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ABSTRACT - The chickpea (Cicer arietinum L.) is the third most cultivated legume in the world and the second most consumed.
One of the main problems in producing seed of this species is the mechanical damage generated when harvesting or during post-harvest.
With the aim of developing a protocol for rapid iodine testing, the aim of this study was to determine the most suitable
exposure time for chickpea seeds in iodine solution, and the most appropriate concentration for staining naturally or artificially
damaged seeds. Concentrations of 5%, 10% and 15% (commercial product containing 2% iodine) were tested on both intact
and artificially damaged seeds for an immersion time of 2.5, 5.0, 10.0, 15.0 and 20.0 minutes. The correlation between the
colour and the physical and physiological properties of ten seed batches exposed to 10% iodine for 10 and 15 minutes was also
evaluated. The data were submitted to univariate and multivariate analysis. The iodine test, at a concentration of 10% of the
commercial product (iodine concentration of 2%) for 15 minutes, is effective in evaluating the level of mechanical damage in chickpea

seeds, due to the negative correlation between the colour of the seeds in the test and the physical and physiological qualities of the seeds.
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INTRODUCTION

The chickpea (Cicer arietinum L.), native to
India, is the second most consumed legume in the
world (Nascimento et al., 2016; Pang et al., 2017).
Its grains, which are rich in fibre, minerals and vitamins
(Merga; Haji, 2019), are nowadays largely used, in addition
to food, in medicinal preparations, nutraceuticals, and
the cosmetics industry (Pandey; Chakraborty, 2023).
Consumption and production have been on the increase
due to its nutritional characteristics and versatility.

The crop shows great potential in Brazil,
especially in the savannah where, due to its soil and
climate requirements, it can be grown either as a second
crop or during the winter (Nascimento et al., 2016). As a
result, the demand for high quality seeds has also been
increasing (Arauljo et al., 2022).

Chickpea seeds are highly susceptible to mechanical
damage due to such characteristics as the highly exposed
hypocotyl-radicle axis (Nascimento et al., 2016), the
thinness and poor resistance of the seed coat, and the low
natural protection of the cotyledon tissue. This sensitivity
leads to a loss of quality during harvesting, processing
and handling of the seeds (Dias et al., 2021).

Mechanical damage is one of the main causes of
reduced quality in chickpea seeds (Delfan; Shanbazi;
Esvand, 2023), not only reducing the nutritional quality,
but also the storage potential of the grains. Rapid tests
to assess mechanical damage have various uses, such as
in the selection and adjustment of harvesting and seed-
processing equipment. These tests, including the sodium
hypochlorite test for soybean seeds (Albaneze et al., 2018),
the iodine test for maize (Carvalho et al., 2011), and the
tetrazolium test for chickpea seeds (Paraiso et al., 2019),
need to be accurate in detecting damage, in addition to
giving quick results. This last test, although accurate,
requires at least 24 hours for interpretation, which makes
it impractical when adjusting harvesting equipment, as the
ideal setting varies with the changing moisture content of the
seeds throughout the day. In addition, the test is relatively
expensive and requires specialised labour (Brasil, 2009).

Preliminary results have not shown the
effectiveness of the sodium hypochlorite test in assessing
mechanical damage in chickpea seeds (unpublished data).
The iodine test, on the other hand, has been used as a
viable and practical alternative for detecting mechanical
damage in maize seeds, as it can be used to determine the
location and level of the damage (Carvalho et al., 2011).

Due to the high starch content of the chickpea,
the iodine test can be a viable alternative for detecting
mechanical damage in the species. The aim of the present
study was to evaluate the effect of the length of time the
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seeds were exposed to the iodine solution, and its
concentration in staining the structures of artificially
or naturally damaged seeds; and also, to evaluate the
correlation between the degree of staining in this test
and the physical and physiological quality of the seeds.

MATERIAL AND METHODS

Eleven batches of chickpea seeds of the BRS
Aleppo cultivar were harvested in 2019 and 2020,
at the Fazenda AgroGarbanzo Farm, located in
Cristalina, Goias. The experimental area is located at
16°10°23.503"” S and 47°25’53.747” W, at an altitude
of 884 m. A number of seed batches were harvested and
threshed manually, while for the others, a 9770 STS John
Deere self-propelled combine harvester with axial
threshing was used at different humidities and settings.
The seed batches harvested in 2019 were stored for one
year in Kraft paper bags at 5 °C and a moisture content
of around 10% (wet basis); those harvested in 2020
were stored for four months under the same conditions,
prior to the tests.

Concentration of the iodine solution and immersion time

Initially, the iodine concentrations and seed
immersion times were tested in one seed batch using
only visually intact seeds (Figure 1A) and discarding
any broken seeds and those with a damaged seedcoat
or attacked by insects. A portion of the intact seeds was
damaged by cutting with a scalpel blade at the opposite
end to the root protuberance, producing circular damage
of around 2-3 mm in diameter (Figures 1B and 1C).

Four replications of 50 intact or artificially
damaged seeds were immersed in commercial 2% iodine
solution at concentrations of 5%, 10% and 15% in water,
in a transparent glass, and kept in a natural environment
in the laboratory for 2.5, 5.0, 10.0, 15.0 and 20.0 minutes
(Figure 1D). The seeds were then washed in running water
and placed on a wet paper towel for evaluation. Seeds with
at least one dark (stained) spot as a result of the iodine
reaction were considered damaged. The results were
expressed as a percentage of stained and unstained seeds.

Correlation between staining and the physical and
physiological qualities of the seeds

During the second stage, the percentage of stained
seeds in the iodine test of 10 seed batches harvested
manually or mechanically under different rotor settings
(Table 1) was correlated with the physical and physiological
qualities of the seeds and evaluated. Prior to the tests, the
moisture content of the seeds was determined on a wet basis
using the oven method at 105 + 3 °C for 24 hours, in four
subsamples of 10 seeds per batch (Brasil, 2009).
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Figure 1 - Damage and the staining process in chickpea seeds: intact seeds (A); artificial damage (B); damaged seed (C);

immersion in iodine solution (D)
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Table 1 - Batches of chickpea seeds used to evaluate the correlation between staining in the iodine test and the physical and physiological

qualities of the seeds

Seed batch Harvest Week of harvest in August Method Rotor speed (RPM*)

1 2020 1 Mechanical 700
2 2020 4 Mechanical 700
3 2019 3 Mechanical 600
4 2019 3rd Manual -

5 2019 3 Mechanical 700
6 2020 1 Mechanical 700
7 2020 1 Manual -

8 2020 1 Mechanical 600
9 2020 4 Mechanical 800
10 2020 1 Mechanical 800

* Rotations per minute

The iodine test was carried out at a concentration
of 10% iodine for 10 and 15 minutes. The solution was
then drained, and the seeds visually classified as damaged
(stained) or undamaged (unstained).

As in the iodine test, the physiological quality
was assessed in four replications of 50 seeds per batch
using the following tests:

Germination test — in a roll of paper towels
moistened with distilled water at twice the weight of
the paper, packed in transparent plastic bags at 25 °C
under light (Brasil, 2009).

First germination count — the percentage of normal
seedlings was determined on the fifth day after setting up
the experiment (Brasil, 2009).

Seedling length — the length of normal seedlings
(cm seedling?), evaluated at the end of the germination
test.

Seedling dry weight — after discarding the
cotyledons, the normal seedlings from the germination
test were dried in Kraft paper bags at 65 °C for 72 hours
and weighed (Krzyzanowski et al., 2020).

Tetrazolium test of viability and vigour —
the seeds were pre-soaked in a roll of paper towels
moistened with distilled water at twice the weight of
the paper and placed in transparent plastic bags at 41 °C
for four hours. The seeds were then immersed in a 0.1%
solution of 2,3,5-triphenyl tetrazolium chloride, placed
in the dark at 30 °C for six hours. The seeds were washed
in running water and the seed coat removed with a scalpel.
For the purposes of evaluation, the seeds were cut transversely
and classified according to their viability and vigour into
the following classes (Paraiso et al., 2019): 1 - viable and
vigorous (with no lesions); 2 - viable and vigorous (with
superficial lesions); 3 - viable and non-vigorous (with deep
lesions); 4 - non-viable.
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Figure 2 - Physical damage in chickpea seeds: ruptured seed coat (A); damaged (B) and insect damage (C)
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The physical quality of the seed batches was
evaluated using the following tests:

Damaged seeds (percentage by weight) - four
replications of 100 grams from each batch were visually
assessed and the following seed fractions were separated
and weighed: intact (undamaged) (Figure 1A), ruptured
seed coat (Figure 2A), damage to more than 50% of the
original size (Figure 2B), and damaged by insects (Figure 2C).

Damaged seeds (percentage by number) — four
replications of 50 seeds from each batch were separated
based on the fractions described in the previous test.

The experiments were conducted in acompletely
randomised experimental design. Regression analysis
was used to select the appropriate immersion time and
iodine concentration.

To assess the quality of the seed batches and
validate the iodine methodology, the data were submitted
to ANOVA and to the Scott-Knot test (p < 0.05). For the
purpose of analysis, the percentage data relating to the
number of dead seeds, those attacked by insects, and those
with a ruptured seed coat were previously transformed by
the formula V(x + 0.5) due to a lack of data normality.

The multivariate analysis was carried out after
standardising the variables, where each variable had a mean
of 0 and a variance of 1. The hierarchical method was based
on the Euclidean distance between the seed batches for the set
of variables, using Ward’s method. As such, the initial set of
variables was first characterised by two new latent variables
(PCA 1 and PCA 2), which made it possible to locate them
on a biplot graph. The validity of this analysis can be verified
by the total amount of information of the original variables
retained by the principal components with an eigenvalue
greater than one. The multivariate analysis was carried
out using the STATISTICA version 7.0 software, and the
Pearson correlation using the Past version 4.0 software.

RESULTS AND DISCUSSION

Concentration of the iodine solution and immersion time

The seed batch under test had a water content
of 13.2%. lodine was effective in staining the damaged
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chickpea seeds (Figure 3B). The aqueous solution is brown
in colour (Santos; Afonso, 2013) and when in contact with
starch produces a reaction that changes the colour to dark blue
due to occlusion of the iodine in the linear chains of amylose
(Denardin; Silva, 2009; Liu et al., 2013; Zhao et al., 2018).

The immersion time and concentration of the
iodine solution affected the percentage of stained seeds
(Figures 3A and 3C). Considering the optimal conditions
for carrying out the iodine test to be the concentration
x time relationship that gives the maximum staining of
damaged seeds and the minimum staining of intact seeds,
the concentration of 10%, together with an exposure time
of 10 to 15 minutes, led to the staining of 90% to 100%
of the damaged seeds and 0% to 5% of the intact seeds
(Figure 3). These conditions were therefore considered
the most suitable for the iodine test in chickpea seeds.
The iodine test can also be used to detect mechanical
damage in maize seeds (Parizotto et al., 2022), albeit a
5% concentration of iodine solution for 5 minutes is
recommended for this species (Carvalho et al., 2011).

Correlation between staining and the physical and
physiological qualities of the seeds

The average water content in the ten seed batches
under evaluation was 10.0%. Based on the results of
the germination and tetrazolium tests, Batches 1, 7
and 8 showed the highest physiological quality, while
Batches 9 and 10 showed the lowest (Table 2). In
general, there was a positive correlation between the
results of the germination and viability tests for the ten
batches of chickpeas.

The dry weight of the seedlings also showed
a positive correlation with germination and viability
in tetrazolium; however the length of the radicle and
shoot did not consistently correlate with germination
or viability (Table 2).

The seed batches harvested in 2020 generally
showed higher physiological quality than those
harvested in 2019, while the worst seed quality was
seen at the highest rotor speed (800 RPM), probably due
to the mechanical damage caused by this component of
the mechanical harvester (Pacheco et al., 2015). Nascimento
etal. (2016) suggested the use of mechanical harvesters
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with an axial cylinder or double beater to minimise
mechanical damage and preserve seed or grain quality.
However, Batch 7, whose physiological quality was
higher, was harvested manually, showing that this
method of harvesting affords a low rate of damage.

The amount of physical damage to the seeds,
tested by seed weight and seed number, differed
between batches (Table 3). Batch 8, mechanically

harvested in 2020 at a rotor speed of 600 RPM, showed
the lowest rates for damaged seeds. On the other hand,
Batch 9, mechanically harvested in 2020 at a rotor speed
of 800 RPM, showed the highest rate of damage. These
results confirm the importance of correctly adjusting
the harvester threshing mechanism for chickpea seeds.
Mechanical damage, especially to the embryonic axis,
can affect germination, resulting in abnormal seedlings
or dead seeds (Gomes-Junior et al., 2019).

Figure 3 - Staining of chickpea seeds as a function of time and iodine concentration in artificially damaged (A and B) and intact (C) seeds
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Table 2 - Germination, viability and vigour in 10 batches of chickpea seeds used to correlate seed quality with the results of
the iodine test. FGC = first germination count (%); G = germination (%); AS = abnormal seedlings (%); DS = dead seeds (%); RL =
radicle length (cm); SL = shoot length (cm); SDW = seedling dry weight (g); VIA = viability (%); VIG = vigour (%); MD =
mechanical damage (%); OM = overall mean

Germination test Seedling development Tetrazolium test

Batch FGC G AS DS RL SL SDW VIA VIG MD
% cm seedling™ g seedling? %

1 80b 85a 13a 2a 79D 31b l4a 88 a 51b 59b
2 66 C 76 ¢C 1l4a 1llc 7.3b 2.7b 1l6a 74 b 47b 70c
3 76 b 83b 13a 4D 9.1a 44 a 15a 82a 58 a 66 C
4 70c 81b 1l4a 6¢ 9.2a 39a 1l6a 80 a 49b 68 c
5 32d 79b 18b 4D 8.3b 3.2b 09b 79a 51b 63 ¢C
6 64 c 83b 13a 4D 8.0b 3.7a l4a 83a 60 a 52 a
7 89 a 89 a 10a la 77D 3.2b l4a 90a 74 a 50 a
8 86 a 89 a 9a 3b 71D 29D 13a 86 a 65 a 49a
9 64 c 68 d 24 ¢ 8¢ 89a 3.2b 0.7b 66 b 33b 68 c
10 68 c 68 d 23¢c 9c¢ 80D 3.8a 1b 74 b 44 b 76 ¢C
F 22** 17** 11** 8** 5** 4= 5** 5** 6** 13**
CV(®) 98 45 19.7 26.7 7.2 15.4 20.9 7.6 17.7 8.1
oM 69.2 80.1 14.9 5.0 8.2 34 1.3 79.9 53.0 61.7

** Significant (p < 0.01). Mean values followed by the same letter in a column do not differ by Scott-Knott test (p < 0.05)
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Table 3 - Percentage of damaged seeds by weight and number in 10 batches of chickpea seeds. ID = insect damage; RC = ruptured
seed coat; B = broken seeds; DW = total damage by seed weight; DN = total damage by number of seeds; OM = overall mean

Damage by seed weight (g)

Damage by number of seeds

Batch ID RC B DW ID! RC! B DN
%

1 0.83d 4.39d 0.51b 5.73¢c 13b 15b 20Db 4.8 a
2 0.58¢c 5.16¢e 1.65d 7.38d 10b 20Db 7.0d 10.0b
3 0.00 a 5.29¢ 0.55Db 5.84c 0.3a 7.3d 50c 125¢c
4 0.00 a 2.59hb 0.80b 3.39b 0.0a 20b 10a 3.0a
5 0.00 a 1.68a 0.97c 2.66b 0.0a 10a 45¢c 55a
6 0.17b 246 b 0.73b 3.36b 05b 15b 35¢c 55a
7 1.09e 201a 0.32a 3.43b 05b 23b 55¢ 8.3b
8 0.00 a 1.56 a 0.00 a 156 a 0.0a 40c 0.0a 4.0a
9 0.00 a 3.83¢c 6.12¢ 9.95¢e 0.0a 35¢c 21.0e 24.5d
10 0.00 a 171a 1.31d 3.02b 0.0a 3.0a 2.0b 5.0a
F 156** T4** 157** 119** 4,9** g** 129** 47**
CV (%) 24.7 11.1 21.6 10.1 113.7 23.1 20.4 175
oM 0.3 3.1 13 4.6 0.4 2.8 5.2 8.3

** Significant (p < 0.01). Mean values followed by the same letter in a column do not differ by Scott-Knott test (p < 0.05). 'Data transformed by V(x + 0.5)

In general, batches harvested at a threshing-cylinder
speed of 600 RPM showed the lowest number of broken
seeds; this speed, however, generated a high number of
ruptured seed coats, as seen in Batch 3. Batches 4 and 7, which
were harvested manually, had the lowest number of stained
(damaged) seeds in the iodine test after 10 and 15 minutes,
showing that this method of harvesting exerts a minimum
of mechanical damage compared to mechanised harvesting
(Table 4). On the other hand, the highest rate of mechanical
damage detected by this test was seen in Batch 9 for
both immersion times, when the rotor speed was at
maximum (800 RPM). Mechanised harvesting is one of
the main sources of mechanical damage to seeds (Holtz;
Reis, 2013). These results underline the effectiveness of the
iodine test in assessing mechanical damage in chickpea seeds.

The results (Table 4) show staining of the
exposed internal structures of the seeds (Figure 4). This
damage is due to insects (Figure 4A), seed coat rupture
(Figure 4B) or seed breakage (Figure 4C). The iodine
test is used to detect external mechanical damage to
seeds, but does not show whether the internal structures
are affected (Cicero; Banzatto-Junior, 2003).

Given the high number of variables under study,
multivariate analysis was carried out to highlight the
effect of any physiological and physical qualities on seed
staining by the iodine test. This analysis helps to minimise

the influence of unrepresentative factors, resulting in
greater applicability of the most relevant variables and the
grouping of batches with similar qualitative characteristics.

The following variables were selected for the
multivariate analysis based on representation and
importance: a) physiological quality: first germination
count, germination, abnormal seedlings, dead seeds,
viability, and vigour by the tetrazolium test; b) physical
quality: damaged by weight and by number; c) iodine test:
seeds stained after 10 and 15 minutes (Figure 5).

A significant variation in the Euclidean distance,
which represents the linkage distance between the batches
based on their characteristics, as shown by the variables
used, makes it possible to determine the ideal cutoff point
to obtain groups of batches with similar characteristics,
albeit with significant differences from the batches in the
other groups (Freddi; Ferraudo; Centurion et al., 2008). The
range where groups most differed, marked by the largest
vertical line, was between distances 6 and 11 (Figure 5A).
Therefore, the cutoff point within this range was set to
an intermediate value of 10 (Figure 5A), resulting in five
groups of seed batches, shown by the dashed line.

Each group is made up of similar seed batches in
terms of their physiological and physical qualities and iodine
test results (Figure 5B and 5C). According to the dendrogram
resulting from Ward’s hierarchical grouping analysis based on
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the Euclidean distance, and in forming groups by the K-means
non-hierarchical method, Batches 1 and 3 were allocated in
Group 1 while Batches 4, 5 and 6 in Group 2. These groups
corresponded to the batches with intermediate physiological
and physical qualities (Figures 5B and 5C). Group 2 had the
lowest values for first germination count, seed damage
by number, and damage index by the iodine test after 10
minutes (Figure 5C). Group 3, with the best physiological and
physical qualities, consisted of batches 7 and 8 (Figure 5B).

Group 4, comprising Batches 10 and 2 (Figure 5B),
presented low physiological quality, with a high number
of abnormal seedlings and dead seeds, and intermediate
physical damage evaluated by seed number, seed weight and
the iodine test (10 and 15 minutes) (Figure 5C). Finally,
Group 5, corresponding to Batch 9 (Figure 5B), had the
poorest physiological and physical qualities and high levels of
damage, as assessed by the above variables (Figure 5C). In the
case of maize seeds, there is a correlation between an increase
in the percentage of mechanical damage and a reduction in
seed vigour (Gu et al., 2019).

With the aim of analysing the selected variables
as a whole, principal component analysis was carried
out in an attempt to reduce the number of variables
through correlation. The number of components is
determined by the correlation between the variables,
and has to be sufficient to express the importance
of each of the variables. Therefore, if one of the
selected variables shows a higher correlation with one
component than with another, that with the highest
correlation should be used in the evaluation. The
correlation study of the multivariate analysis generated
two principal components, improving interpretation
of the variability of the described variables, and
representing an accumulated variance of 82.80%:
Principal Component 1 (63.84% of the variance) and Principal
Component 2 (18.96% of the variance) (Table 5). When
the sum of the two principal components is greater
than 80%, the PCA results are considered effective in
explaining the total variability of the data (Josllife;
Cadima, 2016).

Table 4 - Percentage of stained and unstained seeds in ten batches of chickpea seeds after immersion in 10% iodine solution

for 10 and 15 minutes

10 minutes 15 minutes
Batch Stained Unstained Stained Unstained

1 18c 82¢c 13c¢c 88¢c
2 11b 89b 10b 90b
3 13b 87b 18d 82d
4 7a 93a 6a 95a
5 10b 90b 11b 90b
6 7a 93a 11b 89b
7 7a 93a 7a 94 a
8 10b 90b 11b 90b
9 21c 79c¢c 33e 67 e
10 11b 89b l4c 86 ¢C
F 16** 14** 42** 42**
CV (%) 21.7 2.7 18.0 2.7
OM (%) 11.3 88.7 13.2 86.8

** Significant (p < 0.01). Mean values followed by the same letter in a column do not differ by Scott-Knott test (p < 0.05). OM = overall mean

Figure 4 - Damage in chickpea seeds shown by iodine staining, due to: insects (A), seed coat rupture (B) and breakage (C); undamaged seed (D)
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Figure 5 - Representation of the marked variation in Euclidean distance between the variables under consideration that allowed the formation
of groups (A); dendrogram resulting from the analysis of hierarchical clustering using Ward’s method based on the Euclidean distance (B);
and characterisation of the groups by the K-means non-hierarchical method (C), obtained from the evaluation of nine parameters related to the
physiological and physical qualities of the batches, and from the iodine test in 10 batches of chickpea seeds (L). FGC = first germination count;
G = germination; AS = abnormal seedlings; DS = dead seeds; VIA = viability; VIG = vigour; DW = total damage by seed weight; DN = total
damage by number of seeds; 110 = stained chickpea seeds after immersion in 10% iodine solution for 10 minutes; 115 = for 15 minutes
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** Significant (p < 0.01); * significant (p < 0.05); ™not significant by F-test

Table 5 - Correlation of the variables with each of the principal components (PCA 1 and PCA 2), and variability of the data for the
physiological and physical characteristics and the iodine test for 10 batches of chickpea seeds

Variable PCA1l PCA2
First germination count 0.41 -0.63
Germination 0.91 -0.34
. . . Abnormal seedlings -0.88 0.29
Physiological quality
Dead seeds -0.73 0.42
Viability (TZ) 0.94 -0.25
Vigor (TZ) 0.92 -0.20
Damage by weight -0.77 -0.49
Physical quality ge Dy welg
Damage by number -0.76 -0.52
. 10 min -0.70 -0.56
lodine test .
15 min -0.83 -0.45
Eigenvalues 6.38 1.90
Total variance (%) 63.84 18.96
Accumulated variance (%) 82.80
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Two principal components, with accumulated
variances of 59% and 68%, were sufficient to express
the relevant variables in other studies, with no
significant loss of information (Hongyu; Sandanielo;
Oliveira-Junior, 2016; Tobar-Tosse et al., 2015). As
such, the rate of variance seen in the present study was
considered highly significant and representative (Table 5).

The most representative values for each principal
component were identified based on the correlation
analysis. Values greater than 0.6, whether positive or
negative, were considered discriminatory; this was
taken into account in the relationships between quality
measurements in batches of rice seeds (Lorentz; Nunes, 2013).
In this respect, only the first germination count showed
a strong negative correlation with Principal Component 2
(Table 5). The other variables showed a higher correlation
with Principal Component 1. Germination, viability
and vigour showed a positive correlation with Principal
Component 1, while the other variables showed a
negative correlation with this component (Table 5).

There was a difference between Group 5 and the
other groups (Figure 6), since this group is distant from

the variables that add quality to the seeds, and close
to the arrows for damage by weight and by number,
and seeds that were stained after 10 and 15 minutes of
exposure to the iodine solution. The greater the distance
between the batch and the eigenvector of the variable
(arrow in the biplot), the poorer the performance of the
batch for that variable (Araujo et al., 2021).

The size of the arrows indicates how representative
they are in relation to the principal components. The variables
abnormal seedlings, vigour (TZ), viability (TZ), germination,
damage by weight, damage by number, and stained seeds
by the iodine test (10 and 15 minutes), are more related to
Principal Component 1 (Figure 6 and Table 7).

In general, the batches in groups 1, 2 and 3 are
positioned towards the centre in relation to almost all
the variables of physiological quality, showing them
to be of intermediate quality (Figure 6). Group 4 is
positioned close to the variables, abnormal seedlings
and dead seeds, albeit positioned on the opposite side
of the variables, germination, vigour and viability,
since non-germinated or non-viable seeds were either
dead or produced abnormal seedlings.

Figure 6 - Biplot showing the dispersion of the first two principal components obtained from the evaluation of nine variables related
to the physiological and physical qualities of 10 batches of chickpea seeds (L). FGC = first germination count; G = germination;
AS = abnormal seedlings; DS = dead seeds; VIA = viability; VIG = vigour; DM = total damage by seed weight; DN = total damage
by number of seeds; 110 = stained chickpea seeds after immersion in 10% iodine solution for 10 minutes; 115 = for 15 minutes
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Figure 7 - Pearson correlation coefficients (r) between qualitative variables of 10 batches of chickpea seeds. FGC = first
germination count; G = germination; AS = abnormal seedlings; DS = dead seeds; VIA = viability; VIG = vigour; DW = total
damage by seed weight; DN = total damage by number of seeds; 110 = stained chickpea seeds after immersion in 10% iodine

solution for 10 minutes; 115 = for 15 minutes

FGC G AS DS VIA VIG DW DN 110 115
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** Significant (p < 0.01); * significant (p < 0.05); ™not significant by F-test.

considered discriminatory (Lorentz; Nunes, 2013)

The Pearson correlation coefficients were
determined between the nine highlighted variables and the
damage indices by the iodine test after 10 and 15 minutes
(Figure 7). The coloured ellipses represent the same
numerical results graphically, where the darker the
shade of blue and the larger the ellipse, the greater the
positive correlation coefficient between the variables.
The larger the ellipse and the more intense the red
colour, the greater the negative correlation.

Therewasapositive and discriminatory correlation
between the iodine test after 10 and 15 minutes and the
occurrence of abnormal seedlings, damage by weight,
and damage by number (Figure 7). However, the highest
correlation between the iodine test and the physical quality
of the seeds was seen after 15 minutes immersion. On the
other hand, there was a negative correlation between staining
in the iodine test and germination, seed viability and vigour.

These results show a correlation between the iodine
test and the physical and physiological qualities of chickpea
seeds; however, this correlation is higher for the physical
qualities. It is important to emphasise that physiological
seed quality is affected not only by mechanical damage,
but also by deterioration. Considering that the main purpose
of the iodine test is the rapid detection of mechanical damage
in chickpea seeds, this test is recommended at a concentration
of 10% commercial iodine for 15 minutes, and can be used
in several situations, including adjusting harvesting and
processing equipment to minimise seed loss due to mechanical
damage (Rybinski et al., 2015, 2019), receiving seeds at the
processing units, as well as for marketing in general.

CONCLUSION

The iodine test, using a concentration of 10% of the
commercial product (iodine concentration of 2%) for 15

A Pearson correlation coefficient greater than 0.6 or less than -0.6 were

minutes, is effective in evaluating the level of mechanical
damage in chickpea seeds, due to the negative correlation
between the level of staining of the seeds in the test and the
physical and physiological qualities of the seeds.
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