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Abstract: The purpose of this study was to evaluate the relationship of tetrazolium salt testing to common indicators (milk line, 
black layer, dry matter) used to determine corn seed physiological maturity. The seeds used were the hybrids Pioneer 4285 and Dow 
2B587. These hybrids were harvested 40 days after polinization (DAP), with 4-day intervals until 68 DAP. The harvested seeds were 
evaluated for viability and vigor (germination test, accelerated aging test and cold test). The parameters used to determine the 
physiological seed’s maturity were the black layer, the milk line, the seed dry matter, seed water content and the evaluation of seed 
tissues using the tetrazolium salt to evaluate the endosperm cells. The germination of both materials was greater than 95% and there 
was no difference between harvest times. Corn seed physiological maturity (PM) was identified at 56 DAP for P4285 (F2) and 
between 48 and 56 DAP for 2B587 (F2). The maximum vigor was detected by accelerated aging tests and cold tests before PM for 
the two genotypes. The activity of endosperm cells is related to the other PM indicators (milk line, black layer, dry matter and water 
content). The transport of nutrients from plant to the seed ceases at seed physiological maturity. Use of tetrazolium salt allows 
identifying cell death of the basal region and this parameter corresponds to the others evaluated, thus demonstrating that the 
tetrazolium salt is effective for corn seed physiological maturity characterization. 
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1. Introduction 

Prediction of physiological maturity is essential to 

determine the seed harvest time. Since 1950 many 

investigators have been working with different 

methodologies and species. In corn some techniques 

were developed such as: black layer and milk line [1]. 

But never before the tetrazolium salt was used with 

this propose. 

The first attempt to identify the physiological 

maturity (PM) in corn was determining the point crop 

at which the seed has the maximum dry matter (DM) 

[2]. This method was later improved by adding a 

parameter called the black layer which is a thin layer 

in the kernel basal area that develops simultaneously 

to physiological maturity [3]. Other researchers also 

studied the black layer and added information about 
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the correlation between seed water content, dry matter, 

period of formation and environmental influence [3-8]. 

Following, researchers related the solidification of the 

endosperm through the seed from the top to the base 

and created a new parameter, the milk line [9]. The 

description of the milk line was described in 5 stages 

and correlated to the black layer, seed water content 

and dry matter [1]. 

As physiological maturity was conceptualized, the 

research moved through the seed quality and the 

relationship between seed quality and PM. The best 

values of germination and seed vigor (accelerated 

aging, cold test and electrical conductivity) were 

found between stages 3 and 4 of the milk line and 

black layer [1, 10]. In addition, more tests were 

conducted relating indicators of the PM (black layer, 

milk line) to seed vigor (cold test and conductivity) 

over a wide range of genotypes and environments. 

The conclusion was that maximum seed vigor can be 

reached at different times for single cross, double 
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1 = No pigmentation of the basal endosperm or 

tissue adjacent to the pedicel placental region has 

occurred; the tissue has a translucent appearance. 

2 = The region between the embryo and the 

pedicel-placental region has a translucent appearance 

and is becoming brown or olive-grey, with darker 

bands or zones sometimes occurring adjacent to the 

embryo and/or the pedicel-placental region. 

3 = The tissue between the embryo base and the 

pedicel-placental region is thinner and darker than 

stage 2. 

4 = A thin dark brown band reaches across the 

entire base of the kernel. 

5 = Black layer development is complete: a thin 

black layer extends across the entire base of the 

kernel. 

The same 5 ears collected and used to identify the 

milk line and black layer were used to test the 

endosperm by the tetrazolium salt method, 

electrophoresis, water content, dry matter and 

germination test. 

To evaluate the activity in the endosperm by 

tetrazolium salt, 4 replications of 50 seeds were used. 

The seeds were cut longitudinally through the embryo 

and immersed in aqueous solution 0.075% of 

tetrazolium salt for two hours at 40 ºC [17, 18]. After 

the procedure, the seeds were evaluated by coloration 

in the pedicel-placental and basal endosperm. The 

results of the coloration were expressed in percentage 

of seeds with alive endosperm (SEA). 

The enzyme activity was also analyzed using one 

sample of 10 seeds from each treatment. The seeds 

were soaked in the presence of the antioxidant PVP 

and liquid nitrogen. Then, protein was extracted using 

a buffer of potassium phosphate 100 mM (pH 7.5) + 1 

mM ethylenediaminetetraacetic acid (EDTA) + 3 mM 

DL-Ditiotreitol (DTT) in the proportion 3:1 

(buffer/fresh weight). The homogenization followed 

by centrifugation at 10,000 rpm for 30 minutes at 4 °C. 

The concentration of total proteins was determined 

with BSA (bovine serum albumin) as is standard, and 

spectrophotometry at 595 nm [19]. The 

electrophoretic technique was performed in 

polyacrylamide gels system at 12% (separating gel) 

and 5% (concentrating gel). In each band of the gel 40 

g of protein was applied. The gel/electrode system 

used was Tris-glycine pH 8.3 addicted of 20% 

solution 192 mM of glycine at 5 ºC in constant current 

20 mA·gel-1. Gel was developed for enzyme catalase 

[20]. For the isoenzymes expression, visual analysis of 

the expression bands was performed. 

The water content was determined by drying 4 

replications of 50 seeds at 105 ºC ± 3 ºC for 24 hours 

[18], and the results were expressed in percentage of 

water. The seed dry matter (DM) obtained was 

divided by 50 to identify the average of dry matter for 

each seed. 

The germination test used 4 replications of 50 seeds 

put in paper with water content 2.5× the fresh paper 

weight, then placed in the germinator at 25 ºC and 

evaluated on the 4th and 7th days, for results were 

expressed in percentage of normal seedling [18].  

At the same time, 15 more ears were harvested and 

dried to procedure for the germination test, aging 

accelerated and cold test. The harvested ears were put 

in a heater at 35 ºC until 25% water content and then 

at 41 ºC until 12% water content. Hand threshed 

followed. 

The germination test occurred the same way as 

mentioned before but now with dry seeds instead of 

seeds with high water content. 

The aging accelerated test occurred with 4 

replications of 50 seeds put in plastic boxes (11 cm × 

11 cm × 3 cm) above aluminum tile and with 40 mL 

of distillated water, put in a chamber at 41 ºC for 72 

hours. This was followed by a germination test and 

the results were given in percentage of normal 

seedlings.  

The cold test was realized with 4 replications of 50 

seeds in rolled towels moistened with 2.5× fresh 

weight paper and incubated for 7 days at 10 ºC and 

then 4 days at 25 ºC. The results were given in 
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percentage of normal seedling [21]. 

2.4 Statistical Design 

In the field a randomized blocks design was used 

with 6 blocks and 8 treatments each, in the moment 

when the harvest determined the water content, milk 

line, black layer, dry matter, enzyme electrophorese 

and the tetrazolium salt test. To evaluate the seed 

quality (germination test, aging accelerated, cold test) 

the seeds were homogenized and the tests were 

performed in a completely randomized design with 4 

replications of 50 seeds. The data were processed by 

SAS® statistical software and the means were 

submitted to Fisher test. The means with significant 

variance were compared by Tukey test with 0.95 of 

confidence.  

3. Results and Discussion 

The maximum dry matter was found at 56 DAP for 

P4285 (F2) with 308 mg·seed-1, and 52 DAP for 

2B587 (F2) with 267 mg·seed-1 (Table 1). 

The seed water content declined during the process 

of maturation, decreasing to 41.0% for 26.6% for 

P4285 (F2) and 40.4% to 20.2% for 2B587 (F2). The 

water content in the seed at the moment of PM was 

32.1% for P4284 (F2) and 31.2% for 2B587 (F2). 

The regression analysis between dry matter (DM) 

and days after pollination (DAP) shows a quadratic 

relationship (Fig. 2) r² = 0.66 for P4285 (F2) and r² = 

0.41 for 2B587 (F2), this analysis has an accumulation 

of dry matter over physiological maturity (PM). 

The milk line at stage 4, shows the physiological 

maturity (PM) for P4285 (F2) and 2B587 (F2) at 56 

DAP and 48 DAP, respectively (Fig. 3). In addition, 

the black line was in stage 4 at 52 DAP for both. 

When the harvest samples of seeds were put in the 

germination test with water content (GTMS) after the 

first four harvests for P4285 (F2), they showed low  
 

Table 1  Corn seeds, genotypes P4285 (F2) and 2B587 (F2) results of: water content (WC), germination test with moist seed 
(GTMS) and after the drying (GTD), aging accelerated test (AA), seed with endosperm alive (SEA), dry matter (DM), black 
layer (BL) and milk line (ML). 

 P4285 (F2) 

  WC GTMS   GTD   AA  CT  SEA DM   BL ML 

DAP % mg  

40  41.0 0 a 99 a 94 b 99 a 100 254 f 1 1 

44  39.3 1 b 99 a 94 b 99 a 100 269 e 2 2 

48  36.7 14 c 98 a 98 a 99 a 98.17 296 d 3 3 

52  34.8 17 c 100 a 96 a b 98 a 79.33 302 c d 4 4 

56  32.1 35 d 99 a 98 a 99 a 10.67 308 a b c 5 4 

60  31.5 53 e 99 a 96 a b 98 a 2.75 313 a b 5 5 

64  29.1 73 f 99 a 98 a 99 a 0.08 320 a 5 5 

68  26.6 88 g 98 a 99 a 98 a 0.00 298 d 5 5 

CV %   4.21   0.72   1.80  1.99    3.27       

 2B587 (F2) 

40  40.4 68 b 98 a  99 a 98 a 100 232 d 3 3 

44  38.3 72 b 99 a 98 a 99 a 96,7 245 c 4 3 

48  35.2 90 a 98 a 95 a b 98 a b 89,33 248 c 4 4 

52  31.2 98 a 98 a 92 a b 89 a b 75,08 267 a b 4 5 

56  29.6 98 a 98 a 95 a b 91 a b 19,58 260 b 5 5 

60  28.6 97 a 91 a b 90 a b 90 a b 4,25 270 a  5 5 

64  23.8 95 a 92 a b 87 b 89 a b 0,08 267 a b 5 5 

68  20.2 88 a 90 b 85 b 86 b 0,00 261 b 5 5 

CV %   7.29   4.86   6.09   5.41     3.70       

* Averages with the same letter do not have statistical difference by Tukey test p ≤ 0.05. 
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Fig. 7  Catalase electrophoresis of corn seeds of 2B587 (F2). 
 

trustworthy method to correlate the activity of 

tetrazolium salt in the endosperm tissue with the other 

indicators; ML, BL and DM. After conducting 

research, the tetrazolium salt showed a good 

performance and correlated with DM, ML and BL 

positively. The rating was r2 = 0.63, r2 = 0.80 and r2 = 

0.90 respectively of P4285 (F2). In complement, for 

the 2B587 (F2) it was r2 = 0.91, r2 = 0.91 and r2 = 

0.88. 

The DM showed an increase and then a stabilization 

at the PM. This data is supported by many other 

authors, but the problem with this parameter is that it 

is impossible to predict the harvest time until this 

point is achieved [3, 6, 9, 22]. 

The black layer was found to be independent of the 

kind of genotype or the year cultivated [4-8]. For the 

two materials evaluated in this study, the black layer 

developed consistently with the reports mentioned 

before. Both materials completed the formation of the 

black layer at 56 DAP. 

In addition, the milk line (ML) determines stage 4 

to be the ideal in identifying the PM [1]. This showed 

P4285 (F2) consolidated at 56 DAP and the 2B587 

(F2) at 48 DAP.  

Furthermore, black layer and milk line had a 

positive correlation: r2 = 0.95 of P4285 (F2) and r2 = 

0.74 of 2B587 (F2). The ML and the dry matter (DM) 

for P4285 (F2) and 2B587 (F2) had a positive 

correlation: r2 =0.91 and r2 =0.86, respectively. For 

the BL and DM: r2 = 0.91 and 0.76. Therefore, these 

three components are connected to determine the 

physiological maturity. 

Over several years, extensive research with inbred, 

single hybrids, double hybrids and varieties concludes 

that BL and ML are correlated to PM and the 

maximum germination and vigor of the seeds [11]. In 

this way, both materials evaluated were found to have 

maximum vigor by the aging accelerated test at 48 

DAP with 98% of germination for P4285 (F2) and at 

40 DAP and 99% of germination for 2B587 (F2). In 

addition, the maximum germination was achieved at 

40 DAP for both. 

Additionally, investigation conducted in Brazil [23] 

confirmed the maximum quality of the seeds of single 

hybrids harvested at stage 4 in the ML. 

It is also possible to find the PM of P4285 (F2) at 

56 DAP where the DM was at the maximum, the BL 

at stage 5, and the ML at stage 4. The tetrazolium 

method indicated 89.03% with no activity in the 

endosperm. The 2B587 (F2) achieved the maximum 

DM at 52 DAP, the BL stage 4 at 52 DAP, the ML at 

stage 4 at 48 DAP, and the tetrazolium method 

showed at 56 DAP 80.42% with no activity in the 

endosperm. Thus, the PM was found to be between 48 

and 56 DAP. 

To confirm this data, the electrophoresis showed an 

improvement of the catalase activity after 56 DAP for 

the P4285 (F2) and at 56 DAP for the 2B587 (F2). 

Both materials presented maximum vigor and 

germination before PM. The P4285 (F2) achieved 

maximum vigor 8 days before PM and 16 days before 

the best germination. With the 2B587, the PM 

averaged between 48 and 56 DAP, so at 52 DAP, the 

maximum vigor and germination was found 12 days 
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prior. 

Therefore, the identification of PM gives the 

opportunity to harvest the seed at the right moment for 

highest quality. In both cases, it was shown that 

maximum vigor and germination was achieved before 

the PM. It is possible to anticipate the harvest date to 

guarantee quality. Knowing when to harvest material 

at its highest quality saves money by reducing product 

loss from water content damage and disease, and less 

days are spent in the fields. In addition, the material 

2B587 (F2) demonstrated the effect of delay on 

harvest. For this genotype, the first harvesting showed 

high quality and best performance. In the late periods 

of harvest, a reduction in the germination test and 

vigor test (Fig. 4), was shown caused by diseases. 

4. Conclusion 

The tetrazolium salt is efficient to identify 

physiological maturity of corn seeds and has positive 

correlation with other evaluations as: black layer, milk 

line and maximum dry matter.  
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