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Abstract 
In the final stages of a plant breeding program, a crucial step is the multiplication of seeds in pro-
duction fields. Besides a solid planning, the seeds multiplication needs a special attention to guar-
antee seeds with high quality, genetic integrity, high germination and vigor to the farmer. The aim 
of this study was to evaluate the physiologic quality, enzymatic expression and respiratory activity 
of seeds of 20 elite upland rice lines adapted to the state of Minas Gerais, Brazil, from the upland 
rice breeding program from three Brazilians research institutions. The quality parameters eva-
luated were root protrusion, number of normal seedlings in the germination test, number of nor-
mal seedlings in the germination first count, initial stand from emergence test, speed of emer-
gence index, seedlings shoot and root length, percentage of O2 and CO2 from respiratory activity 
and the expression pattern of the enzymes alcohol dehydrogenase (ADH) and malate dehydroge-
nase (MDH). The seeds quality varied among lines, allowing the selection of lines with best per-
formance. The respiratory activity was lower in seeds of lines with high quality. The enzyme ADH 
was an excellent marker to infer about the quality of seeds, and the variation in the expression of 
MDH did not depend on the quality of rice seeds. The lines BRS Esmeralda, CMG1896 and CMG1509 
showed high physiologic quality in their seeds, and therefore, they should receive higher attention 
in rice breeding programs. 
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1. Introduction 
Consumed by more than half of the world’s population, rice (Oryza sativa L.) is one of the most cultivated crops 
in the world, and the most important crop in many development countries, playing a strategic role in economic 
and social politics [1]. 

The world rice production was nearly 724 millions of tons in 2014 [2]. Brazil is the only non-Asian country 
that is among the ten biggest producers of rice, producing almost 12,400 millions of tons in 2344 hectares in the 
2014/2015 growing season. The main producing state is Rio Grande do Sul, responsible for 66.7% of the pro-
duction, followed by Santa Catarina, responsible for 8.7%, and Maranhão, responsible for 5.4% [3]. 

In the 80s, the upland rice has come to represent 61% of the planted area in the state of Minas Gerais [3]. 
However, the low productivity, the absence of adapted genotypes and the competition with irrigated rice from 
the south of Brazil contributed to the drastic reduction of the area with upland rice in the state of Minas Gerais. 

In the last few years, the upland rice breeding program from the research institutions UFLA (Universidade 
Federal de Lavras), EPAMIG (Empresa de PesquisaAgropecuária de Minas Gerais) and EMBRAPA (Empresa-
Brasileira de Pesquisa Agropecuária) developed many genotypes with high genetic performance for grain yield 
production, drought resistance, short development period, good cooking and industrial grain quality adapted to 
the state of Minas Gerais, which became self sufficient in rice production. However, similar to what happens in 
many plant breeding programs, characters related to the seed quality are not commonly evaluated, and the late 
attention to these characters may generate unnecessary costs to companies. 

There are very few studies that discuss physiological and biochemical changes in seeds of rice cultivars, as 
well as their relation with enzymatic expression and respiratory activity. Therefore, the aim of this study was to 
evaluate the physiologic quality, enzymatic expression and respiratory activity of seeds of elite upland rice lines 
adapted to the state of Minas Gerais. 

2. Material and Methods 
Twenty elite inbred lines from the Upland Rice Breeding Program from UFLA, EMBRAPA and EPAMIG were 
carried out to available the seeds. The field experiment was located in the EPAMIG experimental station in Pa-
tos de Minas-MG, Brazil, and a sample of the seeds from each line were sent to the Central Seeds Lab from the 
Agriculture Department of UFLA to perform the quality tests. The seeds were treated with the commercial fun-
gicide Vitavax-Thiram®, 0.003L by kilogram of seed. 

It was performed a germination test (GT) using 50 seeds of each inbred line with four replicates, distributed 
on Germitest® paper moistened with water amount equivalent to 2.5 times the mass of dry substrate, and main-
tained in germination chamber at 25˚C degrees. Two counts of the number of normal seedlings were performed. 
A germination first count (GFC) was performed at the fifth day after installing the germination test, and the 
second count was performed at the fourteenth day, according to recommendation in Brasil [4]. A seedling was 
considered normal when showing 0.5 cm of shoot length and 2.5 cm of root length, and the results were ex-
pressed as the average percentage of normal seedlings from the four replicates. 

The seedling emergence (ET) was evaluated sowing four replicates of 50 seeds from each line in a 1 m × 4 m 
plat with the lines arranged randomly, and expressed as the percentage of emerged seedlings at the seventh and 
tenth days after sowing to evaluate the initial stand. Also, the speed of emergence (SE) was determined ac-
cording to Carvalho and Viera [5], using the index proposed by Edmond and Drapala [6]: 

GnSEI
Nn

=∑  

where SEI is the speed of emergence index, Gn  is the number of normal seedlings emerged at the “n” count, 
and Nn is the number of days between sowing and the “n” count. 

Seedling shoot (SL) and root (RL) length were obtained sowing four replicates of ten seeds from each line 
in Germitest® paper moistened with water in a proportion of 2.5 mL of water by each gram of paper, and main-
tained in germination chamber at 25˚C degrees for 14 days. Shoot and root length were measured only in the 
lines that showed these structures in at least 50% of the seedlings. 

Respiratory activity (RA) was determined by the percentage of CO2 and O2 released by the seeds. For that, 
50 seeds from each line were wrapped in Germitest® paper moistened with water in the same proportion as de-
scribed earlier, and placed in falcon tubes for 72 hours. A little role was made in the tube cover and sealed with 
robber to allow the insertion of a needle to measure CO2 and O2 without gas exchange with the environment. 
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The “PBI-Dansensor CHECKPOINT O2/CO2” apparatus works as an electrochemical reader that absorbs about 
15 mL of the sample atmosphere and measures the percentage of CO2 and O2. 

Analyses of variance were performed with the data from each previous test using the statistical software 
SISVAR [7], and the means compared according to the Scott-Knott approach [8] with 95% of probability. 

The enzymatic activity (EA) of alcohol dehydrogenase (ADH) and malate dehydrogenase (MDH) were ob-
tained using 25 seeds from each line. The seeds sample was first stored at −86˚C degrees to stop any enzymatic 
activity. Then, PVP (Polyvinylpolypyrrolidone) was used together with liquid nitrogen to smash the seeds. For 
the enzymes extraction, it was used an extraction buffer (TrisHCl 10.2 M pH8 + 0.1% of β-mercaptoetanol) in 
the proportion of 250 μL by 100mg of seeds. The samples were homogenized in vortex and maintained in fridge 
during the night. They were centrifuged in 14.000 rpm for 30 minutes in 4˚C degrees, and 60 μL of the sample 
were added to a polyacrylamide gel (7.5% of separator gel and 4.5% of concentrator gel) to perform electropho-
retic analysis (150 Volts for 5 hours) using the gel/electrode system Tris-glycine pH 8.9. The enzymatic activity 
was inferred evaluating the bands intensity in a transilluminator. 

3. Results and Discussion 
Highly significant differences (p ≤ 0.05) between rice lines were detected in the analyses of variance for all cha-
racters: root protrusion, number of normal seedlings in the germination test (GT), number of normal seedlings in 
the germination first count (GFC), initial stand from emergence test (ET), speed of emergence index (SEI) and 
respiratory analysis (RA). 

The lines CMG1967 and CMG2173 showed smaller values for root protrusion. These lines also showed less 
normal seedlings in GT, followed by the lines BRSMG Caçula and CMG1698. As regarding to the GFC, the line 
CMG2097 showed the smallest value followed by the lines CMG1967, CMG2074, CMG2089 and CMG1987. 
For this character, the line CMG1967 overcome the line CMG2173, probably because these lines had different 
flowering periods, what directly influence the seeds vigor (Table 1). 
 
Table 1. Percentage of root protrusion, normal seedlings in the germination test (GT) and of normal seedlings in the germi-
nation first count (GFC) of the 20 rice upland inbred lines, and their coefficient of variation (CV).                            

Lines % Protrusion1 % GFC1 % GT1 
BRSMG CURINGA 93 a 66 b 92 a 

CMG1967 75 c 48 c 76 c 
BRS ESMERALDA 95 a 85 a 92 a 

CMG2170 88 b 72 b 88 a 
CMG2173 81 c 69 b 77 c 

BRSMG CAÇULA 84 b 71 b 84 b 
CMG1097-7 94 a 68 b 96 a 

CMG2074 89 b 59 c 92 a 

CMG1698 86 b 72 b 82 b 

CMG2085 94 a 68 b 90 a 
BRSMG CARAVERA 96 a 79 a 96 a 

BRSMG RELÂMPAGO 95 a 91 a 95 a 
CMG1511 89 b 83 a 89 a 

CMG2089 88 b 54 c 90 a 

CMG1896 96 a 79 a 90 a 

CMG2097 85 b 34 d 89 a 

CMG2017 93 a 79 a 91 a 

CMG1977 92 a 75 b 91 a 

CMG1509 98 a 88 a 95 a 
CMG1987 96 a 49 c 94 a 

CV (%) 5,09 12,46 5,27 
1Means followed by the same letters at line do not differ by Scott-Knott test with a probability of 95%. 
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Considering the tests simulating field conditions, the lines BRSMG Curinga and CMG2173 showed the 
smaller initial stand, while the lines BRS Esmeralda, CMG2089, CMG1896 and CMG1509 showed the highest 
values, being considered superior than the other lines. For the emergence test in plat, the lines BRSMG Curinga, 
CMG1967, CMG2170, CMG2173 and BRSMG Caçula had the worse performance. Finally, considering the 
speed of emergence, the lines that had the smallest SEI were CMG1967, CMG2173 and BRSMG Caçula (Table 
2). 

Taking into account all characterspreviously discussed simultaneously, the lines that had the best performance 
were BRS Esmeralda, CMG1896 and CMG1509, and the line that had the worse performance was CMG1967. 
Differences in the number of normal seedlings in germination, root protrusion, SEI and number of seedlings in 
emergence were observed between genotypes of irrigated rice [9], conventional and transgenic genotypes of 
soybeans [10], upland rice cultivars [11], maize genotypes [12], common bean genotypes [13] and hybrids of 
pepper [14]. 

The results of the evaluation of the characters related to the seedlings development are presented in Table 3. 
For shoot length, the lines BRSMG Curinga, CMG2089, CMG1896 showed the highest values, and the lines 
BRSMG Caravera, BRSMG Relâmpago, CMG1511 and CMG1987 showed intermediate values. The line 
CMG1967 had the smallest value, considered as having a bad performance. 

For root length, the lines that showed the smallest values were CMG1967, BRS Esmeralda and CMG2170, 
 
Table 2. Percentage of normal seedlings at the initial stand, emergence in plat and speed of emergence index (SEI) of the 20 
upland rice lines, and their coefficient of variation (CV).                                                                

Lines % Initial Stand1 % Emergency1 % SEI1 

BRSMG CURINGA 6 d 89 b 3.00 a 

CMG1967 15 c 75 b 2.25 b 

BRS ESMERALDA 75 a 91 a 3.25 a 

CMG2170 64 b 82 b 2.75 a 

CMG2173 6 d 84 b 2.50 b 

BRSMG CAÇULA 17 c 82 b 2.00 b 

CMG1097-7 18 c 92 a 3.00 a 

CMG2074 14 c 97 a 3.00 a 

CMG1698 17 c 93 a 3.00 a 

CMG2085 48 b 98 a 3.25 a 

BRSMG CARAVERA 23 c 93 a 3.00 a 

BRSMG RELÂMPAGO 21 c 95 a 3.00 a 

CMG1511 26 c 90 a 2.75 a 

CMG2089 77 a 95 a 3.00 a 

CMG1896 77 a 92 a 3.00 a 

CMG2097 59 b 93 a 2.75 a 

CMG2017 58 b 96 a 3.25 a 

CMG1977 54 b 91 a 3.00 a 

CMG1509 74 a 97 a 3.00 a 

CMG1987 60 b 91 a 2.75 a 

CV (%) 20.71 7.27 11.61 

1Means followed by the same letters at line do not differ by Scott-Knott test with a probability of 5%. 
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Table 3. Shoot length and root length of the 20 upland rice lines, and their coefficient of variation (CV).                      

Lines Shoot Length (cm)1 Root Length (cm)1 

BRSMG CURINGA 1.73 a 2.53 d 

CMG 1967 2.26 d 1.42 e 

BRS ESMERALDA 3.14 c 1.96 e 

CMG 2170 4.08 c 1.38 e 

CMG 2173 3.01 c 2.35 d 

BRSMG CAÇULA 3.28 c 4.04 c 

CMG 1097-7 4.11 c 3.33 c 

CMG 2074 3.83 c 4.55 c 

CMG 1698 3.53 c 4.18 c 

CMG 2085 4.71 c 4.70 c 

BRSMG CARAVERA 5.31 b 6.32 b 

BRSMG RELÂMPAGO 5.03 b 6.60 b 

CMG 1511 5.45 b 6.04 b 

CMG 2089 6.23 a 4.30 c 

CMG 1896 6.44 a 7.82 a 

CMG 2097 4.57 c 3.34 c 

CMG 2017 3.95 c 3.91 c 

CMG 1977 5.33 b 4.30 c 

CMG 1509 4.60 c 4.46 c 

CMG 1987 3.32 c 2.97 d 

CV (%) 2.32 1.94 

1Means followed by the same letters at line do not differ by Scott-Knott test with a probability of 5%. 
 
followed by the lines BRSMG Curinga, CMG2173 and CMG1987. The bad result of the line CMG1967 agrees 
with the results showed in Table 2, suggesting that the seeds from this line have poor physiologic quality. The 
line CMG1896 showed the highest root length (Table 3). 

The variability of seeds physiologic quality and its direct relation with the seedling development were also 
reported in common bean [15], black oat [16] and popcorn maize genotypes [17], agreeing with the results found 
in this study. 

The results of the respiratory analyses are presented in Table 4. The lines BRS Esmeralda, CMG1896 and 
CMG1509 had the best performance, since they showed high percentage of O2 and low percentage of CO2. The 
line CMG1967, on the other hand, showed low O2 and high CO2, showing the worse performance of all lines 
(Table 4). 

The respiratory system is a biological process which reduced organic composts are mobilized and subse-
quently oxidized. The photosynthetic process uses CO2 and releases O2, wherein higher O2 releasing rates are 
related to genotypes that uses aerobic routes that produce fewer quantities of free radicals. The seeds of those 
genotypes deteriorate less and, consequently, have higher values for germination and vigor. 

Using the tests of Pettenkofer and of Titration to measure the respiratory rate in seeds of different maize ge-
notypes, Correa [18] observed that the more vigor the seeds have, more oxygen is released, so these characters 
have a high and positive correlation. Similar results were found in seeds of cotton [19], common bean [15] and 
pepper hybrids [14]. 
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Table 4. Percentage of O2 and CO2 obtained by the respiratory activity analyses of the 20 upland rice lines, and their coeffi-
cient of variation (CV).                                                                                     

Lines O2 (%)1 CO2 (%)1 

BRSMG CURINGA 22.1 b 1.3 b 

CMG 1967 11.7 e 2.1 d 

BRS ESMERALDA 23.3 a 0.5 a 

CMG 2170 20.3 b 0.4 a 

CMG 2173 22.2 b 0.8 a 

BRSMG CAÇULA 18.5 d 0.7 a 

CMG 1097-7 18.6 d 1.3 b 

CMG 2074 18.1 d 1.8 c 

CMG 1698 17.3 d 0.5 a 

CMG 2085 18.5 d 1.4 b 

BRSMG CARAVERA 23.1 a 1.7 c 

BRSMG RELÂMPAGO 18.5 d 1.7 c 

CMG 1511 21.2 b 1.6 c 

CMG 2089 22.8 b 1.0 b 

CMG 1896 23.8 a 0.6 a 

CMG 2097 17.5 d 1.3 b 

CMG 2017 21.8 b 0.4 a 

CMG 1977 19.6 c 0.6 a 

CMG 1509 24.7 a 0.5 a 

CMG 1987 13.7 e 1.8 c 

CV (%) 1.03 1.32 

1Means followed by the same letters at line do not differ by Scott-Knott test with a probability of 5%. 
 

The enzymatic activity for the enzyme alcohol dehydrogenase (ADH) can be observed in Figure 1. Analyzing 
the intensity of the bands, it was possible to infer that the line CMG1896 (line15) had a low expression for this 
enzyme. It is important to notice that the line CMG1896 showed the best performance in the quality tests and the 
lowest rate of CO2 released, being characterized by the one with the best seed quality compared with the 19 oth-
ers. The same happened to the line CMG1509 (line 19) that showed a great performance in the germination and 
vigor tests as well as higher O2 release. 

Electrophoretic patterns of enzymes related to the respiratory process are excellent markers to infer about the 
quality of seeds. The enzyme ADH acts in the anaerobic metabolism wherein the acetaldehyde is reduced in 
ethanol [20]. The final products of this metabolism are toxic to cells, but the ethanol fermentative metabolism 
seems to be less deleterious compared to acetaldehyde [21]. Therefore, the occurrence of ADH activity suggests 
the presence of acetaldehyde instead of ethanol, leading to seeds with poor quality. 

Similar results were found by Brandão Junior [22] in maize seeds. He observed most intensity of ADH bands 
when increasing aging time, when the quality of the seeds is lower. According to Torggler et al. [23], the ADH 
enzyme has two important linked locus in maize, Adh1 and Adh2, which are frequently studied in the aspect of 
gene expression regulation because they have a well defined function under anaerobic conditions. 

It was possible to detect expression to the enzyme malate dehydrogenase (MDH) in all lines studied (Figure 
2). A subtle major activity happened in lines that showed high physiologic quality, as the lines BRS Esmeralda  
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Figure 1. Expression pattern of the enzyme alcohol dehydrogenase (ADH) in 
seeds of the 20 upland rice lines.                                           

 

 
Figure 2. Expression pattern of the enzyme malate dehydrogenase (MDH) in 
seeds of the 20 upland rice lines.                                       

 
(line 3), CMG2017 (line 17) and CMG1509 (line 19). However, MDH expression showed little variation be-
tween lines, probably because this enzyme can be found in multiple organelles in plants. 

Similarly, Brandão Junior [22] did not found correlation between MDH activity and seeds physiologic quality 
in maize. Satters et al. [24] verified that increasing aging time in soybean less influenced MDH activity. There-
fore, MDH activity was not a good marker to infer about seeds quality. 

4. Conclusions 
The enzyme alcohol dehydrogenase (ADH) was an excellent marker to infer about the quality of seeds. The var-
iation in the expression of malate dehydrogenase (MDH) did not depend on the quality of rice seeds. 

The lines BRS Esmeralda, CMG1896 and CMG1509 showed high physiologic quality in their seeds, and 
therefore they should receive higher attention in Upland Rice Breeding Programs. 
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