra de solo, Região Serrana e Planalto Médio – RS, 2017.

Em relação ao número de subamostras para compor uma amostra, 49% dos 
produtores coletam solo em menos de 5 pontos, 24% entre 5 e 10 pontos e 27% em mais 
de 10 pontos (Figura 5). O baixo número de subamostras para compor uma amostra, 
demonstra a não representatividade correta do solo coletado. Segundo a Sociedade 
Brasileira de Ciência do Solo (SBCS) quando o solo é amostrado ao acaso, os limites de 
inferência estatística são atendidos com a coleta de 10 a 20 amostras subamostras (15 em 
média). 

A aplicação localizada de fertilizantes nas linhas de semeadura aumenta a 
variabilidade horizontal dos valores de teor de nutrientes em solos com plantio direto, 
sobretudo no sentido perpendicular às linhas de semeadura. Isso é mais marcante para os 
nutrientes com baixa mobilidade no solo e maior efeito residual, como o P e o K (SALET 
et al., 1996). Quando poucos pontos são amostrados, há maiores chances de erro nos 
resultados químicos que representam o local de cultivo.

Figura 5. Quantidade de subamostras coletadas para compor uma amostra, Região Serrana e Planalto 
Médio – RS, 2017.
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A avaliação da profundidade de coleta do solo demonstra que 75% dos produtores 
de soja e 50% dos produtores de milho optam por realizar a coleta de solo de 0-20 cm em 
áreas de plantio direto consolidado, sem estratificação desta profundidade (Tabela 1). A 
coleta de até 20 cm pode diluir o resultado químico destas amostras, considerando que as 
raízes em sua grande maioria estão presentes e absorvem os nutrientes dos primeiros 10 
cm de profundidade. 

Considerando que adequada representatividade da amostra composta está 
diretamente relacionada com a qualidade das amostras simples (GUARÇONI et al., 2006), 
não somente o número de sub amostras é importante, mas também a profundidade de solo 
coletada em cada ponto que irá compor a amostra representativa da área agrícola. 

Profundidade
Soja Milho Horticultura Fruticultura Pastagem

%

0-10 cm 25 50 - - -

0-20 cm 75 50 100 - 100

0>20 cm - - - 100 -

Tabela 1. Profundidades de coleta de solo realizadas nas culturas de soja, milho, horticultura, 
fruticultura e pastagem, Região Serrana e Planalto Médio do RS, 2017.

Como instrumento de coleta, o uso da pá-de-corte foi de 38%, coleta com trado 42%, 
e com quadrículo ou trado mecanizado de 20% dos produtores (Figura 6). Percebe-se um 
avanço no uso de quadriciclos ou trados mecanizados na coleta de solo, permitindo mais 
agilidade e facilidade nesta atividade. O cuidado para evitar perdas de solo e representar 
adequadamente a camada amostrada é essencial, o trado caneca é um aliado nessa etapa, 
pois é provido de garras nas extremidades, não deixando o solo cair (SBCS, 2016).

Figura 6. Instrumento utilizado para coleta das amostras de solo na Região Serrana e Planalto Médio – 
RS, 2017.
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Os resultados das análises são interpretados 31% por técnicos de órgãos públicos 
e 62% por técnicos da assistência privada, e 7% são interpretados pelo próprio produtor 
(Figura 7). Percebe-se que o maior responsável pela interpretação dos resultados é 
o profissional de órgãos privados, provavelmente pela procura do produtor, onde será 
realizada a compra de fertilizantes e corretivos.

Figura 7. Interpretação da análise Região Serrana e Planalto Médio – RS, 2017.

Todos os produtores rurais entrevistados que realizam análise dizem seguir 
as recomendações profissionais de adubação e calagem conforme a análise de solo, 
reconhecendo sua importância e identificando aumento de produção ou economia no 
momento da compra de corretivos e fertilizantes.

 

4 |  CONCLUSÕES 
A realização da análise de solo por produtores rurais da região de transição do 

Planalto Médio e Região Serrana em mais de 60% dos produtores rurais não é anual, 
apresentando carência da caracterização química para recomendação de corretivos e 
fertilizantes em áreas com cultivos agrícolas anuais.

Os principais problemas identificados na coleta e uso da análise de solo são:

• Realização de um baixo número de subamostras coletadas;

• Profundidade de coleta diferente da recomendação técnica em sistema plantio 
direto.

A conscientização de produtores rurais e a execução da coleta do solo ser realizada 
por técnico capacitado é fundamental para garantir resultados confiáveis da caracterização 
do solo.
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