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Abstract 
The use of high quality seeds is of utmost importance and is intimately related to seed vigor. The objective of 
this study was to stablish a novel methodology for evaluating the vigor of pearl millet seeds. The experiment was 
performed at the Federal University of Pelotas, using 5 seed lots of pearl millet cv. BRS1501. The research was 
carried out in two stages: first, seed lots were characterized (physiological quality tests); second, the initial 
emergence and development of pearl millet seedlings was evaluated, testing four different substrates and five 
sowing depths in the emergence test. The experimental set up consisted of a completely randomized design with 
four replicates. Means were compared by the Scott-Knott test at the 5% probability level. The substrates sand 
and carbonized rice husk, at 1.0 cm depth, satisfactorily stratified seed lots. These methodologies correlated with 
the speed of emergency index and seedling emergency. Thus, the study identified an innovative method for 
testing vigor in pearl millet seeds. 
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1. Introduction 
Pearl millet [Pennisetum glaucum (L.) R. Br.] is an annual grass of tropical climate which is considered the sixth 
most important cereal worldwide, due to a great production of fresh and dry matter and high grain and seed 
yields (Leão et al., 2012). This forage presents high resistance to water deficit, excellent nutritional quality, 
provides considerable regrowth and good natural reseeding and acceptance by animals.  

Several factors, as with all crops, influence seed quality, from the choice of area for sowing to harvest. At 
physiological maturity the maximum quality of seeds is defined marking beginning of the deterioration process, 
which can be delayed by appropriate pre and post-harvest management conditions (Nakada et al., 2011). 

One of the major problems involving pasture establishment is the variation of seed quality from forage species 
marketed, especially low-quality seeds. Seed lots which do not meet the minimum standards for production and 
marketing established by the Ministry of Agriculture, Livestock and Food Supply (MAPA) are considered 
propagating material or grain (Melo et al., 2016). 

Vigor tests are methods used to evaluate or detect significant differences in the physiological quality of seed lots 
with similar germination, complementing the information provided by the germination test, and to distinguish 
low and high vigor seeds lots, separating them according to their quality levels (Sousa et al., 2017). Thus, vigor 
tests shall present characteristics such as speed, simplicity, low cost, reproducibility and provide results.  

Despite the recognized importance of fodder production there are practically no vigor tests recommended for 
such species. Therefore, the adjustment of existing methods and the proposition of alternatives for the 
characterization of physiological quality is imperative.  

Emergency tests are often used to determine seed vigor. However, a substrate which meets all plant requirements 
is quite uncommon (Melo et al., 2017). Generally, the most suggested substrates are: sand, charred rice husk, 
sugar cane bagasse and urban waste compost. 

This paper describes an innovative methodology for testing vigor of pearl millet seeds. For this purpose, the 
emergence of seedlings under different substrates and depths of sowing was evaluated. 
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2. Material and Methods 
The experiment was performed at the Didactic Laboratory of Seed Analysis Flávio Farias Rocha from the 
Universidade Federal de Pelotas. Five seed lots of pearl millet cultivar BRS 1501 were used. The research was 
carried out in two stages: first, seed lots were characterized; then, seedling emergence and initial development of 
pearl millet seedlings was evaluated using different substrates and sowing depths.  

2.1 Determination of Seed Physical and Physiological Quality 

Seed lots were characterized regarding physical and physiological aspects using the following tests: 

Water content: determined using a kiln at 105±3 °C for 24 hours and calculated by the mass difference, based on 
the wet mass of the seeds. Four replications of 2 g of seeds were used for each lot, according to the method 
described by the Rules for Seed Analysis (RAS) (MAPA, 2009). Results were expressed in percentage. 

1000-seeds weight: determined by weighing 8 subsamples of 100 seeds from each seed lot. Seeds were manually 
counted and weighed in an analytical balance with an accuracy of 0.0001g (MAPA, 2009). Four replicates were 
used and the results were expressed in grams. 

Germination: performed using four replicates of 200 seeds for each lot (each replicate was evaluated using four 
subsamples of 50 seeds). Seeds were distributed over two sheets of blotter paper, which were moistened with 
distilled water at a ratio of 2.5 times the weight of the dry paper, placed into germination boxes (gerbox). The 
gerboxes were held at 25 °C and the evaluation was performed on the seventh day after sowing, according to the 
criteria established in the RAS (MAPA, 2009). Results were expressed as the percentage of normal seedlings. 

First count of germination: carried out herewith the germination test, normal seedlings were counted on the 
fourth day after sowing and the results were expressed as the percentage of normal seedlings. 

Accelerated aging: executed using germination boxes (11.0 × 11.0 × 3.5 cm) were 2.0 g of seeds were disposed 
in a single layer over a wire mesh which was held suspended above 40 mL of distilled water. After prepared, the 
sealed boxes were maintained for 72 hours in BOD (Biochemical Oxygen Demand) at 41 °C (Tunes et al., 2012). 
Then, seeds were subjected to the conditions described for the germination test. The evaluations were performed 
four days after sowing and results were expressed as the percentage of normal seedlings. 

Total seedling length: performed using germitest paper which was moistened with 2.5 times the weight of the dry 
paper with distilled water. Next, at the upper third of the paper, 20 seeds were sown and each paper roll made 
was held at 25 °C for four days. The evaluation was carried out using 10 seedlings per replicate, which were 
randomly selected, measurements used a ruler graduated in millimeters determining total seedling length (TL), 
shoot length (SL) and root length (RL). The results were expressed in centimeters. 

Seedling emergence: tested in raised beds filled with soil from the horizon A of a planosol of the Pelotas 
mapping unit. For each lot, seeds were randomly distributed in 8 lines of 1.20 meters within each block. Each 
row received 50 seeds and was spaced by 10 centimeters from the others. Irrigation was performed whenever 
necessary, or at least once a day, and the evaluation was carried out 21 days after sowing. 

Speed of emergence index: performed herewith the seedling emergence test. The number of seedlings emerged 
each day was counted always at the same time. The parameter for considering seedlings as emerged was at least 
3 mm above the soil surface. Evaluations were carried out until stabilization and the speed of emergence index 
(IVE) was calculated using the formula proposed Maguire (1962):  

SEI = (E1/N1) + (E2/N2) + ... + (En/Nn)                         (1) 

where, 

SEI = speed of emergence index; E1, E2, ... En; En = number of normal seedlings counted in each day; N1, 
N2, ... Nn; Nn = number of days between sowing and each counting.  

The results were expressed as mean indexes of emergency speed for each lot. 

This stage was carried out under a completely randomized design with four repetitions. 

2.2 Seedling Emergence and Initial Development of Pearl Millet Seedlings 

Seedling emergence was performed using four different substrates (Sand, CRH, Coconut Fiber and S-10 
Beifort®) and different sowing depths (0.5, 1.0, 1.5, 2.0, 2.5 cm). The physical and chemical characteristics of 
the substrates used are presented in Table 1.  
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Table 1. Physical and chemical characteristics of the substrates: sand, carbonized rice husk, coconut fiber and 
S-10 Beifort®. Pelotas RS, 2016 

Substrate Density (g/L) Water holding capacity (mL/L) pH Electric conductivity (μS cm1)

Sand 

CRH 

Coconut Fiber 

138.00 

206.00 

163.12 

558.50 

493.00 

621.50 

7.0 

6.69 

5.70 

578.9 

624.1 

633.6 

S-10 Beifort® 456.51 624.00 6.42 692.0 

 

2.3 Seedling Emergence in Different Substrates and Depths 

Emergence was performed using 25 seeds from each lot and four replicates which were subdivided and sown 
into 2 tubes with 10 seeds each. The tubes were filled with the substrates (sand, CRH, CF, S10 Beifort®) at the 
depths of 0.5; 1.0; 1.5; 2.0 and 2.5 cm. 

Sand was properly standardized regarding the granulometry using a sieve of 1.6mm. Afterwards, the sand was 
washed and shade-dried for 24 hours. The carbonized rice husk was obtained from raw rice husk which was 
burnt for 4 hours using an adequate barrel with perforations and a cover for better carbonization. Then, the 
substrate was placed into a metallic bowl and irrigated for cooling which prevents the prolongation of the 
burning that would result in rice husk ash. The Amafibra® 47 Golden Mix standard coconut fiber was purchased 
from the local market and was pre-moistened 48 hours before the experiment set up. The commercial substrate 
S10 Beifort®, which is based on agroindustrial organic waste from class A (seed, grape marc, ashes, peat, 
carbonized rice husk and rice husk ash), was purchased on the local market. 

After sowing, the tubes were incubated at 25 °C. Irrigation was done manually, through absorption, keeping the 
same water blade for all the blocks to obtain the same amount of water. 

Seedling emergence: evaluated 15 days after sowing. Normal seedlings were counted as those with at least 3 mm 
aboveground. Results were expressed as the percentage of seedlings emerged. 

Speed of emergence index: performed according to the conditions previously described. 

Total seedling length: all seedlings obtained from the seedling emergence test were harvested and measured for 
total seedling length (shoot and root), using a ruler graduated in millimeters. 

Number of leaves: the number of leaves of all seedlings emerged was counted. 

The experimental design used for this stage was randomized complete block design with four replicates. 

Data from the two stages were compared by the Scott-Knott test at the 5% probability level. The software 
package used to analyze the data was SASM_Agri. In an attempt to demonstrate the efficiency of the 
methodologies tested, the Person correlation was calculated between the results obtained using different 
substrates and depths with the results from the seedling emergence and the speed of emergence index. 

3. Results and Discussion 

The physical and physiological quality of pearl millet seed lots used in the study is presented in Table 1. 
Germination differed between lots, wherein lots 1, 2 and 5 were classified as the best quality, followed by lots 3 
and 4. These results were expected, in the evaluation of a new methodology lots with different germination in 
which the vigor analysis stratify the two levels of initial physiological quality. 

The variable first count of germination ranked seed lot quality in the following order: 1 and 5 (superior quality); 
2 and 3 (intermediate quality) and 4 (inferior quality). Thus, the first count of germination provided greater 
stratification of seed lots when compared to the germination test.  

Data from Silva et al. (2017) points out that seed lots with high germination not necessarily present high vigor. 
Accordingly, one of the major limitations of the germination test is to identify differences in physiological 
potential between seed lots with high germination, which occurs due to the optimum conditions of the test 
allowing seed lots to express the maximum number of normal seedlings.  

For vigor tests, such as AA, FE and SEI, lot 5 presented the best quality, followed by lots 1 and 2. The seed lots 
with the lowest vigor were 3 and 4. 

Souza et al. (2009) stated that AA is the most drastic vigor test because of the increase in water content during 
the exposure period where water imbibition by the seed occurs at different speeds causing a great stress, that is, 
seed metabolism is exposed to high temperature and humidity. 
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There are studies that assert that the seedling emergency tests and, consequently, the emergency speed index, 
when carried out according to the indications of depth and row spacing for the crop, provide rapid germination 
and emergence of the seedlings, which become less vulnerable to adverse conditions and spend less time at the 
initial stages of development (Amaro et al., 2006). In addition, the results of the present study are consistent with 
the results obtained in the literature. 

For the SL test (Table 1), there was no statistical difference between lots which were not classified in different 
levels of quality. However, for RL and TL, there were significant differences, highlighting seed lot 4 with the 
lower vigor. However, Amaro et al. (2015) affirm that seedling length test is not sensitive enough to differentiate 
seed lots by vigor. 

 

Table 1. Initial physical and physiological quality of pearl millet seed lots: first count of germination (FCG), 
germination (G), accelerated aging (AA), seedling emergence (SE), speed of emergence index (SEI), shoot 
length (SL), root length (RL), total length of seedlings (TL), water content (WC). Pelotas-RS, 2016 

Lot FCG (%) G (%) AA (%) SE (%) SEI 

L1 84a* 89a* 78b* 72b* 8.49b* 

L2 69b 88ª 65c 74b 8.61b 

L3 72b 74b 66c 68c 8.04c 

L4 63c 71b 60d 68c 7.58d 

L5 88ª 93ª 81a 85ª 10.25a 

Mean 75 83 70 73 8.59 

CV (%) 3.6 4.7 2.59 3.44 2.85 

Lot SL (cm) RL (cm) TL (cm) WC (%) 

L1 4.69NS 11.61a* 16.29a* 12.78 

L2 4.94 11.37a 16.31ª 10.5 

L3 4.39 10.79a 15.18ª 8.9 

L4 4.08 9.17b 13.26b 8.1 

L5 4.58 10.90a 15.48ª 13.1 

Mean 4.54 10.77 15.3 10.67 

CV (%) 12.55 9.23 8.34 

Note. Means followed by the same lowercase letter in the column do not differ significantly at 5% probability 
level by Scott-Knott's clustering model. 

* significant at 5% probability level, ns = not significant.  

 

3.1 Seedling Emergence on Different Substrates and Depths 

Results regarding the SEI are presented in Figure 1, where the substrates sand and carbonized rice husk (CRH) at 
the depth of 1.0 cm presented the best results for seed lot 5. These results correlate to those found in the seedling 
emergence (Table 1). However, for the substrates coconut fiber (CF) and S10 Beifort®, opposite results were 
verified, as the substrates promoted the performance of seed lots with lower quality. These results can be 
attributed to the physical and chemical characteristics of both substrates, such as a greater specific surface area 
for contact between the seed and the substrate and, additionally, due to higher values of electrical conductivity, 
which is caused by the release of organic and inorganic ions to the solution (Figure 1). 

According to Alves et al. (2015), for the germination process to occur in any type of substrate, the water reserve 
must be maintained time enough for the emergence of the seedlings. According to Kampf et al. (2006), the 
physical and chemical properties of the substrate, as the water retention capacity, are extremely important for 
plant management, as this variable assist in determining the amount of water to be used for irrigation. In this 
work, the higher water retention was observed for the S-10 Beifort® substrate, followed by CF and CRH (Table 
1). 

Seedling emergency is one of the most widely used vigor tests, which is attributed to a greater similarity with the 
development of the plant in the field (Grzybowski et al., 2015). The speed of emergence index can be efficient in 
classifying lots at different levels of vigor, by placing the seeds in adverse climatic and soil conditions (Alves et 
al., 2012). 
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1.5 cm, a correlation at the 5% probability level was observed. However, while the depths of 0.5 and 1.0 cm 
presented a positive correlation for the speed of emergence index and seedling emergence, this behavior was not 
detected at the depth of 1.5 cm where a negative correlation was observed. 

 

Table 3. Linear correlations [Pearson correlation coefficient (r)] between the conventional methods of vigor 
testing (SEI and SE) and the speed of emergence index (SEI) of five pearl millet seed lots using alternative 
depths (0.5, 1.0, 1.5, 2.0 and 2.5 cm) and substrates (sand, carbonized rice husk, coconut fiber and S10 Beifort®). 
Pelotas-RS, UFPel, 2016 

Variable 0.5 1.0 1.5 2.0 2.5 

Sand      
SEI 0.41NS -0.48* 0.39 0.44 -0.19 
SE 0.40 -0.42 0.48* 0.47* -0.31 

Carbonized Rice Husk (CRH) 
SEI 0.69** 0.59** 0.30 0.10 0.39 
SE 0.61** 0.62** 0.31 0.05 0.34 

Coconut Fiber (CF) 
SEI 0.27 -0.11 0.12 0.49* 0.52* 
SE 0.22 -0.14 0.09 0.47* 0.40 

S10 Beifort® 
SEI 0.01 -0.30 -0.23 -0.09 0.05 
SE -0.08 -0.32 -0.28 -0.04 0.10 

Note. ** Significant by t-test at the 1% probability level; * Significant by t test at the 5% probability level; ns = 
Not significant by the t test.  
 

The total seedling length for the substrate carbonized rice husk did not correlate with the vigor tests SEI and SE, 
regardless of the sowing depth tested. However, for CF a positive correlation with SE at the 5% probability level 
was observed at depth of 0.5 cm and a negative correlation with SEI and SE at the 1% probability level at the 
depth of 1.0 cm. 

The substrate S10 Beifort ® presented an expressive positive correlation of r = 0.73 and r = 0.74 (1% of 
probability) for the variables index of emergence speed and field emergence with total seedling length at depth 
of 2, 5 cm.  

 

Table 4. Linear correlations [Pearson correlation coefficient (r)] between the conventional methods of vigor 
testing (SEI and SE) and the total seedling length (TL) of five pearl millet seed lots using alternative depths (0.5, 
1.0, 1.5, 2.0 and 2.5 cm) and substrates (sand, carbonized rice husk, coconut fiber and S10 Beifort®). Pelotas-RS, 
UFPel, 2016 

Variable 0.5 1.0 1.5 2.0 2.5 

Sand      

SEI 0.71** 0.48* -0.54* -0.26 0.02 

SE 0.60** 0.50* -0.56* -0.28 -0.06 

Carbonized Rice Husk (CRH) 

SEI -0.39 0.22 -0.04 0.41 -0.11 

SE -0.34 0.22 -0.03 0.30 -0.02 

Coconut Fiber (CF) 

SEI 0.42 -0.61** 0.02 -0.30 -0.29 

SE 0.46* -0.65** 0.07 -0.32 -0.30 

S10 Beifort® 

SEI -0.43 -0.16 0.14 0.08 0.73** 

SE -0.38 -0.11 0.12 0.10 0.74** 

Note. ** Significant by t-test at the 1% probability level; * Significant by t test at 5% probability level; ns = Not 
significant by the t test. 
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The leaf number from seedlings emerged in sand correlated, at the 1% probability level, positively with seedling 
emergence for 1.5 and 2.0 cm depth and negatively with the speed of emergence index for the depth of 1.0 cm 
(Table 5). The leaf number presented an expressive positive correlation with SE and SEI when CRH was used as 
substrate at the depths of 0.5 (r = 0.69 and 0.61) and 1.0 cm (r = 0.59 and r = 0.62). These results highlight this 
methodology as an innovative method to evaluate vigor in pearl millet and possibly, other small seeds. For 
coconut fiber, the leaf number showed a positive correlation (5% probability) with the variables SEI and SE at 
the sowing depth of 2.0 and with SEI at 2.5 cm. When S-10 Beifort® was used as substrate, the leaf number did 
not correlate with the results of SE and SEI in any of the depths tested. 

 

Table 5. Linear correlations [Pearson correlation coefficient (r)] between the conventional methods of vigor 
testing (SEI and SE) and the leaf number (LN) of five pearl millet seed lots using alternative depths (0.5, 1.0, 1.5, 
2.0 and 2.5 cm) and substrates (sand, carbonized rice husk, coconut fiber and S10 Beifort®). Pelotas-RS, UFPel, 
2016 

Variable 0.5 1.0 1.5 2.0 2.5 

Sand      

SEI 0.41NS -0.48* 0.39 0.44 -0.19 

SE 0.40 -0.42 0.48* 0.47* -0.31 

Carbonized Rice Husk (CRH) 

SEI 0.69** 0.59** 0.30 0.10 0.39 

SE 0.61** 0.62** 0.31 0.05 0.34 

Coconut Fiber (CF) 

SEI 0.27 -0.11 0.12 0.49* 0.52* 

SE 0.22 -0.14 0.09 0.47* 0.40 

S10 Beifort® 

SEI 0.01 -0.30 -0.23 -0.09 0.05 

SE -0.08 -0.32 -0.28 -0.04 0.10 

Note. ** Significant by t-test at the 1% probability level; * Significant by t test at 5% probability level; ns = Not 
significant by the t test. 
 

Seedling dry matter, with sand as substrate, presented a negative correlation at the 1% probability level for the 
depth of 0.5 cm. Thus, the dry matter of pearl millet seedlings decreased proportionally with the increase in SEI 
(r = -0.80) and SE (r = -0.75) (Table 6). However, when CRH was used as substrate, seedling dry matter 
positively correlated with SEI and SE at the depths of 2.0 and 2.5 cm in the 5% and 1% probability levels, 
respectively. Furthermore, using CF as substrate, seedling dry matter showed positive correlations with the two 
vigor variables (1% probability), at depths of 0.5; 1.5 and 2.5 cm. The same behavior was observed using S10 
Beifort® at the depth of 1.0 cm.  
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Table 6. Linear correlations [Pearson correlation coefficient (r)] between the conventional methods of vigor 
testing (SEI and SE) and the total dry matter (TDM) of five pearl millet seed lots using alternative depths (0.5, 
1.0, 1.5, 2.0 and 2.5 cm) and substrates (sand, carbonized rice husk, coconut fiber and S10 Beifort®). Pelotas-RS, 
UFPel, 2016 

Variable 0.5 1.0 1.5 2.0 2.5 

Sand      

SEI -0.80** -0.08 0.20 0.17 0.25 

SE -0.75** -0.02 0.19 0.24 0.14 

Carbonized Rice Husk (CRH) 

SEI 0.59** -0.32 -0.23 0.56* 0.82** 

SE -0.21 -0.26 -0.19 0.55* 0.82** 

Coconut Fiber (CF) 

SEI 0.82** 0.00 0.81** 0.40 0.84** 

SE 0.87** -0.07 0.89** 0.26 0.83** 

S10 Beifort® 

SEI -0.08 0.86** 0.30 0.40 0.08 

SE -0.16 0.88** 0.37 0.39 0.14 

Note. ** Significant by t-test at the 1% probability level; * Significant by t test at 5% probability level; ns = Not 
significant by the t test. 
 

Given that some response variables produced reduced or non-significant correlation between pre-established 
vigor tests and the methodologies tested, future studies should examine a greater number of species, enabling 
infer the inclusion of these methods in the laboratory routine. 

4. Conclusion 
The substrates sand and carbonized rice husk, at 1.0 cm depth, satisfactorily stratified pearl millet seed lots 
regarding vigor. These methodologies correlated with the speed of emergence index and seedling emergence. 
Thus, the study identified an innovative method for testing vigor in pearl millet seed lots. 
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