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ABSTRACT

The objective of this study was to develop and validate the methodology of carbon dioxide concentration in the
evaluation of vigor ofriticum aestivuni. seeds based on infrared spectroscopg proposed method quantifies CO
content using a drag system and exhaustion to the gas released by the seeds. Samples of 50 seeds of six lots of cultival
CD 123 were incubated at temperatures of 15, 25 and 40 °C. Theo@@nt released after 1, 3, 6, 9, 12 and 24 h of
incubation were quantifieddditionally, the percentage of normal seedlings eediin the field were evaluatethe
simple correlation coétients were evaluated among testiter determining the reading conditions, the precision and
accuracy of the proposed method were evaluated, using 15 lots of seeds. For the evaluation of the respiratory activity
in Triticum aestivunseeds, a sample of 25 seeds, incubated at 25 °C for a minimum of 12 h is recommended since it allows
to classify lots with different levels of vigor and predict the establishment of seedlings in the field, being the appropriate
method for measuring CQs it externalizes precision between successive measurements and agreement with the
reference method.
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RESUMO

Dioxido de carbono quantificado pelo infravermelho na avaliagéo da atividade respiratéria em
sementes de trigo

Objetivou-se desenvolver e validar a metodologia da concentragéo de dioxido de carbono na avaliagédo do vigor de
sementes d@&riticum aestivumL. com base na espectroscopia no infravermelho. O método proposto quantifica o
conteudo de C{através de um sistema de arraste e exaustao do gas liberado pelas semesttes.de 50 sementes,
de seis lotes da cultivar CD 123 foram incubadas sob temperaturas de 15;@5@uéhtificou-se o contetudo de CO
liberado ap6s 1, 3, 6, 9, 12 e 24 h de incubacéo. Paralelamente, avaliou-se a porcentagem de plantulas normais emergida
em campo. Foram calculados os coeficientes de correlagdo simples entre épigstedeterminagdo das condicdes
de leitura, avaliou-se a precisao e exatiddo utilizando 15 lotes de sementes. Para a avaliacdo da atividade respiratoria ern
sementes d&iticum aestivuntecomenda-se que amostras sejam incubada¥Ca@B um periodo minimo de 12 h, o
que possibilita classificar lotes em diferentes niveis de vigor e predizer o estabelecimento de plantulas em campo, sendo
0 método adequado para a mensuragdo dg @B externa precisdo entre medidas sucessivas e concordancia ao
método de referéncia.
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INTRODUCTION Several factors may influence the result, making it
necessary to define a methodology that allows the

Wheat {riticum aestivumL.) is a cereal of great . .
. . . .~ separation of seed lots more accurataince the
importance in the world for human and animal nutrition. If

. . . . . ma:ubation temperature and the time necessary for the
is considered a dominant crop in areas of subtropical an . . .
evaluation can affect the respiratory rates, in the case of

temperate climate; it has a significant impact on the world

icultural In Brazil. wh q i seeds with high physiological potential.
agricu urg e_conor_ny n srazil, w ose_ _omes ¢ The objective of this study was to develop and
consumption is estimated at 12.25 million tons, a

: - . . validate the methodology of carbon dioxide concentration
production of 7.89 million tons is projected for 2019, so . . o .

- . . o in the evaluation of vigor ofriticum aestivuni. seeds.
the Brazilian production of this cereal is still lower than

the supply demand (Mapa, 2016). _ MATERIAL AND METHDOS
The investigation for self-sufficiency in production
and higher productivity partly depends on the quality of Development of the carbon dioxide
the seeds used in the crafigor tests have been used in concentration method
tools used by the seed industry to eliminate low-qualitgeed sample and phisiological quality characterizaton
seed lots for commercialization. Respiratory activity is one - gy pasic seed lots of Triticum aestivum of cultivar CD
of the first biological manifestations of loss of vigorio3 were used, granted by Cooperativa Central de Pes-
(Rosentakt al, 2014) and its detection may help in thequisaAgrl’coIa — COODETEC (Central Cooperative of
monitoring and control of the quality of seed production\gricytural Research). The seeds were from the 2013 crop,
by the seed industries. with moisture content of 14.1 + 0.3%, and 30.8 + 1.2 g of
Respiratory activity is measured through thene average weight of one thousand seeds. The seeds
consumption of oxygen, calorimefnd carbon dioxide \yere received with no treatment with pesticides. During
(CO,)) content released by the respiratory process Vifle experiment, the seeds were stored in Kraft paper bo-
titration, fluorescence, and gas chromatography (MeRes and kept in a dry chamber adjusted to 20 + 2 oC, with
desetal, 2009; Schabes & Sigstad, 20I1Howeverthese 3 relative humidity of 40 + 3%.
methods require time, skilled labor and present high The following were determine@ermination - The
operational costs, limiting their diffusion in seed a”a|y3i§ermination test was conducted with four replicates of
and laboratory routines. 100 seeds, using the germitest paper roll method, packed
Carbon dioxide can also be quantified by infrare¢h a germinator at 20.0 + 2°G, in a 12-h photoperiod. The
spectroscopy (Dranskt al, 2013; Dantast al, 2015).  results were expressed as a percentage of normal seedlings
This technology enables the analysis of non-destructivtained on the eighth day after sowing, as recommended
samples and repeated measurements of a single seegythe Rules for Seednalysis (Brasil, 2009)First
even a seed sample either in the dry state or witbermination Count — The test was carried out
germination in progress in a short time, but littl&simultaneously to the germination test by counting the
information on its use in evaluating seed vigor is availablgercentage of normal seedlings obtained on the fourth
Although these studies already present indicatives day after sowing (Brasil, 2009%eedling dry mass- It
a methodology for the evaluation of the (J®leased by was obtained from the normal seedlings resulting from
the seeds, the alternative method proposed by the presiiet germination test, removed after the second count,
work suggests the modification of the collection andried in an air circulation oven at 80 °C for 24 h and the
expression of the results obtained by a gas analyzesgsults expressed in mg per seedling AST995).
Consequentlythe indication of a certain test must bePotassium leaching- The test was conducted with four
preceded by methodological validation proceduresplicates of 50 seeds, packed in containers containing 75
(Kataokeet al, 2011). mL of deionized water at 2& for three hours. The readings
The evaluation of the CQconcentration by the were obtained with the aid of a flame photometer and the
proposed infrared consists of exhausting the contentsreults expressed in umol g-1 of seeds (Favarato et al.,
the gas released by the seeds, kept in a closed system2@pl).Electrical conductivity — The test was conducted
to the gas meter detection chamidére meter chamber with four replicates of 50 seeds, packed in containers
remains at constant G@ow and concentration, serving containing 75 mL of deionized water at 25 oC for 18 h
as the baseline, much like gas chromatogratyen (Loeffler et al., 1988)Field emergence- The test was
content dragging occurs, a peak similar to that of e@onducted with four blocks of 100 seeds that were sown
chromatogram can be detected and constructed, whdséugust 2013, in furroes with 5.0 m in length and 3.0 cm
area represents its content, therefore, capable of beinglepth, with furrows spaced by 30 cm, under conditions
compared. of the field, without irrigation. The percentage of emerged
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normal seedlings was computed on day twenty-one after Data analysis

sowing (Nakagawa, 1994). A completely randomized desing was used for the
o o ) evaluation of the physiological qualifyhe emegence in
Determination of carbono dioxide concentration the field used the randomized block design. In thg CO
Quantification of CQwas performed by assessing thezoncentration evaluation, a randomized block design was
CO, content released during respiration with the aid of afised in a factorial arrangement (6 x 6), comprising six lots
IRGA gas exchange meter (LI-COR 6400 XAn.injection  and six incubation time periods. The incubation
system and a C@&free air flow coupled with the temperature factor was approached alone.
equipment, were fitted with an airflow compressor setin The data obtained were investigated as to the
140 mL min,, which injects air into a 50 mL-jar filled with normality of residue distribution by the Shapirali¥est,
soda lime properly sealed and with a rubber septum fand the homogeneity of the variance by the Bartlet test.
injectables. Plastic hoses with a diameter of 3.0 mm andabsequentlythe data were submitted to analysis of
length of 15 cm were used for connecting the systegariance. When there were statistically significant
formed by the compressasoda lime containeand sample  differences, the means between the lots were grouped by
jar, and disposable hypodermic needles (1.6 mm x 40 miie Scott-Knott test at 5% probability of ecréor the
were coupled at the endssegment of plastic hose with period, the regression analysis was used. Then, the simple
the same characteristics described above was attachedd@relation coefficients between the carbon dioxide
the equipment, one end being fixed in the IRGA gasoncentration and the results of the vigor and field
chamber and the other inserted in the sample bottlserformance tests were obtained at the level of 5% of
Therefore, two needles were inserted into the sample flagkobability of error by the t test.
at reading, and then the air flow system was run L ) o
simultaneously with the equipment. Carbon dioxide concentration method validation
For sample preparation, four replicates of 50 seeds Fifteen lots of basic seedsTiticum aestivunculti-
were used, accommodated in 50-mL glass containers, araf CD 123, harvested in 2013, with a moisture content of
then added with deionized watahose volume allowed 10.2 +0.2% were used. The percentage of germination as
to reach a moisture content of 30% (m/m), according @escribed above was evaluated.
Equation 1, then closed with a rubber septum for The concentration of CQvas obtained in 20 replicates
injectables and properly sealed. The containers were thein50 seeds that were placed in 50-mL glass containers,
incubated in BOD-type chambers at temperatures of 1then added with deionized waterose volume allowed
25and 40 oC. to reach the humidity of 30%, according to Equation 1.
The containers were incubated in BOD type chambers at
temperatures of 2% for 12 h. Expression of the results
(1) occurred as described previoushfter obtaining the
results, the Grubbs test was applied to the level of 95% of
(%?_rror probability for detection of extreme values.
" For the validation of the developed method, the
validation parameters of the precision and accuracy
Readings for carbon dioxide concentration wergroposed by ISO 5725-2 (1994) were ugdmcision—
performed at 1, 3, 6, 9, 12 and 24 h of incubation. Regardipgecision analysis was performed by repeatability
achievement of the value of each repetition, the equipmeialysis by comparing critical repeatability limit (CRL)
was self-programmed to capture the @Oncentration with total amplitude (A) at the 1% error probability level
every 0.5 s until the complete exhaustion of the contentgnd by analysis of variance. For this, ten samples were
The gas analyzer chamber was maintained at a constggid on two different days for the same lot. For the
concentration of 38amol of CQ, with a flow of 500 umol comparison of the days of analysis by lot, the analysis
s-1. From the values of each repetition, the gas peaks variance was used at the level of 5% of error
were adjusted to a log-normal distribution and the peaitobability. Accuracy - Accuracy analysis was
area was obtained, according to Equation 2 proposed p¥rformed by comparing methods using the gas
Felinger (1998) and the results expressed in mmol gf Clhromatography results as the reference. For that
per gram of seeds. purpose, 2-mL samples were extracted from four
2 replicates per lot with the aid of a 2.5-mL analytical
A In (t - to) : . .
f(t)=~ EXP { O.S(TH (2) syringe and then injected into a gas chromatograph
equipped with a methanatdlame ionization detectpr
WhereA = peak aregimol CQ,); and hydrocarbon capillary column.

MA—[MA* %(J)]

1-(0.01 * GUD)

Vol (g) =||MA -

Where: MA — sample mass (g); GU: moisture content
GUD — moisture content to be reached (%).
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Concentration of COwas quantified by comparing ~ When the results of laboratory tests are compared
the areas of the chromatographic peaks of the sampleih field performance @ble 1), it was observed that tests
and the analytical standard of (;@he results were based on membrane integrity allowed to predict the field
expressed in mmol CQOg*. The simple correlation performance of wheat seeds, considering that the lots with
coefficient between the results obtained by infrared aritle highest percentage of emergence in the field (lots 5
gas chromatography (reference) was calculated, and tted 6) differed between exudate release rates, while the
test was applied at a 5% probability of error in thether tests did not present detection of sensitivity

comparison of the methods. The loss of vigor is a result of physiological,
biochemical, physical and ontogenetic changes that occur
RESULTSAND DISCUSSION in advance of the loss of viability (Menezes et al., 2014),

which corroborates with the results of the vigor tests for
Determination of carbon dioxide concentration  jntermediate emergency rate lots (Lots 2, 3 and 4).

The evaluation of the physiological quality indicated The concentration of CO2 released by wheat seeds
the occurrence of significant differences in the percentages adjusted to the exponential model when incubation
of normal seedlings of the germination test{fE 1).Two  was carried out at temperatures of 15 and 250C (Figure 1).
groups were formed, where the one with the lowest viabilifyor samples incubated at 400C, the data were adjusted to
resulted in a germination of 94% and the other lots withasigmoidal model of three parameters, and after 18 h, the
mean of 98%, with all lots showing a germination percentagint of maximum inflection of the curve was obtained,
greater than the minimum (70%) recommended by Normatiidicating that from this moment, the increase in CO2
Instruction 45/2013 of the Ministry &@riculture, Livestock concentration is minimum and stability begins, culminating
and Supplywhich deals with the establishment of identityin the threshold. This moment is indicative that even with
and quality standards for the production anthe advancement in hydration, the respiratory activity
commercialization of Triticum aestivum seeds (Brasil, 2013pecomes limited by decarboxylation and phosphorylative

The vigor assessment indicated that membramapacity (Véitbrechtet al,, 2011).
integrity measured by potassium leaching tests and The intense respiratory activity in the first hours of
electrical conductivity (&ble 1) were the most sensitiveimbibition is necessary for the generation of the redox
tests in the separation of lots with similar germinatiorstate (Rosentait al, 2014) and the energetic requirement
due to the formation of three groups. Such groups coverisddirected to the production of systems of removers of
lots 2 to lot 6, suggesting that the highest velocity akactive forms of oxygen in seeds of lower physiological
restoring of cell membrane integrity during imbibitionpotential submitted to supra-optimal temperatures
results in lower releasement of solutes to the outer med@antas et al., 2015).
in higher vigor seeds (Marcos Filho, 2015). The loss in According to Figure 1, the reduction in the
the integrity of biological membranes is an effect causexbncentration of CQreleased from wheat seeds is
by the deterioration that occurs in advance to the loss dticeable as a function of the reduction in temperature,
germination speed and seedling growth (Benaghat, and after 24 h of incubation at 15 oC, the reduction in the
2003) because these physiological effects evaluated B, release is three times lower than that observed at 40
the test of the first germination count and dry mass @iC. Modulation in the enzymatic kinetics is directly
seedlings, respectivelgnly allowed the formation of two proportional to the temperature at which seeds are found
groups of the respective plots. (Bandeira et al., 2013), besides reflecting the thermal

Table 1: Percentage of normal seedlings in germination test (NS), first germination count (FC), dry mass of seedlings (PDM),
potassium leaching (KL), electrical conductivity (EC) and field gymece (FE) of six lots diriticum aestivunCD 123 seeds

L NS FC PDM KL EC FE
ot

% mg? umol g* —uScm g %
1 94.0b 91.0b 21.55¢c 188.50a 42.22a 91.0c
2 97.0a 93.5b 22.54b 182.96a 39.90a 93.0b
3 98.0a 92.5b 22.52b 185.66a 38.04b 94.5b
4 97.0a 94.5a 23.64a 171.07b 38.87b 93.5b
5 97.0a 96.0a 23.67a 156.64b 36.63b 98.5a
6 99.0a 95.0a 23.45a 73.82c 23.85c 97.5a
CV (%) 1.8 1.9 1.9 7.2 5.1 1.8

Means followed by the same lowercase letter in the column do not differ statistically from each other at the level of 5% of error probability
by the Scott-Knott test.
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requirements necessary for the occurrence of roexkistence of a significant negative correlation (p < 0.05)
production (Patane &vola, 2013). from 9 h of incubation, when incubated afCHTable 2).

Therefore, the objective of temperature manipulatioRor samples incubated at 25, correlation coefficients
in the evaluation of respiratory activity is to expose thlower than -0.85 were obtained after three hours of
seeds to adverse conditions from that considerédcubation. These results indicate that field emergence
optimum, since the ability of seeds to germinate undenaas inversely proportional to the concentration of the
broad thermal limit is a manifestation of their vigorreleased CQ Therefore, seed lots that release less CO
Therefore, seeds that tolerate a greater thermal variatiper unit of mass are the ones with the best performance in
are the most vigorous and susceptible to segregation ttne field. For samples incubated at°@) no significant
respiratory activity correlation was found.

It was possible to separate lots of wheat seeds at threeThe increase in CQrontent released as a function of
vigor levels after 24 h of incubation at 26. The loss of viability is linked to the structural changes in the
composition of groups occurred similarly to that observeliological membranes caused by lipid peroxidation, which
after 12 and 24 h of incubation at Z5 (Table 2).The influence the viscosifyermeability and cellular functions
incubation at 40C allowed the separation of the lot withof the mitochondria (Shaban, 2013). Therefore, the passage
lower physiological potential, therefore, when the objectiviom the dry state to the fluid of the cell membranes
is seed vigor evaluation, the use of this temperature is rbmotes the rapid diffusion and capillarity of the water
recommended since it was not possible to separate lotsrohged seeds, and the advance in the faster absorption of
higher physiological potentials from the intermediary viwater causes the mitochondria present in dry seeds to
gor. resume its metabolic activity more quickigsulting in a

It is also stressed that the composition of the groupsgher CQ release in wheat seeds, as it can be illustrated
arranged after 24 h at 36 and after 12 h of incubation at by the correlation coefficient of 0.83 (p = 0.0321) between
25°C, the similarity of the observed one to field emergendée values obtained by the electrical conductivity test
(Table 1), whose lots with the highest egeercy rate with the CQ concentration released after 12 h of
released a CO14% lower than the lot with reducedincubation at 28C.
physiological potential, as well as the average values Attention should be given to the fact that the
obtained after 24 h of incubation at™Swere similar to germination speed and the seedling growth rate were
those obtained with a 12 h incubation aP@5reducing inversely proportional to the content of C@leased,
by half the period of time necessary to separate the lotscansidering that the simple correlation coefficients were -
different levels of vigor 0.92 and -0.88 (p < 0.05), respectivelpich corroborates

The simple correlation analysis between the valuesith those reported by Rosentad al. (2014), whose
obtained from the CQconcentration and the percentageespiratory activity is indicative of vigor and its reduction
of normal seedlings emerged in the field revealed thdirectly affects the speed and growth rate of the seedlings.

100
B £15°C=-8755+8357* exp (0.052* x) R*=0.99p <0.001
O £25°C=-35320 + 34.173 * exp (0.038 * x) R*= 0.99 p < 0,001

] © fH0°C=8689/(1+ew (- (x-10488)/ 3.748)) R*= 0.99 p <0.001

CO, (mmol g'] )

1 3 6 9 12 24
Incubation time period (h)

Figure 1:Concentration of Creleased froniriticum aesteviun€D 123 seeds as a function of time and incubation temperature.
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The high coefficients of correlation between the Evaluation of accuracy by comparing the critical limit
concentration of CQobtained with the percentage ofof repeatability (CLR) indicated an acceptable repeatability
emerged seedlings suggest that the methodology whas the 15 tested lots since results of individual total am-
efficient in the prediction of the establishment of seedlingditude remained below the calculated critical limit at a
in the field, howevertemperatures lower than or equal tasignificance level of 1% (Figure 2b). These results express
25°C allow the greater separation of the lots, resulting ithe degree of agreement between the results of successive
greater sensitivity in detecting differences in physiologicaheasurements of the same measurand (represented by
potential inTriticum aesteviunseeds not detected byseed lots) carried out under the same predetermined
viability tests, therefore, with the potential to classify lotsneasurement conditions.

according to their performance potential. According to the analysis of variance, there was no
o o evidence of significant differences in the obtention of the
Validation of the analitical method concentration of CQin different working days (@ble 3),

The test of Grubbs applied in twenty replicates for thehich indicates precision in the achievement of the results
fifteen lots did not detect the presence of extreme valufs the 15 lots of wheat seeds, since even with the changing
(Figure 2a). This test verifies the existence of an atypicad the shifts, the method allowed to obtain statistically
value at each end of the set (Ckual, 2009). Extreme identical results.
values can be considered as a natural variation in a set of The results for the accuracy analysis showed
data or even by errors of measurement, execution, aagreement between the quantification by the infrared gas
operation. analyzer and that obtained by gas chromatography

Table 2: Concentration of C{released fronTriticum aesteviun€D 123 seeds as a function of the lot and incubation time and its
correlation (r) with the percentage of the emergence of seedlings in the field

Incubation time period (h)

(Toec';"perat“re Lot 1 3 6 9 12 24
mmol-g

15 1 0.30a 0.90a 2.62a 4.74a 733a  21.73a
2 031a 0.94a 2.46a 4.453 743a  21.00b
3 0.34a 0.86a 251a 4.19a 718a  20.67b
4 0.29a 0.88a 2.77a 4.22a 723a  2021b
5 0.28a 0.94a 2.85a 4.10a 6.79b 18.95¢
6 0.20a 0.53a 2.19a 4.03a 6.73b 18.55¢

CV (%) 9.17

r -0.54 20.40 -0.03 0.89° 097 -0.95

25 1 0.83a 2.95a 7.88a 12.46a 21.54a 5231a
2 0.93a 2.76a 7.62a 12.10a 20.17b 50.66b
3 0.79 2.59a 739 11.93a 20.15b 49.28b
4 0.76a 2.69a 7.06a 11.86a 19.98b 50.43b
5 0.88a 2.55a 7.03a 11.77a 18.54¢ 48.56¢
6 0.48a 2.42a 6.95a 11.48b 18.62¢ 47.77¢

CV (%) 6.49

r -0.37 -0.91" -0.85° -0.87" -0.95° -0.94°

40 1 1.34a 751a 20.29a 35.18a 53.54a 91.25a
2 1.43a 6.85a 20.16a 34.93a 5004a  87.58b
3 1.44a 7.55a 19.93a 35.72a 5258a  86.21b
4 1.45a 6.94a 19.37a 33.98a 49992  84.88b
5 1.32a 6.87a 19.34a 35.12a 4972a  85.76b
6 1.12a 7.17a 20.56a 34.41a 4860a  83.20b

CV (%) 26.10

r -0.49 0.18 -0.53 -0.34 -0.13 0.10

Means followed by the same lowercase letter in the column do not differ statistically from each other at the level of 5% of error probability
by the Scott-Knott test. ** Significant at 5% of error probability by the test t.
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(reference method), considering that no significarfor the concentration of CQOeleased, with averages
differences (p > 0.05) were detected between the methadsging from 22.39 to 18.46 mmat €0O,, outlining the
by t test (Bble 4) Also, the correlation analysis showedsensitivity of the method to detect differences in the
a simple correlation coefficient of 0.97 (p < 0.0001physiological potential in seeds with similar germination.
suggesting a linear and directly proportional relationship is also observed the tendency of reduction in the release
to that obtained by gas chromatography of CQO, as the germinative rate increased, considering that
The results obtained for normal seedlings indicatetthe inverse relation between the tests resulted in a
that among the fifteen seed lots, it was possible to foroorrelation coefficient of -0.93 (p < 0.0001).
two feasible groups, with germination percentage of 98 Aditionaly, the methodology proposed in the present
and 95%, respectivelyhe group that presented a higheistudy can be widely used in the quality control of seed
germination rate resulted in the formation of four groupgroduction, processing, and storage in wheat seed

4 8
(a) T Ziab (n=20 a=95%) = 2-71 (b) [ — ﬁ'\LR
5o A
— T+ 1 {1+ o)
SN
. |e s o = y _
E ° 2 M
S 24 @ 2 4- ) -
[ ] ..‘.. ® = —
. s g
! 0ceoe ..0 =
L 8. R z |
8 o [ I ° = 2
| -'l' s ii'
$ ofis
pdgdicsfiagg et
12345678 9101112131415 123456 78 9101112131415

Lots

Figure 2: (a) Extreme value test (Grublig'st) applied to the results of the Céncentration in fifteen seed lots Giticum
aesteviunCD 123. (b) Precision analysis by comparing critical limit of repeatability (CLR) with total amplitude (A).

Table 3: Repeatability evaluation by comparing days of analysis per Idtsticim aesteviun€CD 123 seeds.

First day Second day

Lot (n=10) (n=10) ANOVA
mm0| gl QMdia Fcalc P

1 2495+ 1.22 24.74 £0.72 0.229 0.227 0.639
2 23.71+£1.64 25.10+1.23 9.638 3.113 0.065
3 23.71+1.09 23.99+1.21 0.406 0.306 0.587
4 23.75 +1.57 24.00 £ 1.40 0.306 0.138 0.714
5 23.43+0.74 23.91 +0.96 1.142 1.549 0.229
6 23.37+1.22 23.87 +1.61 1.218 0.600 0.449
7 22.31 £1.50 22.82+£1.88 1.287 0.445 0.513
8 22.59 +1.09 22.53+1.20 0.021 0.016 0.902
9 21.98 +0.94 21.64 +1.07 0.584 0.577 0.457
10 21.04 £0.93 21.21+0.84 0.149 0.191 0.668
11 20.86 £ 1.21 21.32+1.16 1.043 0.741 0.401
12 20.29+1.91 21.29+1.50 4.980 1.686 0.211
13 20.19+1.24 20.25+1.12 0.019 0.014 0.908
14 19.42 + 1.15 20.13 £1.37 2.557 1.600 0.222
15 17.97 £ 1.41 18.94 + 1.16 4.691 2.821 0.110
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Table 4:Accuracy analysis by comparison of the @0ncentration by the reference method with the proposed method, by simple
correlation (R) and comparison of means of the proposed method and percentage of normal seedlings (PN) ofrlticiots of
aesteviunCD 123.

Reference method Proposed method

Lot (n=4) (n=20) PN Prest
mmot g %

1 25.69+1.73 24.84 +0.98 a 94 b 0.18
2 2477 +2.70 2440 +1.58 a 95 b 0.71
3 23.32+1.48 2385+1.13b 96 b 0.46
4 2296 +1.71 23.78+1.45b 95 b 0.45
5 23.72+0.49 23.63+0.81b 96 b 0.83
6 23.43 +2.39 2362+1.41b 96 b 0.36
7 2194 +251 22.39+1.49c 97 a 0.63
8 22.55+2.26 2235+121c 98 a 0.80
9 21.31+0.70 21.81+1.00d 98 a 0.36
10 20.79 +1.26 21.13+0.86d 98 a 0.51
11 20.55 +0.97 2094 +1.18d 98 a 0.40
12 21.45+0.24 20.68+1.75d 99a 0.46
13 1987 +1.71 20.12+1.158e 99 a 0.60
14 18.42 £ 0.70 1959+1.29e 99 a 0.59
15 19.13 £ 0.45 1846 +1.35f 99 a 0.34
R 0.9% 0.0001

Where: p . and p = probability of significance by the two-tailed t test. Means followed by the same lowercase letter in the column do not
differ statistically from each other at the level of 5% of error probability by the Scott-Knott test.

industries, as well as in quantifying the respiratory activitjrasil (2009) Regras para andlise de sementes. Brasilia, Mapa/
of biological organisms that result in the release of CO ACS. 395p.

de programa interlaboratorial - como uséa-los. Quimica Nova,
CONCLUSIONS 32:2209-2213.
. . L .. Dantas BFSilva RCB, Ribeiro RC &ragao CA(2015) Respiration
For_the evaluatpn of the reSp'ra_tory_a_Ct'V'ty in Triticum and antioxidant enzymes activity in watermelon seeds and
aestevium seeds using ggoncentration, itis recommended  seedlings subjected to salt and temperature stredsesvican
to incubate the samples at®®5for a minimum period of 12~ Journal of Experimentahgriculture, 7:70-77.

hours, which allows to classify lots with different levels obranski JAL, Pinto JunioAS, Herzog NFM, Malavasi UC,

vigor and to predict the establishment of seedlings in theMalavasi MM & Guimarées/F (2013)Vigor of canola seeds
through quantification of CQemission. Ciéncia égrotecno-

field. Based on the intra-laboratory validation, this logia, 37:229-236.
methodology is adequate for the measurement aof iI€O

. oy q . . 9 Favarato LF RochaVs, Espindula MC, Souza M& Paula GS
seeds, since externalize precision between SUCCesSiVBo11) Teste de lixiviagio de potassio para avaliacio da quali-

measurements and agreement with the reference method. dade em sementes de trigo. Revista Brasileira de CiéAgids
rias, 6:670-674.
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