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Abstract

The objective of this work was to establish the temperature and the period of exposure needed to perform the traditional
accelerated ageing test with saturated NaCl salt solution on chickpea seeds. Eight seed lots from two cultivars, including four seeds
each, were subjected to germination and vigour tests for initial characterization. Following the methodology of the traditional
accelerated ageing test. The seeds were placed on stainless steel screens in boxes with 40 mL deionized water. They were kept at
41 and 452 Celsius for 24 and 48 hours. Furthermore, the accelerated ageing test using [40 g of NaCl in 100 mL of water, thus
providing 76% of relative humidity in air] NaCl (salt) solution in place of the deionized water was performed. Aged seeds were
sowed in germination paper and kept in a germination chamber at 412 and 452 Celsius. The evaluations were performed five and
eight days after sowing. The statistical analysis was performed with a completely randomized design and four replications. The
traditional ageing of both cultivars showed a water content higher than the tolerated limits at 48 hour period and 41 and 45 °C. In
the saturated saline test, the cultivar BRS Aleppo produced consistent results at temperatures 45 °C for 24 h. The cultivar Cicero
showed a low correlation with the initial characterization as the results of accelerated ageing. Thus, for ‘BRS Aleppo’, the
recommended accelerated ageing methodology was application of saturated saline solution, when seed exposed to 41 °C for 24
hours with germination evaluation at the first count date. For 'Cicero’, satisfactory results were not obtained, and new studies are
required to establish a methodology.

Keywords: Cicer arietinum L.; germination; legume; saline solution; vigour.

Abbreviations: AA_Accelerated ageing; AASS_accelerated ageing with saturated saline solution; Cor_Pearson correlation;
CIM_coincidence index of the means tests; ESI_emergence speed index; FC_germination first count; G_germination;
GSI_germination speed index; h_hours; LC_evaluations in the last count, eight days after sowing; MC_seed moisture content;
MET_mean emergence time; SE_seedlings emergence on field; SL_seedlings length; SL-AP_seedlings length of the aerial part; SL-
RS_ seedlings length of the root system; SL-T_total seedlings length; °C_degrees Celsius; TSW_thousand seeds weight.

Introduction

Chickpea (Cicer arietinum L.) is a highly nutritious legume World production of chickpeas has only marginally increased
and an excellent source of protein, carbohydrates, minerals, over the last three decades due to the decline in planted
vitamins, and fiber (Santos et al., 2017). It also has better area, while productivity has increased by around 37% over
digestibility than other grains and a low content of anti- the same period. The increasing productivity of this legume
nutritional substances. It is estimated that 11.6 million tons is due to improvements in the cultivation, which includes
of this grain are produced annually in the world, especially in research on the material used in planting, as well as
developing countries (ICRISAT, 2018). cultivation techniques (Nascimento et al., 2016). The choice
In Brazil there has been an increase in the consumption of of high quality seeds directly influences the satisfactory
chickpeas over the last 10 years, mainly due to the high establishment of the plants in the field and, consequently,
protein content. According to Paula Junior and Venzon high productivity indexes.

(2007), the main form of consumption in Brazil is as whole One of the aspects that interferes with the productivity of
grains cooked and served in the form of salad or pasta. the crops is the of plants in the field. Among many factors,
According to Hoskem et al. (2017), despite being a cold population of depends depends on the quality of the seeds.
climate plant, the chickpea adapts well to tropical regions In order to establish storage, commercialization, and quality
like Brazil, producing crops with good development and high control policies, seed companies have used the results of
productivity. vigour tests in conjunction with germination tests for
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decision making, especially in the comparison of lots
(Martins et al., 2014).

Among the tests that evaluate the physiological quality of
the seeds, we have the accelerated ageing test, which is a
commonly used test of vigour. It has been successfully used
for soybean seeds (Marcos-Filho, 1999; Dutra and Vieira,
2004), corn (Fessel et al., 2006), and other species such as
crambe (Ledo et al.,, 2016). In this test, the seeds are
subjected to high temperature and relative humidity for a
relatively short period and then placed to germinate. Lots of
high-vigour seeds will remain viable after being submitted to
these conditions, while those of low vigour will have their
viability reduced (Nascimento et al., 2014; Marcos-Filho,
2015). Thus, the temperature used and the time of exposure
to this temperature are factors that influence the quality of
the results generated by the test.

The use of saturated salt solution in alternative acceleration
ageing methodologies aims to reduce the relative humidity
of the air during the exposure of the seeds to high
temperatures. The effect of this reduction is the slower rate
of water uptake and consequently a reduction in seed
deterioration (Jianhua and McDonald, 1996; Panobianco and
Marcos-Filho, 2001). This alternative has been
recommended for evaluation of several species such as
tomato (Panobianco and Marcos-Filho, 2001), coriander
(Radke et al., 2016), and rice (Monteiro et al., 2017).

The objective of this study was to establish an efficient
methodology to perform the traditional accelerated ageing
test (with water) and alternative test with saturated NaCl
salt solution (76% relative humidity in air) to determine the
optimal period and temperature of exposure for chickpea
seeds.

Results and Discussion
Physiological characterization of the seed lots

Table 1 shows the data obtained in the initial physiological
characterization tests. For 'BRS Aleppo’, the germination first
count (FC) ranked the lots in four levels, as the most
sensitive test to detect differences in the vigour of this
cultivar. The FC was also efficient to identify differences in
the vigour of lots of okra seeds, as reported by Torres et al.
(2014), which compared FC with germination and seedling
emergence tests. The FC test is recommended for evaluating
the seed vigour of several species such as Cucumis melo L.
(Bhering et al., 2004) and Beta vulgaris L. (Silva and Vieira,
2006). The efficiency of the test can be explained, according
to Marcos-Filho (2015), by the fact that one of the first
expressions of the process of seed deterioration is the
reduction of the germination process speed. In the G, SE and
ESI tests, there was a distinction in three levels of vigour, in
which lot 1 was classified as the best and lot 3 the worst. In
the SL-RS, lots were classified into two levels. Finally, the
MET and SL-AP and SL-T tests did not rank the vigour levels
of seed lots and were not efficient in classifying them. In
general, after initial characterization, lot 1 had the most
vigour, followed by lots 4 and 2 as intermediates and lot 3
with the worst performance. In the case of the Cicero
cultivar, the ESI was the test that efficiently classified the
lots, resulting in three levels. As with FC, the ESI test
evaluates the speed of the germination process, which is
strongly affected by the physiological state of the seeds, i.e.
deteriorating seeds will take more time to complete
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germination process tasks (Marcos-Filho, 2015). In Sorghum
bicolor L. Moench Ullmann et al. (2015), used ESI as a
method to evaluate the effect of temperatures during the
drying of seeds, observing satisfactory results with the use of
this test.

The FC, G, SE and SL tests ranked the lots within two levels,
with lot 2 having higher vigour (Table 1). The MET test did
not rank the lots at vigour levels. Therefore, according to the
tests, lot 2 presented better results, while lots 1 and 3 had
worse performance.

Initial seed moisture content and after the variations of AA
tests

The seed moisture content of the seeds directly influenced
several aspects of its physiological quality. Therefore, its
determination is fundamental in quality tests of seed lots
(Sarmento et al., 2015). Thus, the determination of the initial
seed moisture content and moisture content after the
ageing of the seeds guarantees the reliability of the vigour
tests. The initial seed moisture content should not vary by
more than 2.0 percentage points between lots (Marcos-
Filho, 2015), which was the variation obtained in this
experiment (Table 2) for both cultivars. After the ageing of
the seeds, the same variation is expected according to
Marcos-Filho (2015). In our study, this variation was
exceeded at 45 °C for 48 hours of exposure for both
cultivars, which makes it difficult to recommend these
variables. For this same period, the variation was slightly
higher than 2.0 percentage points at 41 °C. The higher
values of MC were observed at 45° C compared t 41° C. This
finding can be explained by the fact that, at higher
temperatures, the kinetic energy of the system is high so
there is greater absorption of water by the seeds (Dias and
Marcos-Filho, 1995). The MC obtained after AASS were
lower than those found with AA (Table 3). Using the
methodology with saturated saline solution, the relative
humidity is reduced from 100% to 76% (Jianhua and
McDonald, 1996). Thus, the deterioration rates of seeds are
reduced compared to the AA test, due to the lower water
absorption. This test could simulate moisture conditions
during seed storage (Pefialoza et al., 2005). In AASS the seed
moisture content after ageing test met the maximum
variation of 2.0 percentage points suggested by Marcos-Filho
(2015), ensuring consistency of results.

Thousand seeds weight

The TSW test revealed that the seeds of the cultivar Cicero
are substantially larger than the seeds of the BRS Aleppo
cultivar (Table 4). The seeds of the lot 1 of the Cicero cultivar
presented TSW approximately twice as large as seeds of the
lot 2 of ‘BRS Aleppo’. The characteristics of the cultivars are
the results of the crosses and/or selections made by
breeding programs. The size of the seeds may vary between
cultivars and influence in several aspects such as the
physiological quality of the seeds.

Accelerated ageing - traditional and with saturated saline
solution

The cultivar BRS Aleppo showed the best overall
performance of accelerated ageing (AA), considering the
temperatures of 41 and 45 C for the periods of 24 h and 48



Table 1. Initial characterization of seed lots of chickpea seeds by germination first count (FC), germination (G), seedlings emergence
on field (SE), speed emergence index (ESI), average time of emergence (MET), seedling length (SL) - aerial part (SL-AP), root system
(SL-RS) and total (SL-T). Urutai, 2017.

‘BRS Aleppo’
Seed lot FC G SE ESI MET SL-AP SL-RS SL-T

% _days_ cm seedling 1 -
1 86.0 a* 94.0 a 95.0 a 14.7 a 16.9 a 16.0 a 143 a 20.3 a
2 56.5 Cc 79.0 b 73.5 bc 11.6 bc 26.7 a 6.0 a 114 b 17.3 a
3 43.0 D 525 C 65.0 C 9.9 C 37.2 a 4.9 a 115 b 16.3 a
4 72.5 B 88.0 ab 88.0 ab 133 ab 47.1 a 54 a 111 b 16.4 a
CV (%) 9.83 8.19 13.18 15.18 4.85 12.73 12.37 11.36
‘Cicero’
Seed lot FC G SE ESI MET SL-AP SL-RS SL-T

% _days_ cm seedling 1 .
1 20.0 b 48.0 b 72.0 ab 7.9 bc 9.7 a 34 b 7.9 b 11.3 b
2 425 a 765 a 810 ab 96 a 90 a 44 a 102 a 146 a
3 355 a 555 b 630 b 73 c 94 a 33 b 8.9 ab 122 b
4 18.0 b 59.5 b 76.5 ab 9.1 ab 9.0 a 3.2 b 8.5 b 11.7 b

CV (%) 22.30 15.44 10.32 13.20 8.08 14.00 11.00 7.50
*Means followed by the same letter in the column do not differ by the LSD test at 10% probability.

Table 2. Initial seed moisture content and after traditional accelerated ageing under two temperatures (41 and 45 °C)
and two exposure periods (24 and 48 hours). Urutai, 2017.

‘BRS Aleppo’
Seed lot 41 °C 45 °C
Initial 24 hours 48 hours 24 hours 48 hours
1 9.63 17.14 21.19 18.83 25.35
2 10.04 17.71 22.12 20.49 25.45
3 10.06 17.56 21.94 18.93 24.92
4 9.71 16.94 23.72 20.12 22.42
‘Cicero’
Seed lot 41 °C 45 °C
Initial 24 hours 48 hours 24 hours 48 hours
1 8.80 15.78 19.47 17.32 23.19
2 9.30 16.50 21.69 17.14 20.03
3 9.07 17.79 19.63 16.00 24.46
4 9.33 16.71 19.17 15.33 25.71

Table 3. Initial seed moisture content and after accelerated ageing with saturated saline under two temperatures (41 and
45 °C) and two exposure periods (24 and 48 hours). Urutai, 2017.

‘BRS Aleppo’
Seed lot 41 °C 45 °C
Initial 24 hours 48 hours 24 hours 48 hours
1 9.63 12.12 14.02 13.09 13.54
2 10.04 12.28 13.95 12.57 15.20
3 10.06 12.20 13.02 12.13 14.76
4 9.71 12.16 13.07 12.13 14.89
‘Cicero’
Seed lot 41 °C 45 °C
Initial 24 hours 48 hours 24 hours 48 hours
1 8.80 11.50 12.47 12.32 13.83
2 9.30 11.59 13.22 13.41 13.59
3 9.07 11.54 13.34 12.46 14.12
4 9.33 11.80 13.78 12.72 13.41
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Table 4. Thousand seeds weight (TSW) of seed lots of chickpea seeds, BRS Aleppo and Cicero cultivars. Urutai, 2017.

Seed lot TSW (g)
‘BRS Aleppo’ ‘Cicero’
1 382.43 648.30
2 344.29 542.55
3 384.73 476.27
4 390.99 595.67

Table 5. Germination after exposure of chickpea seeds to the traditional accelerated ageing test under two temperatures (41° and
45° C) and two exposure periods (24 and 48 hours). Germination evaluated on the date of the first count (FC) and on the date of the
final count (LC). Urutai, 2017.

‘BRS Aleppo’

41 °C 45 °C
Seed lot 24 hours 48 hours 24 hours 48 hours

FC LC FC LC FC LC FC LC
1 5800 a* 9350 a 7000 a 8750 a 8700 a 9500 a 7950 a 90.00 a
2 50.00 a 64.00 b 44.00 b 63.00 b 55.00 b 69.00 b 49.50 b 52.50 C
3 21.50 b 34.50 c 14.00 C 21.00 c 25.50 C 32.00 C 27.50 c 29.50 d
4 4350 a 7000 b 4200 b 6000 b 5850 b 7600 ab 5700 b 6850 b
CV (%) 16.43 12.01 13.58 13.34 22.79 17.57 11.10 10.79

‘Cicero’

41 °C 45 °C
Seed lot 24 hours 48 hours 24 hours 48 hours

FC LC FC LC FC LC FC LC
1 6.50 b 34.00 b 19.00 ab 40.50 a 29.50 b 57.50 b 19.50 a 33.50 C
2 9.00 b 4950 a 2750 a 5350 a 5950 a 8750 a 3200 a 5950 a
3 1850 a 5150 a 1650 b 4600 a 3150 b 66.00 b 33.00 a 5250 ab
4 13.00 ab 54.50 a 10.50 b 36.50 a 45.50 ab 69.50 ab 20.50 a 35.50 bc
CV (%) 30.88 14.94 26.89 22.14 18.72 13.88 23.74 18.36

*Means followed by the same letter in the column do not differ by the LSD test at 10% probability.

Table 6. Germination after exposure of chickpea seeds to the accelerated ageing test with saturated saline under two temperatures
(41 and 45 °C) and two exposure periods (24 and 48 hours). Germination evaluated on the date of the first count (FC) and on the date
of the final count (LC). Urutai, 2017.

‘BRS Aleppo’

41°C 45 °C
Seed lot 24 hours 48 hours 24 hours 48 hours

FC LC FC LC FC LC FC LC
1 79.00 a* 9100 a 7650 a 9250 a 8.50 a 9650 a 87.00 a 97.00 a
2 7250 ab 80.00 ab 4250 bc 6450 b 5750 b 7950 b 6250 b 77.00 b
3 42.50 c 48.00 C 27.00 C 40.50 c 28.00 C 42.50 C 40.50 c 49.50 C
4 58.00 bc 73.50 b 46.50 b 68.50 b 67.50 b 89.50 ab 71.00 b 88.50 ab
CV (%) 12.24 9.66 16.33 15.51 9.46 7.54 8.18 7.82

‘Cicero’

41 °C 45 °C
Seed lot 24 hours 48 hours 24 hours 48 hours

FC LC FC LC FC LC FC LC
1 24.00 b 46.00 b 15.50 a 46.00 a 33.50 bc 58,50 a 31,00 a 59,50 b
2 45.00 a 74.00 a 20.00 a 64.50 a 41.00 ab 82,50 a 49,50 a 77,00 a
3 2700 b 5400 b 1300 a 5100 a 4600 ab 6800 a 41,00 a 6150 b
4 2650 b 6750 a 2000 a 5450 a 2850 ¢ 72,00 a 40,00 a 6200 b
CV (%) 12.89 9.69 33.33 19.44 15.38 11.95 15.84 9.25

*Means followed by the same letter in the column do not differ by the LSD test at 10% probability.
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Table 7. Pearson correlation coefficient (Cor) and coincidence percentage index of the means tests (CIM). Correlations
between seedlings emergence in the field (SE) and traditional accelerated ageing (AA) tests and accelerated ageing with
saturated salt solution (AASS) under two temperatures (41 and 45 °C) and two exposure periods (24 and 48 hours).
Germination evaluated on the date of the first count (FC) and on the date of the final count (LC). Urutai, 2017.

‘BRS Aleppo’ ‘Cicero’
Period (hours)
24 48 24 48
FC LC FC LC FC LC FC LC
41 °CAA
Cor 0.71 0.76 0.72 0.72 -0.44 0.00 0.25 0.16
CIM (%) 50 100 100 100 50 25 50 50
41 °C AASS
Cor 0.35 0.53 0.53 0.63 0.31 0.44 0.26 0.22
CIM (%) 100 100 100 100 25 25 50 50
45 °CAA
Cor 0.71 0.74 0.66 0.69 0.29 0.16 -0.20 -0.03
CIM (%) 100 100 100 75 25 25 50 25
45 °C AASS
Cor 0.74 0.72 0.63 0.65 -0.20 0.49 0.49 0.48
CIM (%) 100 100 100 100 25 50 50 25

hours and the analysis of FC and LC (Table 5). Then Lot 4 and
2 had an intermediate performance and Lot 3 the lowest in
all cases. The results showed classification of the lots in
three vigour levels, except for the FC at 41 oC for 24 h, in
which only two levels of vigor were obtained. For FC at 45 °C
for 48 h, the lots were classified into four vigour levels,
similar to the classification found in the initial
characterization. Similarly, Ledo et al. (2016) reported that
crambe seeds should be exposed to 41 oC for 48 h in the AA
test.

For Cicero cultivar, Lot 2 showed the best performance,
except for FC at 41 oC for 24 h. Lots 3 and 4 were generally
classified as intermediary performances, with some
differences in rank. Finally, lot 1 presented the worst
performance compared to others.

In most cases, the lots distinction was occurred in only two
vigour levels in FC, except for 41° C and 45 °C for 48 h. On
the other hand, the FC at 45 2C for 48 h showed three levels
of vigour ranking of the lots. This classification with some
small differences is similar with that initial characterization.
Similar results were found by Silva and Cicero (2014) with
tomato seeds, in which the initial characterization tests
classified the lots differently from the classification obtained
in accelerated ageing tests. This can be explained by the
definition of vigour. According to ISTA (2014): a set of
properties will determine the performance of lots under
wide range of environmental conditions. Therefore, using a
single test or tests that are based on the same principles
that affect seed performance cannot generate complete
information about seed quality, according to Hampton and
Coolbear (1990).

The germination of the seeds submitted to the AASS
presented the same tendency obtained for AA, differing in
some points. For the cultivar BRS Aleppo, lot 1 showed
better performance in all cases, lot 4 soon followed in
intermediate position along with lot 2, and finally lot 3,
which under all conditions had the worst performance
(Table 6). There was a three-level strength ranking for all
variations in the AASS test with BRS Aleppo cultivar, a
classification that matches the results obtained in the initial
characterization tests.
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With the exposure to saturated saline solution, the lot 2 of
cultivar Cicero showed the best performance, excluding only
one case for FC at 45 2C for 24 hours, in which this lot was
classified as intermediate, as well as lot 3 (41 °C for 48 h in
FC and LC; 45 °C for 24 h in FC; and 45 °C for 48 h in FC). The
others classified the lots at only two levels (41 °C for 24 h in
FC and LC, 45 °C for 24 h in FC and 45 °C for 48 h in LC). Only
in one case, the classification showed three levels of vigour
(45 9C per 24 h, FC). However, for this cultivar, the
classification was not similar to the results obtained in the
initial characterization.

The larger seed size of the Cicero cultivar (Table 4) may be
responsible for the low efficiency of the accelerated ageing
tests to detect the vigour of the lots. Jianhua and McDonald
(1996) reported that seed size can interfere with accelerated
ageing. Larger seeds may exhibit variations in water
absorption during ageing, as well as variations in the effect
of temperature along the whole seed length, influencing the
level of deterioration reached by the seeds of the sample
during the test. Consequently, it also affects the efficiency of
these tests in ranking seed lots for vigor levels.

Variables association

Pearson correlation (Cor) and coincidence index of the
means (CIM) results are available in Table 7. For 'BRS Aleppo'
CIM values were high, mainly in AASS. Using as a criterion,
the highest values for Cor and CIM was observed for the AA
test, which is best correlated with SE when performed at 41
°C for 24 h in LC and for 48 h in FC and LC. One of the
requirements of the vigour tests is that they are fast. For
agile decision making by the seed industries, the variable 41
°C for 48 h and evaluation in the FC would be the best
alternative for the AA test. However, changes in seed
moisture content, before and after exposure to AA, greater
than 2 percentage points (Table 2) precluded the
recommendation of this test. Similar results were obtained
by Gordin et al. (2015), which did not recommend the use of
the traditional method in Guizotia abyssinica seeds because
it provides variation of the seed moisture content between
the samples greater than the tolerable standard.



For the AASS test, the temperature of 45 °C for 24 h and
evaluation in both FC and LC were the most consistent.
Following the criterion of agility, the best option is the
evaluation in the FC. These results agree with those
obtained by Ledo et al. (2016) studying the AASS test for
crambe seeds. The authors concluded that 24 h at 41 or 45
°C is best to determine vigour in this species. These authors
also agreed that post-ageing assessment is best performed
on the date of the first count.

The results for the cultivar Cicero did not present the same
tendency, as the values of CIM were low. In addition, results
were found to be null or negative for Cor, due to the fact
that there was no relation between the SE test in the initial
characterization and the AA. This may also be due to the
effect of seed size on the efficiency of ageing procedures, as
discussed earlier. Amaro et al. (2014), used the Pearson
correlation methodology in crambe seeds. They also
reported the absence of correlation between combinations
of the accelerated ageing test and those of the other initial
characterization tests that had been useful in the
stratification of lots for vigour and initial quality assessment
tests.

Materials and Methods
Plant material

Four lots of chickpea (Cicer arietinum L.) of BRS Aleppo
cultivar and four of cultivar Cicero were used. Before the
beginning of the experiments the seeds were stored in a
‘kraft’ paper bag in a cold room (16 °C and 50% of relative
humidity in air) for one month. The research was conducted
at the Federal Institute Goiano, Campus Urutai, Laboratory
of Seed Analysis.

Initial characterization of the seed lots

Routine tests for physical and physiological characterization
of seeds were initially developed to allow comparison with
the variables of accelerated aging tests. For the initial
characterization of the lots, the tests described below were
conducted:

Seed moisture content (MC): determined by the oven-drying
method at 105 + 3 2C for 24 h (Brasil, 2009), using two sub-
samples of approximately 10.0 g of seeds for each lot. The
results were expressed as percentage (wet basis). It was
carried out initially to characterize the lots and after each
variable of the tests of traditional accelerated ageing and
with saturated saline solution.

Thousand seeds weight (TSW): the mass of eight replicates
of 100 seeds of each lot were obtained (Brasil, 2009). The
variance, standard deviation and coefficient of variation
were calculated for each lot. With coefficient of variation
values lower than 4%, the mean weight was multiplied by 10
and the results were expressed in grams.

Germination (G): for each lot, four replicates of 50 seeds
were randomly assigned to the portion of pure seeds,
arranged under two sheets of germinating paper and
another sheet over the seeds, and then rolled up. The
papers were previously moistened with water the equivalent
of 3.0 times the weight of the dry substrate. The rolls were
conditioned in a germinator at constant temperature of 20
°C. After the five-day period the data of germination first
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count (FC) were obtained, and eight days after sowing, data
of final germination (G) were obtained (Brasil, 2009). The
results were expressed as a percentage of normal seedlings.
Seedlings Length (SL): four replicates of 10 seeds, in
longitudinal direction, were placed in the upper 1/3 of the
germination paper. The papers were moistened as described
for the germination test. The seeds were positioned so that
the radicle region was facing the bottom of the paper. The
rolls were kept under the same conditions mentioned for
the germination test. Eight days after sowing, measurements
of the emergent normal seedlings (aerial part [AP] and root
system [RS]) were carried out using a digital caliper. The sum
of SL-AP and SL-RS was called SL-T, which revealed the
average total length of normal seedlings. The results were
expressed in centimeters.

Seedlings emergence on field (SE): a sprinkler irrigation
system was used on the field. Four replications of 50 seeds
per lot were sown so that the seeds remained at 3.0 cm
depth, arranged in a soil bed without fertilization in lines of
2.5 m of length and spaced 0.5 m. A hypocotyl greater than
1 cm in length at the time of the evaluation (21 days) was
adopted as an evaluation criterion for determining the
percentage of emerged normal seedlings.

Emergence speed index (ESI): calculated at the end of the SE
test, using the formula proposed by Maguire (1962).
Performed together with the SE test with seedling counting
every 72 h until the 21st day, considering the number of
seedlings that presented the cotyledons above the soil
surface.

Mean emergence time (MET): values were expressed in days
and obtained from the formula of Labouriau (1983), with the
same data obtained for ESI.

Adaptation of the accelerated aging test methodology —
traditional and saturated saline solution

To adapt the accelerated ageing test methodology, as a
method to evaluate the vigour of chickpea seeds, the lots
were submitted to the following tests:

Accelerated ageing (AA): the seeds were distributed in a
single layer on the stainless-steel screen, placed in a Gerbox
type box with 40 mL deionized water at the bottom and kept
in an ageing chamber. The seed boxes remained at 41 and
45 oC for 24 and 48 h. After these periods, four replicates of
50 seeds were used for the germination test as described
previously. The evaluations were performed at five (FC) and
eight days (LC) after sowing and the results expressed as a
percentage of normal seedlings. Accelerated ageing with
saturated saline solution (AASS): The same procedure
described for conducting the traditional procedure was
used, except that the 40 mL volume of deionized water was
replaced with NaCl salt solution (Jianhua and McDonald,
1996). This solution was obtained by diluting 40 g of NaCl in
100 mL of water, thus providing 76% of relative humidity in
air. Evaluations were also performed with five (FC) and eight
days (LC) and the results expressed as a percentage of
normal seedlings.

Statistical analysis

The initial physiological characterization tests were installed
separately for each cultivar and the analysis performed
individually for each test (FC, G, SL, SE, ESI and MET). They
were installed in a completely randomized design with four



replicates. The residues were tested with the Shapiro-Wilk
(for normality) and Bartlett tests (homoscedasticity). The
data were submitted to analysis of variance by the F-test.
For comparison of the means, the LSD test was used, at 10%
probability.

In the interest of the accuracy of the AA and AASS
methodologies, the tests were set up separately for each
cultivar and the analysis performed individually for each
variation of the methodology: temperature, exposure period
and period to evaluate. The residues were tested with the
Shapiro-Wilk  (for  normality) and Bartlett tests
(homoscedasticity). The data were submitted to analysis of
variance by the F-test. For comparison of the means, the LSD
test was used at 10% probability.

To compare the initial characterization more precisely, the
test of SE with each methodological variation of the AA, and
tests of association of the variables were performed. The
test for association for the variables was analyzed using the
Pearson correlation (Cor) and the coincidence index of the
means tests (CIM) in percentage, between the variables of
AA or AASS tests and SE. This percentage was calculated as
follows: 0% was used when no letter was matched between
AA or AASS and SE tests and 100% when all letters of the
mean tests were the same, comparing AA or AASS with SE.
All analyzes were performed using the R software (R Core
Team, 2014).

Conclusions

For BRS Aleppo cultivar, the recommended accelerated
ageing methodology to evaluate seed vigour is the use of
saturated saline solution, with the seed exposure for 24 h at
41 °C and germination evaluation at the first count data, at
five days after sowing. As for Cicero cultivar, satisfactory
results were not obtained, and new studies are required in
order to establish a methodology.
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