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It is a native species of hot, dry regions of Africa, and is now widely cultivated 
throughout the world. Watermelon is consumed by people from different social classes 

and has an affordable economic value. In Brazil, the watermelon crop found excellent 

conditions for its development.The final quality of the horticultural product depends, 
among other factors, obtaining adequate and uniform plant stand in the coming field of 

top quality seeds. For seedlings, particularly watermelon seeds, there is no information 

available in the literature to date on the most promising methodologies and vigor tests 
for evaluating the physiological potential of seed lots. This study aimed to compare the 

efficiency of vigor tests to determine the physiological potential of watermelon seeds 

lots. Four and five untreated watermelon seed lots, cultivars Congo and Crimson Sweet, 
respectively, were used. For the evaluation of the quality of watermelon seeds, 

germination test, first germination count, cold test, emergence speed index, seedling 

emergence index, shoot and root length, shoot and root dry matter, post-emergence 
shoot and root length, and shoot and root accelerated aging test were conducted using 

saturated and unsaturated saline solution at 41⁰C for 72 hours. The results of this study 
indicate a similarity between the results of first germination count and seedling 

emergence tests; both seedling emergence and emergence speed index had the same 

performance regarding both cultivars. The first germination count, accelerated aging 
using saturated and unsaturated saline solution and the emergence speed index were 

efficient in the stratification of lots of watermelon seeds into vigor levels. 

http://www.ajbasweb.com/
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INTRODUCTION 

 

It is a native species of hot, dry regions of Africa, and is now widely cultivated throughout the world 

(Filgueira, 2008). Watermelon is consumed by people from different social classes and has an affordable 

economic value. It is considered popular in Brazil. The consumption meets much of the daily requirements of 

vitamins and minerals (Ferrariet al., 2013). 

In Brazil, the watermelon crop found excellent conditions for its development. It has become an important 

crop in Brazilian agribusiness, being one of the most important vegetable crops produced and consumed in the 

country (Torres, 2007). In 2012, the harvest reached approximately two million tonnes of fruitsproduced in a 

92,612 ha cultivated area (IBGE, 2014). 

To meet the demand for food and improve the yield of crops in the field, high quality seeds are necessary. 

The quality of seeds is one of the key factors for the success of crops, affecting the yield and the quality of the 

final product (Boligonet al., 2010).The final quality of the horticultural product depends, among other factors, 

obtaining adequate and uniform plant stand in the coming field of top quality seeds. For seedlings, particularly 

watermelon seeds, there is no information available in the literature to date on the most promising 

methodologies and vigor tests for evaluating the physiological potential of seed lots. 

The evaluation of the physiological potential of seeds is a key component of quality control programs. It is 

a reference to the adoption of management practices seeking to ensure an adequate performance. Provides 

information to identify and solve problems during the production process, besides estimating seed performance 

in the field (Martins et al., 2014). 

The germination test, conducted under favorable conditions of humidity of the substrate and temperature, 

usually overestimates the physiological potential of seed lots. The use and improvement of existing vigor tests 

are increasingly necessary to properly evaluate the physiological potential of seeds (Torreset al., 2009). Thus, 

the basic purpose of vigor tests is to identify important differences in the physiological potential of seed lots, 

especially lots presenting similar and high seed germination (Marcos Filho andNovembre, 2009). 

The first germination count, usually performed to facilitate the germination test, can be considered an 

effective test, as it is known that, during the deterioration process, the germination rate decreases before 

germination. Thus, lots whose germination occurs more rapidly, presenting higher values of germination at the 

first count, may be considered more vigorous than those presenting a slower germination (Mathews, 1980; Silva 

and Vieira, 2006).  

The seedling growth can be measured by seedling length and dry matter. Both are physical measurements 

(size and mass, respectively) independent from the subjectivity of the analyst, making the reproduction of the 

results easier. In these tests, seedlings that present a greater length come from more vigorous seeds. This also 

occurs upon determining the dry matter of seedlings because vigorous seeds provide a greater transfer of dry 

matter from their reserve tissues to the embryonic axis (Nakagawa, 1999). However, there is a need for research 

evaluating the quality of seeds of vegetable crops, including watermelon. 

This study aimed to compare the efficiency of vigor tests to determine the physiological potential of 

watermelon seedlots. 

 

MATERIAL AND METHODS 

 

The study was conducted at the Didactic Laboratory of Seed Analysis in a greenhouse at the Agronomy 

Faculty EliseuMaciel belonging to Federal University of Pelotas. Watermelon seeds from the cultivar Congo 

were represented by four lots, and seeds from the cultivar Crimson Sweet were represented by five lots. They 

were not subjected to any chemical treatment. The seeds were evaluated in terms of quality by the following 

evaluations: 

Water content - conducted according to RAS (Brasil, 2009) using the oven method at 105 ± 3 ⁰C for 24 

hours. The results were expressed as percentage on a wet basis. 

Cold test - four subsamples with 50 seeds were used for each sample; they were sown in Germitest rolls 

moistened with water equivalent to 2.5 times their dry weight. After sowing, the rolls were placed in plastic bags 

to maintain the moisture. Soon after, they were kept in BOD for seven days at 8 ⁰C and subsequently placed in a 

germinator at 25 ⁰C. The evaluation was performed on the seventh day after sowing. The results were expressed 

as mean percentage of normal seedlings. 

Accelerated aging with unsaturated saline solution - four subsamples with 50 seeds were established from 

each sample. The test was conducted in gerboxes containing 40 mL of unsaturated saline solution (for each 100 

mL of distilled water, 11 g of NaCl were added), according to Ávilaet al., (2006), and a uniform layer of seeds 

was disposed on the inner screen and kept in incubation at 41°C for 72 hours. After the aging period, the seeds 

were submitted to germination test. They were then evaluated on the fifth day after sowing. 
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Accelerated aging using saturated saline solution - the test was similar to the accelerated aging test using 

unsaturated saline solution, but using 40 mL of saturated saline solution (for each 100 mL of distilled water, 40 

g of NaCl were added) Ávilaet al., (2006). 

Root and shoot length - four subsamples with 15 seeds were establishedfrom each sample; they were seeded 

in the top third of agermitest paper moistened with water equivalent to 2.5 times its dry weight, and kept in a 

germinator at 25 ⁰C (Nakagawa, 1999). The measurement of 10 seedlings was performed on the fifth day after 

sowing using a millimetric ruler; the results were expressed in centimeters. 

Shoot and root dry matter - 10 normal seedlings obtained during the shoot and root length test were 

evaluated. Samples from each lot were divided into shoots and roots, packed in identified paper bags and taken 

to an oven with forced-air circulation at 65 ⁰C for 72 hours (Nakagawa, 1999). After this period, the dry matter 

of each replication was measured in a balance with a precision of 0.001 g and the average results were expressed 

in milligrams per seedling. 

Seedling emergence - four samples with 50 seeds were used and distributed in plastic trays containing sand. 

Irrigations were made whenever necessary aiming to provide water for seed germination and seedling 

emergence. The count was performed 14 days after sowing; the percentage of emerged seedlings was then 

determined (Nakagawa, 1999). 

Emergency speed index–it was conducted along with the seedling emergence test, with evaluations 

performed by a daily count of the number of emerged seedlings until the stabilization of the number of seedlings 

and the calculation of the speed index according to Edmond andDrapala (1958) and described by Nakagawa 

(1999). 

Post-emergence seedling shoot and root length - evaluated together with emergence on the fourteenth day 

after sowing. Four samples with 10 seedlings were used.The length was evaluated by adding the measurements 

from each sample and dividing it by the number of seedlings; results were expressed in millimeters. 

Experimental procedure - the experimental design was completely randomized. Four lots and five 

replications of the cultivar Congo and five lots and four replications of the cultivar Crimson Sweet were used. 

Data obtained from each test were submitted to analysis of variance and means were compared by Scott-Knott 

test at 5% probability. The degree of association between the results was analyzed by Pearson simple correlation 

(r) at 5% error probability.  

 

RESULTS AND DISCUSSION 

 

The data from seed water content (MarcosFilho, 1999) were similar among lots, ranging up to 1.0 

percentage point for both cultivars, less than the indicated maximum amplitude of 1-2 percentage points 

(MarcosFilho, 1999). In relation to the initial characterization of the quality of watermelon seeds (Table 1), it 

was observed that there were no significant differences regarding germination among the four lots of the cultivar 

Congo and among the five lots of the cultivar Crimson Sweet.  

 
Table 1: Initial quality of four lots of watermelon seeds, Congo cultivar, and five seed lots, Crimson Sweet, evaluated by water content 

(WC), germination (G), first germination count (FGC), Emergence of seedlings (ES) and emergency speed index (ESI). 

Cultivar Lots WC (%) G (%) FGC (%) ES (%) ESI 

Congo 

1 6,2 91a 80b 84b 6,8b 

2 6,0 92a 89a 87a 7,8a 

3 6,5 91a 91a 85a 8,1a 

4 6,2 86a 70c 82c 6,1c 

 
CV(%) 

 
4,40 6,00 1,66 6,30 

Crimsom Sweet 

1 6,6 91a 77c 73c 7,2c 

2 6,7 89a 84b 82b 8,3b 

3 7,0 88a 65d 78c 7,3c 

4 6,6 90a 83b 85b 8,6b 

5 7,2 95a 89a 91a 9,2a 

 CV(%)  3,33 4,63 5,07 5,14 

*Means followed by the same letter in the column, for each cultivar, do not differ by the Scott-Knott test at 5% probability. 

 

However, in the first germination count, the test performance, regarding the stratification of the lots into 

different vigor levels, was similar to that observed by Costa et al. (2008), Casaroliet al. (2009), Morais 

andRossetto (2013) for kale seeds and cabbage-broccoli, pumpkin and forage turnip, respectively.The authors 

observed that the test has the potential to evaluate the physiological potential of seed lots. 

For the cultivar Congo, the lots 2 and 3 differed from the other lots. They were superior to the lots 1 and 4, 

with an average and low vigor, respectively. For the cultivar Crimson Sweet, the stratification of the lots 
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intovigor levels was also evident, classifying the lot 5 as high, 2 and 4 as average and 1 and 3 as low regarding 

vigor. 

The results of this study indicate a similarity of the results of first germination count and seedling 

emergence tests regarding the stratification of lotsinto different vigor levels, indicating the superiority of the 

physiological potential of seeds of the lots 2 and 3 of the cultivar Congo, and the lot 5 of the cultivar Crimson 

Sweet (Table 1).Costa et al. (2008) had already detected a sensitivity of the first germination count test in 

detecting small differences in the physiological potential between lots of kale seeds and cabbage-broccoli, with 

a potential for use as a vigor test for these species. Similar results were observed for melon seeds, cultivar 

Vereda, by Torres et al. (2009).  

Both seedling emergence and emergence speed index had the same performance regarding both 

cultivars.The lotswere classified into three levels of vigor. For the cultivar Congo, the tests evidenced the 

superiority of the lots 2 and 3, the average vigor of the lot 1 and the inferiority of the lot 4. However, for the 

cultivar Crimson Sweet, the lots 1 and 3 were low, the lots 2 and 4 were average and the lot 5 was high, 

differing from the other lots. 

Regarding the cultivar Crimson Sweet, the cold test did not show the same efficiency in the discrimination 

of lots at different levels of vigor as was observed for the cultivar Congo (Table 2). Probably, according to the 

results obtained in the cold test, it has not provided enough stress to watermelon seeds,cultivar Crimson Sweet. 

However, for the cultivar Congo, the test evidenced the lot 2 as having a high vigor level, 1 and 3 as having an 

average vigor level and lot 4 as having a low vigor level. 

For the variables shoot and root length, there were no significant differences among lots regarding the 

cultivar Congo (Table 2). However, it is noteworthy that, for the cultivar Crimson Sweet, root length showed a 

sensitivity to lot stratification similar to the results obtained for seedling emergence. However, for shoot length, 

the test separated the lots 2, 4 and 5 from the lots 1 and 3. The discrepancy between the results obtained in the 

tests suggests the need to conduct the largest number of tests as possible to classify the lots regarding 

physiological potential. This is because each test is based on a different principle and provides complementary 

information for decision-making regarding the final destination of each lot of seeds. 

The determination of post-emergence seedling shoot length (Tabela 2), for the cultivar Congo, showed a 

similarity among lots, as well as root length for the cultivar Crimson Sweet. However, the post-emergence shoot 

length, for the cultivar Crimson Sweet, highlighted the superiority of lots 1, 2 and 4 in relation to the lots 3 and 

5 regarding vigor. The post-emergence root length, for the cultivar Congo, detected a superiority of the lots 3 

and 4 in relation to lots 1 and 2. 

In general, the determination of shoot and root dry matter (Tabela 2) was not sufficiently effective to 

classify lots into different categories of vigor, showing a similarity among lots regarding physiological potential. 

Similarly, Braz andRosseto (2009) also found that the dry matter of the seedlings was not effective in 

classifying lots of sunflower seeds into different levels of vigor, showing that such determinations are not 

sensitive to the stratification of watermelon seed lots into different levels of vigor. 

In accelerated aging tests, both for the procedure using an unsaturated saline solution and the procedure 

using a saturated saline solution, it was possible to stratify the lots into three levels of vigor regarding both 

cultivars. A similar result was found by Torres andBezerraNeto (2009)upon studying annatto seeds. The study 

found that the accelerated aging test with a saturated solution of NaCl, for a period of 72 hours at 41°C, proved 

to be efficient to evaluate vigor. 

According to the physiological quality characterization of watermelon seed lots, it was found that there was 

a separation of lots into three levels of vigor in most tests, with a superiority of the lots 2 and 3, an average vigor 

for the lot 1 and an inferiority for the lot 4 of the cultivar Congo. For the cultivar Crimson Sweet, the lot 5 had a 

high vigor, the lots 2 and 4 were average and the lots 1 and 3 were low. 

 
Table 2: Average data of four lots of watermelon seeds cultivar Congo, and five lots of seeds cultivar Crimson Sweet evaluated by 

accelerated aging with unsaturated saline solution for 72 hours (AAUSS), accelerated aging with saturated saline solution for 72 

hours (AASSS), cold tests (CT), shoot (SL) and Root (RL) length, post-emergence seedling shoot (PES) and root (PER) length, 

shoot (SDM) and root (RDM) dry matter. 

Cultivar Lots 
 AAUSS 
(%) 

AASS 
(%) 

CT 
(%) 

SL 
(cm) 

RL 
(cm) 

PES 
(cm) 

PER 
(cm) 

SDM 
(mg) 

RDM 
(mg) 

Congo 

1 82b 83b 87b 8,31a 5,26a 5,97a 5,43b 32,5a 5,4a 

2 94a 94a 92a 7,86a 4,62a 5,4a 4,9b 33,0a 5,5a 

3 90a 90a 89b 7,98a 4,42a 5,68a 6,16a 33,6a 5,1a 

4 56c 59c 75c 6,46b 5,36a 5,15a 5,85a 33,8a 5,2a 

 CV% 3,72 4,62 3,30 10,11 15,52 6,17 11,04 4,68 4,61 

Crimson 
Sweet 

1 81c 83c 87a 8,10b 4,67c 7,54a 3,04a 16,5a 1,9a 

2 85b 87b 88a 9,41a 5,29b 7,45a 2,83a 16,2a 2,1a 

3 75c 80c 86a 8,07b 4,72c 6,83b 3,27a 14,3b 2,0a 
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4 87b 88b 87a 8,98a 5,73b 7,53a 3,28a 16,5a 2,2a 

5 93a 95a 89a 9,93a 6,79a 7,01b 3,23a 17,6a 1,6a 

 CV% 4,55 2,89 3,40 8,90 7,83 4,18 13,34 5,52 11,70 

*Means followed by the same letter in the column, for each cultivar, do not differ by the Scott-Knott test at 5% probability. 

 

Regarding the analysis of correlation coefficients between germination and vigor tests (Table 3), it can be 

observed that there was a significant correlation between germination and first germination count between and 

cold test and emergence speed index for the cultivar Congo, as also reported by Lima andAthanázio (2009) for 

carrot seeds. 

For the cultivar Crimson Sweet, the cold test, seedling emergence and shoot dry matter correlated with the 

results of the germination test. 

There was a significant positive correlation (Table 3) between the seedling emergence test and the first 

count test for both cultivars. In a study conducted on canola seed lots, Ávila et al. (2005) reported the 

occurrence of a correlation between the first count test, the modified cold test and the seedling emergence test in 

the field. Vanzoliniet al. (2007), studying soybean seeds, showed a significant correlation between the first 

germination count, root length and seedling emergence. 

The cold test, for the cultivar Crimson Sweet, was not positively associated with most vigor tests, except for 

seedling emergence. Braz andRossetto (2009), studying sunflower seeds, and Tunes et al. (2011), studying 

coriander seeds, also found that the cold test showed no significant correlation with emergency speed index, first 

germination count and seedling emergence. It is noteworthy that the cold test was not able to stratify the lots 

into vigor levels regarding this cultivar (Tabela 2). However, when analyzing the correlations of the cold test 

with other vigor tests, there was a different result for the cultivar Congo (Tabela 3). There were positive 

correlations among various tests, highlighting the first germination count (r = 0.74) and the emergence speed 

index (r = 0.71).  

It was found that there was a significant positive correlation between accelerated aging tests using 

unsaturated and saturated saline solution and the first germination count test for the cultivars Congo and 

Crimson Sweet (Tabela 3). This result is similar to that obtained by the mean comparison analysis (Tabela 2), 

where it was found that these tests were able to stratify the lots into vigor levels. 

For both cultivars, the post-emergence root length and root dry matter showed no significant correlations 

with the other variables (Tabela 3). 

 
Table 3: Linear correlations [Pearson correlation coefficient (r)] between variables related to the physiological quality of four lots of Congo 

watermelon seeds, and five lots of Crimson Sweet watermelon seeds. 

Cultivar Congo 

 
G FGC CT AAUSS AASS E ESI SL RL PES PER SDM 

FGC 0,59** 
       

    

CT 0,55* 0,74** 
      

    
AAUSS 0,56** 0,82** 0,88** 

     
    

AASS 0,65** 0,77** 0,87** 0,93** 
    

    

E 0,42ns 0,56** 0,67** 0,75** 0,76** 
   

    
ESI 0,59** 0,80** 0,71** 0,79** 0,72** 0,69** 

  
    

ESI 0,15ns 0,38ns 0,51* 0,62** 0,61** 0,52* 0,38ns 
 

    

ESI -0,05ns -0,57** -0,40ns -0,38ns -0,34ns -0,24ns -0,38ns 0,15ns     
PES 0,33ns 0,31ns 0,47* 0,32ns 0,42ns 0,41ns 0,38ns 0,39ns -0,04ns    

PER 0,01ns -0,13ns -0,20ns -0,23ns -0,26ns -0,18ns 0,17ns -0,22ns 0,09ns 0,20ns   

SDM -0,12ns 0,15ns -0,08ns -0,15ns -0,22ns -0,25ns -0,10ns -0,52* -0,46* -0,25ns -0,02ns  
RDM 0,28ns 0,03ns 0,18ns 0,21ns 0,23ns 0,06ns -0,14ns -0,18ns -0,03ns -0,19ns -0,38ns -0,02ns 

Cultivar Crimson Sweet 

 G FGC CT AAUSS AASS E ESI SL RL PES PER SDM 

FGC 0,38ns            

CT 0,47* 0,25ns           

AAUSS 0,39ns 0,85** 0,23ns          

AASS 0,52* 0,82** 0,16ns 0,83**         

E 0,49* 0,50* 0,55** 0,53* 0,56**        
ESI 0,41ns 0,71** 0,38ns 0,83** 0,73** 0,76**       

ESI -0,21ns 0,34ns 0,08ns 0,15ns -0,03ns -0,10ns 0,07ns      

ESI 0,13ns 0,02ns -0,01ns -0,11ns -0,08ns -0,28ns -0,32ns 0,02ns     
PES 0,12ns 0,25ns 0,33ns -0,04ns -0,04ns -0,08ns 0,01ns 0,39ns 0,22ns    

PER 0,09ns 0,31ns 0,02ns 0,27ns 0,38ns -0,07ns 0,15ns -0,01ns -0,20ns 0,34ns   

SDM 0,45* 0,75** 0,25ns 0,72** 0,72** 0,36ns 0,61** 0,14ns 0,12ns 0,21ns 0,27ns  
RDM -0,28ns -0,23ns -0,38ns -0,35ns -0,31ns -0,13ns -0,19ns 0,13ns -0,12ns 0,12ns -0,08ns -0,22ns 

**Significant by t test at 1% probability;*Significant by t test at 1% probability; ns not significant by t test. Germination (G), first 

germination count (FGC), cold tests (CT), accelerated aging with unsaturated saline solution for 72 hours (AAUSS), accelerated aging with 

saturated saline solution for 72 hours (AASSS), emergence of seedlings (ES) and emergency speed index (ESI), shoot (SL) and root (RL) 
length, post-emergence seedling shoot (PES) and root (PER) length, shoot (SDM) and root (RDM) dry matter. 
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The disparity between the stratificationtendency of lots obtained in different tests indicates the need to 

conduct the largest number of tests to classify the lots into vigor levels, for each test has different assumptions, 

evaluates different stages of the deterioration process and provides additional information for decision-making 

regarding the final destination of each lot of seeds. 

Overall, it was found that first germination count, emergency speed index and accelerated aging with 

saturated and unsaturated saline solutions were efficient in stratifying the lots of watermelon seeds into vigor 

levels. 

 

Conclusions: 

The first germination count, accelerated aging using saturated and unsaturated saline solution and the 

emergence speed index were efficient in the stratification of lots of watermelon seeds regarding vigor levels. 
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