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ABSTRACT: The physiological priming has been used to standardize and increase the speed 
of development of seed lots. The use of this technique is essential in coffee cultivation, as 
the crop has low longevity associated with slow and uneven germination.  The objective was 
to evaluate the effect of physiological priming on the physiological quality of coffee seeds 
stored with different water contents. Seeds of two cultivars of Coffea arabica were used: 
cv. Catuaí Vermelho IAC144 and Topázio MG1190. A portion of the seeds were dried in the 
shade until reaching 12% moisture, and the other did not undergo drying. The seeds were 
stored in a cold chamber at 10 °C for nine months. Every three months, the physiological 
priming technique was performed with subsequent evaluation of the physiological quality 
by germination tests, root protrusion, normal seedlings at fifteen days, strong normal 
seedlings, seedlings with expanded cotyledonary leaves and seedling dry weight. Seeds 
that did not undergo drying subjected to the physiological priming technique maintained 
physiological quality after nine months of storage.  Physiological priming was detrimental to 
dry seeds stored for nine months.

Index terms: Coffea arabica, hidropriming, water content, storage.

RESUMO: O condicionamento fisiológico é utilizado para uniformizar e aumentar a 
velocidade de desenvolvimento de lotes de sementes. Essa técnica é essencial na 
cafeicultura, pois a cultura apresenta baixa longevidade associada à germinação lenta e 
desuniforme. O objetivo foi avaliar a influência do condicionamento fisiológico na qualidade 
fisiológica de sementes de café armazenadas com diferentes teores de água. Sementes de 
duas cultivares Coffea arabica: cv. Catuaí Vermelho IAC144 e Topázio MG1190. Uma porção 
das sementes foram secas a sombra até 12% e a outra parte não passou por processo de 
secagem. As sementes foram armazenadas em câmara fria a 10 °C durante nove meses. A 
cada três meses de armazenamento, foi realizada a técnica de condicionamento fisiológico, 
com posterior avaliação da qualidade fisiológica pelos testes de germinação, protrusão 
radicular, plântulas normais aos quinze dias, plântulas normais fortes, plântulas com folhas 
cotiledonares expandidas e massa seca de plântulas. As sementes que não passaram pelo 
processo de secagem e submetidas ao condicionamento fisiológico, mantêm a qualidade 
fisiológica após nove meses de armazenamento. O condicionamento fisiológico é prejudicial 
às sementes secas armazenadas durante nove meses.

Termos para indexação: Coffea arabica, hidrocondicionamento, teor de água, armazenamento.
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INTRODUCTION

Coffee is considered one of the most important agricultural products, with great importance in the national and 
international markets. Brazil is the largest coffee producer in the world, and this industry has a strong impact on the 
country’s economy (CONAB, 2020).

Coffee plants are propagated using seedlings obtained from seeds; therefore, the use of quality seeds is a 
determinant production factor. According to Ellis et al. (1990), coffee seeds are considered difficult to preserve due to 
their sensitivity to desiccation, which is classified as intermediate, i.e., they tolerate partial water loss during drying (up 
to 12% wet base) but do not tolerate storage at low temperatures (< 15 °C). 

Thus, techniques performed before sowing that allow better storage of these seeds are desirable. The attempt to 
develop techniques to accelerate germination and promote uniform seedling development is of great importance for 
coffee growers because allow sowing at better times for seedling development.

The priming technique is based on controlling seed hydration to a level that allows the initiation of all germination 
preparatory processes, but without the occurrence of cell elongation and the consequent radicle protrusion. Thus, at 
the end of priming, all seeds are expected to reach the same phase of the imbibition curve without reaching the radicle 
protrusion (Marcos-Filho, 2015).

Physiological priming, also called seed conditioning, is a presowing treatment to improve the speed and synchronicity 
of seed germination. The positive uses of using this technique has been seen in several species, with improvements 
in seed germination capacity and greater seed uniformity and vigor, such as Armondes et al. (2016) studying cabbage, 
Ruttanaruangboworn et al. (2017) investigating rice, Abid et al. (2018) with wheat and Arif et al. (2014) studying soybean seeds.

Several studies have been conducted with coffee using the physiological priming technique in an attempt to increase 
coffee seed germination, mainly investigating the temperature and physiological priming time in order to establish a 
suitable method for the species (Lima et al., 2004; Carvalho et al., 2012; Kikuti et al., 2013; Carvalho et al., 2014).

However, there are still few studies on coffee seeds that evaluate the effect of the physiological priming technique 
on seed quality in different phases of the storage and whether seed water content affects the worth of this technique. 
Thus, the objective of this study was to evaluate the effect of physiological priming on the physiological quality of seeds 
of two Coffea arabica cultivars stored with different water contents.

MATERIAL AND METHODS

The study was conducted at the Central Seed Laboratory of the Department of Agriculture of Universidade Federal 
de Lavras (UFLA). We used seeds from the 2017 harvest of Coffea arabica L. cultivars Catuaí Vermelho IAC 144 and 
Topázio MG 1190, provided by the Empresa de Pesquisa Agropecuária de Minas Gerais (EPAMIG).

Seeds with two water contents were used: freshly harvested wet seeds that were already marketed by the company, 
with 39% and 41% water content for Catuaí Vermelho IAC 144 and Topázio MG 1190, respectively, and seeds dried in 
the shade until reaching a water content 12%.

After obtaining the seeds with the two water contents, they were placed in conventional raffia bags and packed in 
impermeable plastic bags. The bags were stored in a cold chamber at 10 °C, and samples were collected every three 
months for nine months to determine the physiological quality of the seeds.

During the study period, the physiological priming technique was also performed in portions of the seeds in the 
two water-content groups. The technique was performed at the end of each storage period by removing 550 seeds and 
putting them in Erlenmeyer flasks with 400 mL of distilled water. The flasks were connected to a vacuum pump with 
plastic hoses for aeration of the internal environment and placed in a biochemical oxygen demand (BOD) chamber at 
25 °C for seven days and the seeds was evaluated without drying. After this period, physiological quality evaluations 
were performed according to the tests and determinations described below. 
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Water content determination: the water content was determined before performing the physiological priming 
technique using the oven drying method at 105 °C for 24 h (Brasil, 2009), with two 20 g samples. The results, based on 
the wet weight, are expressed as percentages.

Germination test: this test was performed using four replicates of fifty seeds without the parchment, distributed on 
germination paper and moistened with an amount of water equivalent to 2.5 times the dry weight of the paper, with 
replacement of water according to necessary. The seeds were kept in a regulated germinator at 30 °C, and the percentage 
of normal seedlings was evaluated after 30 days, according to the criteria of the Rules for Seed Testing (Brasil, 2009).

Radicle protrusion: at fifteen days after the start of the germination test, the seedlings showing radicle emission 
were counted, and the results were expressed as percentages.

Normal seedlings at day 15: performed at fifteen days after the start of the germination test, when the normal 
seedlings, with a primary root and well-defined lateral roots, were counted according to the criteria of the Rules for 
Seed Testing (Brasil, 2009).

Strong normal seedlings: performed thirty days after the start of the germination test, the strong normal seedlings 
were evaluated according to the length of the hypocotyl axis. The plants considered strong normal were those with ≥ 
3 cm in length.

Seedlings with expanded cotyledonary leaves: the evaluation was performed 45 days after the start of the 
germination test, when the seedlings with fully expanded cotyledonary leaves were counted. The results are expressed 
as percentages.

Seedling dry weight: performed 45 days after the beginning of the germination test, the normal seedlings were 
separated, stored in paper bags, and placed in a forced-air oven at 60 °C for five days. After this period, the root and 
shoot dry weight and of the seedlings were determined, and the results are expressed in grams per seedling.

Experimental design and statistical analyses: the experimental design was completely randomized in a 4 x 4 
factorial arrangement, with four seeds treatment (dry seeds primed, dry seeds unprimed, wet seeds primed and wet 
seeds unprimed) and four storage periods (0, 3, 6 and 9 months) for each cultivar. The data were subjected to analysis 
of variance and using the Scott-Knott test at the 5% significance level and analysis of regression at 5% probability was 
performed for storage periods, within SISVAR® software (Ferreira, 2014). 

RESULTS AND DISCUSSION

The seeds water content average values of two cultivars used in the study, determined after each storage period 
are contained in Table 1. It is possible to observe that the water content of the seeds did not change during storage, 
due to the type of used packaging, with values close to 39% and 41% for wet seeds (Catuaí Vermelho and Topázio, 
respectively) and 12% for dry seeds, with difference of less than 0.5% between the lowest and highest values. This 
uniformity ensured reliable evaluations of the seed’s physiological potential. 

Due to the results of the analysis of variance, there was a double interaction between seed treatment and storage 
period for all variables analyzed in the evaluation of the physiological quality of the seeds of the cultivar Catuaí 
Vermelho. In the root protrusion test, it is possible to observe that, for the cultivar in discussion, the physiological 
priming technique affected the quality of dry seeds in most of the storage months evaluated, with the exception of six 
months. For wet seeds of the cultivar Catuaí Vermelho, there was no difference between those that were submitted to 
priming and unprimed seeds (Figure 1).

The results of the germination test confirm that the use of the physiological priming technique in seeds with 
low water content (12%) affects seedling development, where after three months of storage, they had the lowest 
germination values when compared to other treatments (Figure 2).

The percentage of germination of primed wet seeds, and wet ones without priming, were very close, with no 
difference between them during the nine months of storage. Similarly, Carvalho et al. (2012), when using the physiological 
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Table 1. Seeds water content average values (wb*) of different Coffea arabica cultivars obtained after each storage period.

Cultivar Storage (months)
Moisture (%)

Wet Dry

Catuaí Vermelho IAC 144

0 39.17 12.89
3 39.16 12.58
6 39.44 12.99
9 39.06 12.91

Topázio MG 1190

0 41.01 12.30
3 41.08 12.15
6 41.48 12.34
9 41.11 12.12

 wb*: wet base

Figure 1. Percentage of radicle protrusion from seeds of Coffea arabica cv. Catuaí Vermelho with different moisture 
levels and subjected to physiological priming throughout storage.

Figure 2. Percentage of germination from seeds of Coffea arabica cv. Catuaí Vermelho with different moisture levels 
and subjected to physiological priming throughout storage.

priming technique in solid matrix, did not find differences in the germination percentage of Coffea arabica seeds after 
eight days of priming. Dry seeds unprimed also showed a close trend, with a fall after six months (Figure 2).
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Marcos-Filho (2015) reports that rapid hydration of seeds can cause damage, with death of surface cells and greater 
loss of exudates. The fact that the dried seeds had low water content when coming into direct contact with water may 
have caused such damage to the seeds. This explains what was found in our study, where the dry seeds presented 
lower percentages of germination test and radicular protrusion than the wet seeds, both subjected to the physiological 
priming technique.

In the evaluation of normal seedlings at fifteen days (Figure 3), higher percentages are observed for those primed 
seeds, regardless of the storage period evaluated. This shows that the technique was efficient in accelerating seedling 
development, though this process was more favorable to the development of wet seeds than dry seeds.

Anese et al. (2011), working with tomato seeds, found that the hydropriming technique, that is, imbibition of seeds 
only in water, was favorable to seedling development. Lima et al. (2004) also found that physiological priming in water 
promotes greater germination and vigor in coffee seeds, in line with what was seen in this study.

The results show that the unprimed dry and wet seeds showed normal seedling values at fifteen days, close to zero, 
for all evaluated storage periods. The primed seeds obtained a significant number of normal seedlings at fifteen days, 
and for wet primed seeds this value was higher, but after six months of storage there was a drop, however, even higher 
than the seeds that have not been primed.

According to Marcos-Filho (2015), physiological priming is not able to promote increased seed germination because 
seeds are not regenerated. This effect was also seen here, though it should be noted that physiological priming 
benefited the seeds. The first germination count is a test associated with germination but that expresses seed vigor. 
Pallaoro et al. (2016), when studying the effect of physiological priming on corn seeds, also found higher percentages 
of normal seedlings in the first count, and different from what was observed in this study, the authors also emphasized 
improvements in the final seed germination percentage.

In the same way as observed in the evaluation of normal seedlings at fifteen days, the results of strong normal 
seedlings were higher in primed seeds, regardless of the water content, except for nine months of storage, where dry 
seeds unpriming did not differ from primed seeds (Figure 4). For the percentage of expanded cotyledon leaves, the 
same result was observed in wet seeds in most storage periods, showing that the technique was efficient maintaining 
the vigor of wet seeds after the storage period (Figure 5). 

Armondes et al. (2016), when evaluating cabbage seeds subjected to the physiological priming technique, observed 
the benefits of osmopriming in artificially aged seeds. Arif et al. (2014) also found benefits of using the physiological 
priming technique in soybean seeds, obtaining positive seed vigor results.

Figure 3. Percentage of normal seedlings at fifteen days from seeds of Coffea arabica cv. Catuaí Vermelho with different 
moisture levels and subjected to physiological priming throughout storage.
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As for dry seeds, this fact was not observed, since after three months of storage, the percentage of seedlings with 
expanded cotyledon leaves was higher when the seeds were not subjected to physiological priming (Figure 5). This fact 
confirms what was previously observed in Figure 1 for germination and normal seedlings at fifteen days, showing that the 
use of physiological priming in dry seeds is detrimental to the quality of the seeds of the cultivar Catuaí Vermelho stored.

According to Marcos-Filho (2015), dry seeds exhibit changes in the configuration of membrane phospholipids after 
dehydration. In addition, this author reported a direct dependence on the speed and intensity of exudate release and 
the organization of the cell membrane system. Thus, at the beginning of the imbibition process, the seeds absorb water 
more quickly, which can lead to the leakage of cell solutes from the disordered membranes. This damage can cause a 
loss of seed quality and a longer time for membrane reorganization.

In the literature, several studies have shown that the use of osmotic agents, which regulate water flow, are effective 
in reducing the damage caused by the rapid imbibition of dry seeds. Sediyama et al. (2012) found a reduction in 
damage and lesions in soybean seeds after the use of osmopriming. Pallaoro et al. (2016) also saw this effect when 
using an osmotic agent in the priming of corn seeds.

In the present study, no priming agent was used, and the physiological priming of the seeds was done only in water. 
This explains the fact that the results of the primed dry seeds were not satisfactory to maintain their physiological 

Figure 4. Percentage of strong normal seedlings from seeds of Coffea arabica cv. Catuaí Vermelho with different 
moisture levels and subjected to physiological priming throughout storage.

Figure 5. Percentage of expanded cotyledonary leaves from seeds of Coffea arabica cv. Catuaí Vermelho with different 
moisture levels and subjected to physiological priming throughout storage.
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quality, although this is the most suitable technique for coffee seeds according to the literature.
The Figure 6 shows the dry mass data of the coffee seedlings, and based on the results, it is possible to observe that 

for all treatments used, the results were similar and with little variation in the weight of the dry mass of the roots. At 
six months of storage, it is noted that primed dry seeds have the lowest root dry mass values (Figure 6A).

The primed wet seeds exhibited greater uniformity in shoot dry weight throughout the storage period, and this 
result corroborates that seen in the evaluation of seedlings with expanded cotyledonary leaves in Figure 5. This result 
is important because coffee seeds show nonuniform development and rapid loss of vigor after storage. Eira et al. (2006) 
stated that mature coffee seeds displayed slow and asynchronous germination and that this factor made it difficult to 
obtain ideal seedlings for the establishment of coffee plantings and subsequent production.

Other studies indicate a positive effect of physiological priming on seed vigor. Kaur et al. (2002), working with 
chickpea seeds, found that hydropriming led to an increase in the shoot length of seedlings compared to seedlings 
obtained from unprimed seeds. Aloui et al. (2014) also found positive results from the physiological priming technique 
in pepper seeds, especially in the initial stages of seedling development.

In the results obtained in the analysis of variance for the cultivar Topázio MG1190, an isolated effect of the seed 
treatment factor was observed for the root protrusion variable. For the other variables, there was a double interaction 
between the factors of seed treatment and storage periods.

In Table 2, represented by the results of root protrusion of coffee seeds, it is possible to observe that dry and 
primed seeds had the lowest percentages when compared to the other treatments. This result corroborates with 

Figure 6. Root dry weight (A) and shoot dry weight (B) of seedlings, in grams, at 45 days after sowing of seeds of 
Coffea arabica cv. Catuaí Vermelho with different moisture levels and subjected to physiological priming 
throughout storage.
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what was observed in this study for the cultivar Catuaí Vermelho, in which the dry seeds do not tolerate the priming 
technique due to their low water content. 

Xia et al. (2017) found similar results when working with physiological priming in oat seeds. The authors reported 
a lower germination percentage for very dry (4%) and aged seeds subjected to hydropriming. The authors also report 
that when using polyethylene glycol (PEG), dry and aged seeds had higher germination percentages than other seeds, 
subjected or not to hydropriming.

In the seed imbibition process, there is a reorganization of the cellular constituents, and as hydration of the tissues 
occurs, the seeds acquire sensitivity to rapid imbibition, so they may release a greater amount of solutes and restart 
metabolism in a defective manner (Marcos-Filho, 2015). The same study reports that, under conditions of a large 
difference between the water potential of the seed and that of the substrate, damage can have a stronger effect on 
germination. This finding may explain the results of our study. 

In the results of the percentage of normal seedlings fifteen days after germination, it is observed that, just as 
it occurred in the cultivar Catuaí Vermelho, primed seeds have superior performance, whether dry or wet seed 
(Figure 7). However, it is important to note that wet primed seeds have even higher values when compared to dry 
seeds that have also undergone the same hydropriming process. This pattern was not seen when the wet and dry 
seeds were not subjected to priming, as their percentage of normal seedlings at fifteen days was equals and close 
to zero along all storage period. It is also observed that for primed seeds, despite the high values found, there is 
a tendency for the vigor to decrease as the storage period progresses.

In the germination test, it was only possible to observe differences between treatments in the first months of 
storage (Figure 8). The primed wet seeds had the highest germination averages when compared to the others, evaluated 

Table 2. Percentage of radicle protrusion (RP) of seeds of Coffea arabica cv. Topázio MG 1190 at different moisture 
levels and subjected to physiological priming.

Seeds treatments Radicle protrusion (%)
Dry seeds primed (DSP) 88 b

Dry seeds unprimed (DSU) 93 a
Wet seeds primed (WSP) 93 a

Wet seeds unprimed (WSU) 92 a
C.V. 4.06

Means followed by the same letter do not differ from each other by the Scott-Knott test at 5% probability.

Figure 7. Percentage of normal seedlings at fifteen days after sowing of seeds Coffea arabica cv. Topázio MG 1190 with 
different moisture levels and subjected to physiological priming throughout storage.
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freshly harvested. After three months of storage, only primed dry seeds had lower germination values, however, this 
fact cannot be observed in subsequent storage periods. This result shows that for seeds of high physiological quality, 
the use of the physiological priming technique after storage is not able to increase the germination percentage.

Gomes et al. (2012) investigated osmotic priming in eggplant seeds and did not find improvements in the percentage 
germination of the seeds after priming but did find positive effects of the technique on seed vigor. 

Galhaut et al. (2014) also did not find an effect of physiological priming on the germination percentage of 
Trifolium repens L. seeds. However, the same authors emphasize that in heavy metal-contaminated soil, primed 
seeds exhibited superior growth compared to those that did not undergo priming. Other authors, such as Chen et 
al. (2013), Jisha et al. (2013) and Farahani and Maroufi (2011), also reported benefits to seed development under 
stress conditions using the physiological priming technique.

The results of the percentage of strong normal seedlings underscore the importance of seed vigor, because although 
the germination test does not show significant differences, it shows that after storage primed seeds have higher values 
and more vigorous seedlings when compared to the seeds that have not gone through the hydropriming process. 
Despite this, it is observed in the regression graph (Figure 9), that after three months of storage the percentage of 
strong normal seedlings increases, however, after this period there has been a gradual decrease in their vigor, a fact 

Figure 8. Percentage of germination of seeds Coffea arabica cv. Topázio MG 1190 with different moisture levels and 
subjected to physiological priming throughout storage.

Figure 9. Percentage of strong normal seedlings of seeds Coffea arabica cv. Topázio MG 1190 with different moisture 
levels and subjected to physiological priming throughout storage.
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that can be explained due to seed deterioration. It is possible to note that, as observed for other variables, primed dry 
seeds presented the lowest values at nine months of storage.

The analysis of seed vigor is important to differentiate lots that present the same percentage of germination, however 
they differ with high or low performance during storage and also when sowing in the field (Marcos-Filho, 2015). According 
to Trujillo et al. (2019) in coffee seeds, this evaluation is important, due to slow germination and loss of physiological 
quality during storage, factors considered critical for the species.

In the evaluation of the percentage of seedlings with expanded cotyledon leaves, it is observed that in the freshly 
harvested wet seeds, the use of the physiological priming technique was relevant to increase the number of seedlings 
with development of cotyledon leaves, when compared to the other treatments (Figure 10). After storage, only 
primed dry seeds differ from others with lower percentages, confirming that the use of physiological conditioning was 
detrimental to seedling development. In addition, it is observed in the wet seeds showed a similar and uniform of the 
evaluation of cotyledon leaves behavior throughout the storage period. In dry unprimed seeds there is a drop in vigor 
after six months of storage.

For the variable dry mass of roots, it is possible to observe that the freshly harvested and primed seeds showed 
higher values than other treatments (Figure 11A). However, during storage these differences are not possible, and 
therefore we cannot conclude anything about the influence of water content and the physiological priming technique 
for the variable in discussion. It is possible to notice a reduction in the vigor of the wet and dry seeds primed to the 
three months of storage.

The results obtained for the dry mass of the aerial part of the coffee seedlings corroborate with what was observed in 
most of the variables analyzed in the study, in which the primed wet seeds present the highest values when freshly harvested 
(Figure 11B). At three and six months of storage, only dry and primed seeds showed lower values of seedling dry mass. This 
confirms the fact that the dried seeds suffered damage during the imbibition process in the physiological priming. 

In general, the results indicate that for high-quality seed lots, the use of physiological priming is not effective in 
improving germination percentage, and for wet seeds primed and unprimed there are no improvements in most vigor 
tests for the cultivar Topázio MG 1190, which maintained the physiological quality of seeds even after nine months 
of storage. As for seed lots with medium vigor of the Catuaí Vermelho cultivar, physiological priming was effective in 
improving the vigor of the wet seeds, but there was no improvement in the final germination percentage.

Caseiro et al. (2004) observed this same behavior when comparing six lots of onion seeds. The authors concluded 
that physiological priming was not effective in seed lots with high quality, but in those considered of medium vigor, the 
technique had a positive effect. The authors also concluded that the water content of seeds before and after priming is 

Figure 10. Percentage of expanded cotyledonary leaves of seedlings at 45 days after sowing of seeds of Coffea arabica cv. 
Topázio MG 1190 with different moisture levels and subjected to physiological priming throughout storage.
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an important factor when choosing the best method to use. Silva et al. (2016) also reported that physiological priming 
in medium-vigor seeds has a positive effect on soybean production and productivity components.

Although there was no difference in the final seed germination percentage for Topázio MG1190, it was found that 
for seed vigor, there was a positive effect of using the physiological priming technique. These results show that under 
water, salinity, and temperature stress conditions, during the early stage of seedling development, those grown from 
primed seeds may present greater resistance and thus show superior results. This finding has also been reported by 
several authors in different species, such as clover (Galhaut et al., 2014), chickpea (Kaur et al., 2002), wheat (Abid et al., 
2018), and carrot (Nascimento et al., 2013).

Further studies on the effects of physiological priming on seed vigor during seedling formation are needed. The 
reported benefits justify the use of vigorous seeds or seeds subjected to priming, thus allowing faster and uniform 
seedling establishment, a factor that is important for obtaining higher yields. 

CONCLUSIONS

Seeds that did not undergo drying subjected to the physiological priming technique maintained physiological 
quality after nine months of storage. 

Physiological priming was detrimental to dry seeds stored for nine months.

Figure 11. Root dry weight (A) and shoot dry weight (B) of seedlings, in grams, at 45 days after sowing of seeds of Coffea arabica 
cv. Topázio MG 1190 with different moisture levels and subjected to physiological priming throughout storage.
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