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Germination and vigor of canola seeds after storage
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Abstract: Despite the economic potential that canola (Brassica napus L. var. oleifera) has, as the variables related to the evaluation of the protein quality of this culture are still scarce. The objective was to evaluate the germination and vigor of two canola cultivars, Hyola 61 and Hyola 571 CL, stored for 120 days at 4 ºC. After 0, 60 and 120 days of storage the grain quality was evaluated by means of tests of germination, seedling length and emergence velocity index (EVI) on sand substrate. The experiment was conducted in a completely randomized design in factorial 2x3 (cultivars x storage parts) with four replicates. The data were submited to variance analysis and the means were compared by the Tukey test (p ≤ 0.05). Germination, seedling length and emergency velocity index (EVI) tests are useful for estimating the period in which the seeds begin to lose their viability. Germination and vigor of canola seeds, regardless of cultivar, decreased throughout storage.
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Introdução 
	
Canola (Brassica napus L. var. oleifera) is the third most produced oilseed in the world, with estimated production in Brazil of 40,800 tons in the 2017 harvest (Conab, 2018). In addition to producing grains and edible vegetable oil, canola can also be used in the production of biodiesel and in crop rotation systems, mainly with wheat, seeking agricultural diversification and plant cover (Tomm et al., 2009).
However, for seedlings implantation, seed vigor is one of the main characteristics of the physiological quality to be considered (Sheeren et al., 2010). According to Costa et al. (2010), the ability of a seed to maintain its longevity during storage will depend on the species and its initial quality.
According to Hartmann Filho et al. (2016) the adequate storage is fundamental for the maintenance of the physiological quality of the seed, guaranteeing its vigor until sowing. Fanan et al. (2009) reported that oil-rich seeds lose viability more easily than seeds rich in proteins and carbohydrates, thus compromising storage time a moderate increase in temperature as a consequence of the respiratory process of the seed is enough to elevate the  deterioration process, caused by the decomposition of lipids.
Most of the time, after the harvest, temperature is one of the main factors that will interfere with the storage of the seeds, because if it is not properly adjusted, deterioration will be inevitable. A technique that can be used to storage at low temperatures, which aims to preserve seed quality for longer periods, minimizing the loss of vigor (Park et al., 2012).
The cooling during storage slows the metabolic and biochemical reactions, allowing maintenance of the initial characteristics of the seed storage (Donazzolo et al., 2015). Studies have already been carried out with corn and soybean crops (Paraginski et al., 2015; Coradi et al., 2015) indicating that packaging at low temperatures may be the best alternative to preserve seed quality. According to Santos et al. (2016) the effect of the relative humidity of the air added with the storage temperature is what will determine the behavior of the biotic agents of the system, resulting in a safe storage or product losses.
In Brazil, there are still many difficulties for diffusion of canola, mainly regarding the development of new technologies of production. The Brazilian demand for canola cultivation increased the incentive for new research, however, technical and scientific information regarding its management is still very scarce, and therefore more precise information must be obtained and disseminated (Battisti et al., 2013). Aiming to elucidate the behavior of canola seeds when stored under low temperature, we aimed to evaluate the germination and vigor of the seeds during 120 days of storage at 4 ºC.

Methods
The experiment was conducted between June and September 2015 in Erechim/RS (27° 37'50 "S, 52°14'11" W, altitude: 753 m). Two cultivars of canola, Hyola 61 and Hyola 571 CL were used, and these were donated by the Brazilian Agricultural Research Corporation - Embrapa Trigo - Passo Fundo/RS. The seeds are commercial hybrids imported from Australia and, when delivered to Embrapa Wheat, were kept in a cold room at 5 ° C.
The mean moisture of the seed lots was 6.5%. The mean temperature (4 °C) and relative air humidity (3.3%) in the storage environment, during the period of conduction of the experiment, were measured by means of a digital thermohygrometer.
To evaluate the storage effects on the physiological quality of canola seeds, small samples of each cultivar (approximately 10 grams) were stored in tissue bags and kept in refrigerator at 4° C for 120 days. After each storage period (0, 60, and 120 days), the seeds were evaluated for quality by the following tests:
Germination test: 200 seeds of each cultivar were used, according to the methodology adapted from the Rules for Seed Analysis - RAS (Brazil, 2009), divided into four replicates of 50 seeds, in germitest paper moistened with distilled water in the proportion of 2,5 times the weight of the paper. Then, the paper containing the seeds was rolled and the samples were conditioned in a germination chamber at 20 ± 2° C and photoperiod of 12 h.
Two counts were performed on the fifth and seventh days (Brazil, 2009). The germination results were expressed as percentage (%) of normal seedlings.
Seedling length: 40 seeds of each cultivar were used, four replicates of 10 seeds, distributed in a germitest paper roll moistened with distilled water in the ratio 2.5 times the dry paper weight. These were placed in a germination chamber at 20 ± 2° C and photoperiod of 12 h and, after five days, the total length (cm, centimeters) of the germinated seedlings, as described by Nakagawa (1999), was evaluated.
Emergency Speed ​​Index (IVE): was sterilized (twice in an autoclave at 120° C ± 1 atm, with a 24 h interval) in the laboratory, with 200 seeds of each cultivar, distributed in four replicates of 50 seeds. The evaluations were performed daily by counting the number of seedlings that showed visible cotyledon leaves. At the end of the test, with the daily data on the number of emerged seedlings, the rate of emergency speed (IVE) was calculated according to Maguire (1962).
The experimental design was completely randomized in a 2 x 3 factorial scheme (cultivars x storage periods) with four replications. Each cultivar was analyzed individually with its respective lots. The data were submitted to analysis of variance and the means were compared by the Tukey test (p ≤ 0.05). The analyzes were performed using the statistical software SISVAR v. 4.0 (Ferreira, 2000).

Results and discussion
According to the analysis of variance, significant interaction can be observed in relation to the cultivars and all variables analyzed (table 1, 2 and 3).
In relation to the germination of the seeds (table 1), it was observed that the cultivar Hyola 61 presented difference only at 120 days of storage, unlike the cultivar Hyola 571 CL that suffered a decrease of the germination of the seeds during each storage period. In addition, when comparing the cultivars within each storage period, it was verified that there was a significant difference at 60 and 120 days.
Similar results were observed by Zucareli et al. (2015), which evaluated the quality of carioca beans after storage periods (0, 6, 12 and 18 months), found that there was a reduction in the physiological quality of the seeds during storage. Silva et al. (2010) obtained the same results by assessing the viability of storage in rice, maize and beans seeds, in which the germination and vigor of the seeds of all species analyzed decreased over the storage period.
[bookmark: _gjdgxs]In contrast, Freiberg et al. (2017) evaluating the physical and physiological quality of wheat seeds, verified that regardless of the treatment, the germination was not effective to evaluate the seeds for vigor. Demito & Afonso (2009) verified that germination was maintained during storage, according to the commercial standard.
Santos et al. (2011) evaluating the physiological potential of soybean seeds through several tests, sought to identify the most efficient procedure for seed separation at vigor levels, and no significant difference was observed in the germination test. The same was verified by Freitas et al. (2011), who emphasized that the germination test, although standardized, is not informative about the various aspects of the physiological quality of the seeds, since they can germinate even not having the potential to emerge and become a normal seedling.
According to Medina et al. (2009), high germination potentials, as in this work, would not necessarily indicate that the cultivars have high vigor, since the germination test is carried out under controlled conditions of temperature, light, substrate and humidity, allowing the seeds to express their maximum potential to produce normal seedlings.
Corroborating with this study, Cardoso et al. (2012) evaluated the physiological potential of crambe seeds in different packages and storage periods and concluded that seed performance in the seedling length test decreased with increasing storage time
In relation to the seedling length variable (Table 2), it was observed that the seeds of both cultivars obtained a reduction in the length of the seedling over the storage period. Comparing the cultivars with each other, we can observe that the highest seedling length, independent of the storage period, was verified with Hyola 571 CL.
Corroborating with this study, Cardoso et al. (2012) evaluated the physiological potential of crambe seeds in different packages and storage periods and concluded that the seed performance in the seedling length test decreased with increasing storage time.
According to Toledo et al. (2009), the reduction of seed quality is evidenced by the decrease in germination percentage, reduction in vigor, decrease of seedling length and increase of abnormal seedlings. Cunha et al. (2009), cites that the deterioration of the seeds can intensify, even in environments with low temperatures, with the prolongation of the storage period.
In relation to the rate of emergence (IVE), the results indicated that there was a decrease in the vigor of the seedlings from the initial period to the end of storage in both cultivars, which resulted in the loss of viability of the canola seeds (Table 3). It is noted that comparing the cultivars, the Hyola 571 CL again presents the best indexes, regardless of the storage period.






Table 1. Germination (%) of canola seeds, cvs. Hyola 61 and Hyola 571 CL, depending on storage periods (0, 60 and 120 days).
	
Cultivars
	Storage period (days)

	
	0
	60
	120

	Hyola 61
Hyola 571 CL
	98,0 aA
98,0 aA
	98,0 aA
92,0 bB
	86,0 bB
90,0 aC

	Average
CV (%)
	94,0
2,28



* Averages followed by the same lowercase letter in the column and upper case in the row do not differ significantly by the Tukey test (p ≤ 0.05).
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Table 2. Length of seedlings (cm) of canola seeds, cvs. Hyola 61 and Hyola 571 CL, depending on storage periods (0, 60 and 120 days).
	
Cultivars
	Storage period (days)

	
	0
	60
	120

	Hyola 61
Hyola 571 CL
	6,79 bA
9,14 aA
	6,65 bB
9,01 aB
	6,28 bC
7,49 aC

	Average
CV (%)
	7,56
2,64



* Averages followed by the same lowercase letter in the column and upper case in the row do not differ significantly by the Tukey test (p ≤ 0.05).






Table 3. Emergency speed index (IVE) of canola seeds, cvs. Hyola 61 and Hyola 571 CL, depending on storage periods (0, 60 and 120 days).
	
Cultivars
	Storage period (days)

	
	0
	60
	120

	Hyola 61
Hyola 571 CL
	60,45 bA
66,05 aA
	45,24 bB
55,62 aB
	40,23 bC
50,74 aC

	Average
CV (%)
	53,05
1,89



* Averages followed by the same lowercase letter in the column and upper case in the row do not differ significantly by the Tukey test (p ≤ 0.05).


According to Marcos Filho (2015), the greatest limitation of the germination test is its inability to detect differences in physiological potential among cultivars with high germination, indicating the need to complement this information with the results of vigor tests, a fact that was observed under the conditions study.
Lopes & Mauri (2012) obtained similar results when comparing the physical and physiological quality of organic and conventional broccoli seeds (Brassica oleracea L. var. italica Plenk). In this case, the authors verified that the tests of speed index of emergency, field emergence and length of seedlings were the most efficient in separating seed lots at vigor levels than the other tests.
According to Mendes et al. (2010) the use of vigor tests in seed quality control programs is ideal for most crops of economic interest. Still, with the performance of these vigor tests, there is greater precision in the results, which may give more safety to traders who need to choose seed cultivars of better physiological quality.

Conclusions
The germination, seedling length and emergency velocity index (IVE) tests, after storage of the canola seeds, are efficient to estimate the period in which the seeds begin to lose their viability.
Germination and vigor of canola seeds, regardless of cultivar, decreased throughout storage.
Among the cultivars studied, Hyola 571 CL has the best vigor indexes.
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