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Quinoa has grown importance in the world due to the nutritional quality of its grains and crop 
adaptability to diverse climatic conditions. One problem that limits its cultivation is the reduced viability 
of seeds during storage and the information is rather scarce. This work aimed at evaluating the 
physiological quality of quinoa seeds along time when submitted at storage conditions and packaging. 
An entirely randomized experiment was conducted on factorial scheme 2 x 3 x 6 with four repetitions. 
The treatments consisted of  2 storage conditions: lab environment and Biochemical Oxygen Demand 
(B.O.D.) chamber set at 4±2°C and 90% relative humidity (RH); 3 package types: permeable, semi-
permeable and impermeable; and 6 evaluations: before storage (0), 60, 120, 180, 240 and 300 days after 
storage. Seed viability was determined by the standard germination test while vigor by accelerated 
aging test, emergence in sand and emergence speed index. The use of impermeable packaging kept at 
low temperature maintained the physiological quality of seeds during 300 days of storage. The seeds 
kept in permeable or semi-permeable packaging under uncontrolled temperature and humidity 
conditions were viable only for 180 days. The permeable package using kraft paper was the least 
efficient to conserve physiological quality of quinoa seeds. It was demonstrated that quinoa seeds are 
rather sensitive to high temperature, loosing viability in short time. 
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INTRODUCTION 
 
Quinoa (Chenopodium quinoa Willdenow) is a 
pseudocereal of the Amaranthaceae family originated 
from the Andes of South America where it has been 
cultivated since more than 5,000 BC (Abugoch, 2009). 
The protein of its grains has a balanced amino acid 
composition, with higher quantities of lysine (5 to 8%) and 

methionine (2.4 to 5.1%) than most cereals (Stikic et al., 
2012). The grains are also rich in minerals and vitamins 
being gluten free and most utilized by celiac patients 
(Nascimento et al., 2014). Moreover, the content of fiber 
is 25% higher than the one found in wheat and maize 
(Lamothe et al., 2015). 
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The largest world producers are Peru and Bolivia 
reaching respective 52,129 and 50,489 metric tons in 
2013 (FAOSTAT, 2014). This represents only a small 
fraction of the world’s demand. For this reason there has 
been growing interest to adapt and cultivate quinoa in 
North America, Europe, Asia, Africa and Australia (FAO, 
2011). It was first introduced in Brazil in the 1990’s 
aiming at diversifying cropping systems in the savannahs. 
Studies have been undertaken to select genotypes 
adapted to the growing conditions of the Brazilian grain 
cropping areas, culminating with the release of BRS 
Syetetuba. It has shown favorable characteristics as 
grain yield of 2.3 Mt ha

-1
 phenotypic homogeneity and 

relatively large grains, with the 1,000 seed weight varied 
between 2.5 and 3.3 g (Spehar et al., 2011). 

The ample adaptation and commercial production of 
quinoa in Brazil depends, however, of seed quality 
studies. One of the major problems restricting the quinoa 
crop in sub-tropical and tropical regions of the world is 
the seed quality. The end products of quinoa are aquene 
type fruits, with the shape of flat cylinders. They have a 
layer of dead cells surrounding the seeds. They are 
highly hygroscopic, presenting root protrusion in short 
time, 6 to 10 h after imbibing (Parsons, 2012). Therefore 
seeds can deteriorate rapidly in wet and high temperature 
environments (Ceccato et al., 2011). 

The essential practice common to grain crops is the 
storage of seeds until next crop season. Their 
deterioration can be prevented by suitable storage to 
keep seed viability (Krohn and Malavasi, 2004; Lins et al., 
2014). In the storage environment air relative humidity 
followed by temperature are the factors affecting 
physiological quality of seeds, interfering directly with 
their metabolic processes (Sravanthi et al., 2013). 

Relative air humidity affects directly the water content 
in seeds and, when combined to high temperatures, 
intensifies seed respiration (Marcos, 2005). The 
consequences of higher respiration are the humidification 
and the warming up of seed mass, aggravated by the 
action of micro-organisms and insects (Baudet and 
Vilella, 2006). Seeds consume internal reserves, causing 
weight loss and drastic decline of germination (Carvalho 
and Nakagawa, 2012). 

The packaging of seeds during storage could be 
valuable in maintaining their physiological maturity, 
depending on their intrinsic characteristics as 
permeability. The types of packages used in storage 
could have direct effect on the quality by preventing or 
not humidity exchange between seeds and the 
environment (Medeiros and Zanon, 2000). The main 
function of packaging seeds is to retard their deterioration 
by reducing respiration (Hong and Ellis, 2003; Tonin and 
Perez, 2006). The storage conditions and onion (Allium 
cepa L.) seed viability was studied utilizing cloth and 
paper, rigid polyethylene and paper, rigid polyethylene, 
flexible polyethylene, aluminum foiled flexible 
polyethylene and tin. Seed  vigor  at  20°C  and  50%  RH 

 
 
 
 
was not affected by package type, while at uncontrolled 
room temperature cloth, polyethylene and rigid 
polyethylene seeds reduced vigor (Caneppele et al., 
1995). Crambe (Crambe abyssinica H.) seeds stored in 
tin at room temperature had better performance than in 
polyethylene terephthalate (PET) bottles, polystyrene 
box, and polyethylene bags (Cardoso et al., 2012). In 
Cajanus cajan L., PET bottles and polyethylene bags 
were more efficient than Kraft paper turning evident that 
this was associated with low temperature (Lisboa et al., 
2014). 

Every plant species has its particularities of seed 
viability and conservation, mostly related to the 
environment it was domesticated and adapted. Such is 
the case of quinoa, originated in the Andean Mountains 
at 3,800 m above the sea level. Therefore, in adapting its 
cultivation to the low altitude high temperature in tropics 
seed quality is a setback. This study aimed at evaluating 
the effect of packaging and environments in maintaining 
the physiological quality of C. quinoa seeds. 
 
 
MATERIALS AND METHODS 
 
The work was conducted in the Laboratory of drying and storage 
plant products of the Agricultural Engineering Couse, State 
University of Goiás, Anapolis, GO, Brazil, between February and 
November 2012. 
 
 

Quinoa fruits 
 
The quinoa fruits, and treated here as seeds, were of cultivar BRS 
Syetetuba, grown in the 2011 summer cropping at Emater 
Extension Service farming and experimentation area in Anápolis 
Goiás, Brazil. It is located at an altitude of 980 m above sea level, 
48°18’23”WM and 16°19’44”SL. At physiological maturity, seeds 
had 20% wet basis (w.b.) moisture. After harvest, the seeds were 
dried down in forced ventilation greenhouse at approximately 60 m

3
 

min
-1

 m
-2

 and temperature of 35°C until moisture level reached 
13.5% w.b. 
 
 

Experimental design and treatments 
 

The experimental design was entirely randomized on 2 x 3 x 6 
factorial scheme with 4 repetitions. The treatments were: natural 
laboratory conditions and Biochemical oxygen demand (B.O.D.) 
chamber set at 4±2°C e 90% R.H. Three packaging types were 
used: impermeable – 250 ml, 0.126 mm PET bottles sealed with 
paraffin; semipermeable – 0.125 mm aluminum foil sealed with 
permeable sticking tape; and permeable – double-foiled Kraft paper 
bags sealed with sticking tape. The six evaluations were made at 0, 
60, 120, 180, 240 and 300 days after beginning of experiment. 

The respective maximum, (Tmax), mean (Tmean) and minimum 
(Tmin) temperatures and relative humidity in the storage 
environment during the experiment are presented (Figures 1 and 
2). 
 
 

Seed physiological quality 
 

From the beginning of experiment up to 300 days seeds were 
evaluated by the following  tests:  i)  water  content – seed  samples
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Figure 1. Maximum, average and minimum temperature and relative humidity in the B.O.D. chamber during 
the storage of quinoa seeds. 

 

 
 

 
 

Figure 2. Maximum, average and minimum temperature and average relative humidity in the laboratory 
environment, in Anápolis, Goiás, Brazil, during the storage of quinoa seeds. 

 
 
 
were placed on greenhouse at 105 ± 3°C for 24 h, on three 
replicates following the standard procedure test (BRASIL, 2009); ii) 
germination – a sample of 200 seeds from each storage package 
was divided into 4 replicates and sown on transparent plastic boxes 
(11 x 11 x 3.5 cm) containing distilled water soaked filter paper 2.5 
times the weight. The boxes were placed in the dark with alternated 
temperatures of 25 to 30°C for 8 to 16 h. (Dias et al., 2003). Normal 
seedlings were scored on the 10

th
 day following the standard 

procedure test (BRASIL, 2009); iii) first germination count – it was 
conducted simultaneously with the germination test with evaluation 
of normal seedlings rate on the 7

th
 day (BRASIL, 2009); iv) 

accelerated aging: 12 g seeds were uniformly distributed on wire 
mesh placed in transparent plastic boxes (11 x 11 x 3.5 cm) 
containing 40 ml NaCl saturated solution (40 g .100 ml

-1
 in distilled 

water). The boxes were covered and kept in B.O.D. a 45°C for 48 h, 
being subsequently submitted to germination test, followed by 
evaluation of normal plants on the 7

th
 day; v) emergence – from 

each storage treatment four replicates of  50  seeds  were  sown  in 

autoclaved washed sand at 120°C, in 10 cm long furrows 1.5 cm 
deep. The trays were kept in the laboratory and daily irrigated by 
micro-sprayers to keep the substrate highly moist. Evaluation was 
conducted on the 10

th
 day, expressing the results in percent of 

normal plants (Krzyzanowski et al., 1999); vi) emergence speed 
index (ESI): the test was conducted simultaneously with 
emergence, by scoring daily and at the same time the number of 
emerged plants. At the end of test, ESI was calculated by the 
Maguire (1962) formula - IVE = E1+E2+E3+...+En/N1+N2+...+Nn, 
where E1, E2,. En = number of emerged plants at each day and 
N1, N2,... Nn = number of days from sowing until last count. 
 
 

Statistical analysis 
 

Analysis of variance was conducted for the observations and the 
values expressed in percentage were transformed in 

arcsen √     . Means were compared by  Tukey  test  at  the  0.05
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Figure 3. Moisture content of the quinoa seeds (% w.b.) stored in different environments and packages during 300 days. 

 
 
 
probability level. The interaction of storage period x packaging type 
was submitted to regression analysis, at 5% de probability by F test. 
All statistical analysis utilized Sisvar 5.3 programme (Ferreira, 
2011). 
 
 

RESULTS AND DISCUSSION 
 
The seed water content for packaging and environments 
are presented in Figure 3. In the laboratory environment, 
as would be expected, showed higher oscillation in 
temperature and relative humidity as related to seasonal 
variations along the year. In B.O.D. the relative humidity 
was constantly high and related to low temperature (4 
±2°C). Association of low temperature in storage and 
increase in relative humidity has been demonstrated by 
Regalo and Brena (2006). 

The higher water content in B.O.D. stored seeds was 
related to increased relative humidity. Therefore, seeds 
packed in permeable Kraft paper had the equilibrium 
reached at 60 days of beginning, presenting average 
value of 16% w.b. The hygroscopic equilibrium has 
occurred when the water vapour pressure in seeds 
equals to the air water vapor pressure, after they were 
exposed to a long storage period (Amaral and Baudet, 
1983; Silva et al., 2008). In environments with constant 
variations in humidity seeds are exposed to fluctuations 
in water content. This was verified in seeds maintained in 
Kraft paper packages at laboratory condition. At 180 days 
from beginning of experiment, in July when relative 
humidity was 73%, 10.8% w.b. was obtained. It should be 
worth emphasizing quinoa seeds are aquene fruits that 
possess a permeable outer layer of dead cells turning 
them prone to exchange moisture (Spehar et al., 2015). 

In both laboratory and B.O.D. environments the seed 
water content of impermeable package (PET bottle) altered 

during storage periods. This could be related to increased 
respiration rate and intrinsic biological factors proper to 
each seed type (Almeida et al., 1999; Carvalho and 
Nakagawa, 2012). Experiments with seeds of Copaifera 
multijuga and Caesalpinia pyramidalis, kept in 
impermeable packages showed similar pattern in storage 
(Silva et al., 2011; Oliveira et al., 2011). The analysis of 
variance for physiological seed quality of quinoa during 
storage showed that environment (E), packaging (P), 
period (PE) and the interactions ExP and ExPE had an 
effect on all observations (p<0.05). Except for 
germination, the interaction ExP influenced significantly 
the results with other seeds tests (p<0.05). The 
interaction ExPxPE influenced significantly only the 
emergence speed index and accelerated aging (p<0.05). 

The high relative humidity in B.O.D., independently of 
package type, did not affect germination rate of seeds 
during storage. In the laboratory, the germination 
decreased steadily turning the seeds unviable at 300 
days (Figure 4). Physiological quality of seeds could be 
maintained for some time under controlled condition 
storage, but what was lost cannot be recovered unless 
there is dormancy (Carvalho and Nakagawa, 2012), 
which is not the case. 

The rate of normal plants decreased along time in all 
packages tested. However, this was more evident for 
seeds kept in Kraft paper which had reduced seed 
viability as soon as 60 days comparatively lower than 
PET bottles and aluminum foil with decrease viability at 
120 days (Figure 5). Seeds of sunflower and pigeon pea 
also decreased germination when stored in Kraft paper, 
compared the seeds stored in semi-permeable and 
impermeable (Lins et al., 2014; Lisboa et al., 2014). 

The first count and emergence tests for seeds kept in 
B.O.D.  showed  seed  viability   during   all   the   storage

Figure 2. Maximum, average and minimum temperature and average relative humidity 

in the laboratory environment, in Anápolis, Goiás, Brazil, during the storage of quinoa 

seeds. 

 

Figure 3: Moisture content of the quinoa seeds (% w.b.) stored in different 

environments and packages during 300 days. 
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Figure 4. Quinoa seed germination from storage in different environments during 300 
days. ** Significant at 0.01 probability. 

 
 
 

 
 

Figure 5. Seed germination of quinoa kept in different packages during 300 days. 
**Significant at 0.01 probability. 

 
 
 

period, contrary to what was verified for the seeds kept in 
laboratory, which presented sharp decrease in vigor 
(Figures 6 and 7). The reduction in seed vigor in this case 
may have been related to variations in temperature and 
relative moisture during storage (Marcos, 2005).  Seeds 
kept   in  impermeable  PET  bottle  and  semi-permeable 

aluminum foil had similar performance in the first count 
and emergence test (Figure 8), being superior to 
permeable Kraft paper package. The result could be 
associated to the thickness of semi-permeable aluminum 
foil, 0.25 mm maximum value for this type of packaging 
material  (Baudet,  2003).  Seed  moisture  had  the same 



1304          Afr. J. Agric. Res. 
 
 
 

 
 

Figure 6. First count germination of quinoa seeds stored at laboratory and B.O.D. condition 
during 300 days. ** Significant at 0.01 probability. 

 
 
 

 
 

Figure 7. Seedling emergence of quinoa seeds stored at laboratory and B.O.D. 
condition during 300 days. ** Significant at 0.01 probability. 

 
 

 
trend as in PET bottle, turning evident vigor is directly 
influenced by water content (Rao and Singh, 2006). 

First count and emergence tests were also sensitive  to 

detect significant differences for E x P interaction (Tables 
1 and 2, respectively). Vigor was superior for all 
packaging types when stored in  B.O.D.  chamber.  When
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Figure 8. Germination at first count and emergence of seedlings from quinoa seeds kept in different packages during 300 days storage. 
Significant at *0.05 and **0.01 probability. 

 
 
 

Table 1. Germination at first count of quinoa seeds kept in different environments and packages.  
 

Storage environment 
Package 

PET Aluminum foil Kraft paper 

B.O.D. 90
Aa

 93
Aa

 90
Aa

 

Natural (laboratory) 75
Ba

 74
Ba

 61
Bb

 
 

Means followed by the same capital letter in column and low case letter in the line are not statistically different (Tukey’s 
test, p <0.0 5). 

 
 
 

Table 2. Emergence of quinoa seedlings from seeds stored in different environments and packages. 
 

Storage environment 
Package 

PET Aluminum foil Kraft paper 

B.O.D. 90
Aa

 90
Aa

 86
Ab

 

Natural (laboratory) 82
Ba

 80
Ba

 64
Bb

 
 

Means followed by the same capital letter in column and low case letter in the line are not statistically different 
(Tukey’s test, p<0.0 5). 

 
 
 
emergence is observed, there was no significant 
difference for packaging, while the Kraft paper had 
significant effect in reducing it. Under uncontrolled 
laboratory environment, PET bottle and aluminum foil, 
showed no significant differences, although superior to 
Kraft paper package. The latter are permeable to water 
vapor, justifying the fluctuations in seed water content 
and reduction in vigor (Marcos, 2005). 

The emergence speed index was more sensitive to 
detect significant difference in the environment x 
packaging x period. From 180 days after beginning of 
storage, there appeared a significant difference between 
laboratory and B.O.D. chamber conditions.  In  the  latter, 

vigor reductions were lower than room conditions for the 
three package types during the time evaluations were 
made (Figure 9). This can be attributed to gradual 
deterioration in B.O.D. related to lower seed respiration 
and metabolic processes under reduced and constant 
temperature (Das et al., 1998). 

In the first 120 days of storage, seeds for all packaging 
types kept in B.O.D. conditions and kept in PET bottle 
and aluminum foil in laboratory, had similar results 
(Figure 9), except the ones kept in Kraft paper package, 
which declined rapidly from 60 days, turning unviable at 
180 days after beginning of experiment, similar to seeds 
of     Adenanthera     pavonina      L.     and    Sebastiania  

during 300 days. ** Significant at 0.01 probability. 

 

Figure 8: Germination at first count and emergence of seedlings from quinoa seeds kept 

in different packages during 300 days storage. Significant at *0.05 and **0.01 

probability.  
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Figure 9. Emergence speed index (E.S.I.) of quinoa seedlings coming from seeds stored in different 
environments and packages during 300 days. (A1: B.O.D.; A2: laboratory; E1: PET botle, E2: aluminum 
foil and E3: Kraft paper). Significant at * 0.05 and ** 0.01 of probability according to test F.  

 
 
 
commersoniana (Oliveira et al., 2012; Santos and Paula, 
2007). 

In the accelerated aging test there was also significant 
interaction for environment x packaging x period (Figure 
10). The interactions that maintained the vigor, by the 
accelerated aging test, for all storage periods, were in 
lots of the kept seeds in PET bottle and aluminum foil in 
B.O.D. In the other treatments seed vigor decreased as 
early as 60 days. As in the other tests, seeds were more 
vigorous for all types of packages when kept in B.O.D. 
controlled low temperature, with the exception of the 
ones kept in Kraft paper reducing to zero at 240-300 
days. These were kept viable  until  180  days  but  in  the 

uncontrolled laboratory conditions they became unviable 
at 120 days. 
 
 
Conclusion 
 
Quinoa seeds maintain physiological quality for long 
period (300 days) when kept in impermeable package and 
low temperature (4±2°C). Under uncontrolled temperature 
and moisture semi-permeable and impermeable package 
seeds are viable until 180 days of storage. Permeable 
package as Kraft paper is the least efficient in conserving 
physiological quality of quinoa seeds.  
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Figure 10. Germination assessed from the accelerated aging test for quinoa seeds stored in 
different environments and packages during 300 days. (A1: B.O.D.; A2: laboratory; E1: PET 
bottle, E2: aluminum foil and E3: kraft paper). ** Significant at 0.01 probability. 

 
 
 
Conflict of Interests 
 
The authors have not declared any conflict of interests. 
 
 
ACKNOWLEDGEMENT 
 
The authors are thankful to CAPES and the State 
University of Goiás for scholarship and support to the 
research. 
 
 
REFERENCES 
 
Abugoch LE (2009). Quinoa (Chenopodium quinoa Willd.). composition, 

chemistry, nutritional, and functional properties. Adv. Food Nutr. 
Res. 58:1-31. 

Almeida FAC, Fonseca KS, Gouveia JPG (1999). Influência da 
embalagem e do local de armazenamento na qualidade fisiológica de  
sementes de gergelim. Rev. Bras. Eng. Agríc.  Ambient. 3:195-201. 

Amaral A, Baudet LM (1983). Efeito do  teor  de  umidade  da  semente, 

tipo de embalagem e período de armazenamento, na qualidade de 
sementes de soja. Rev. Bras. Sementes 5:27-36.   

Baudet LML (2003). Armazenamento de sementes. In: Peske ST, 
Rosental MD, Rota GR (Eds.). Sementes: fundamentos científicos e 
tecnológicos. Pelotas: Gráfica Universitária – UFPel. pp. 369-418. 

Baudet l, Villela FA (2006). Armazenamento de Sementes. In: Peske 
ST, Lucca Filho OA,  Barros ACSA (Eds.). Sementes: fundamentos 
científicos e tecnológicos. 2.ed. Pelotas: Gráfica Universitária-UFPel. 
pp. 427-472. 

BRASIL (2009). Regras para análise de sementes Ministério da 
Agricultura. Brasília. P 395. 

Caneppele MAB, Silva RF, Alvarenga EM, Campelo Júnior JH, Cardoso 
AA (1995). Influência da embalagem, do ambiente e do período de 
armazenamento na qualidade de sementes de cebola (Allium cepa 
L.). Rev. Bras. Sementes 17(2):249-257.  

Cardoso RB, Binotti FFS, Cardoso ED (2012). Potencial fisiológico de 
sementes de crambe em função de embalagens e armazenamento. 
Pesqui. Agropecu. Trop. 24(3):272-278. 

Carvalho NM, Nakagawa J (2012). Sementes: Ciência tecnologia e 
produção. 5. ed. Jaboticabal: FUNEP/UNESP. P 590. 

Ceccato D, Bertero D, Batlla D (2011). Fuentes de tolerância al brotado 
pre-cosecha en quinoa (Chenopodium quinoa Willd.). Efecto de las 
condiciones ambientales sobre el nível de dormición. Análisis de 
semillas 5(17):50-55.   



1308          Afr. J. Agric. Res. 
 
 
 
Das BK, Barua IC, Dey SC (1998). Effect of packing material, storage 

condition and duration of storage on seed viability, vigour and 
seedling survivability in Rajmah (Phaseolus vulgaris L.). Legume 
Res. 21:91-95. 

Dias GB, Unfried JR, Guimarães VF, Ferreira G (2003). Avaliação da 
germinação de sementes de quinoa (Chenopodium quinoa) 
submetidos a diferentes testes de germinação. Informativos 
ABRATES. 13(3). 

FAOSTAT (2014). Food And Agriculture Organization Of The United 
Nations. Available at: 
http://faostat.fao.org/site/567/DesktopDefault.aspx?PageID=567#anc
or. 

FAO (2011). Food and Agriculture Organization .La quinua: cultivo 
milenário para contribuir a la seguridade alimentaria mundial. Bolívia. 
Available at: 
http://www.fao.org/fileadmin/templates/aiq2013/res/es/cultivo_quinua
_es.pdf 

Ferreira DF (2011). Sisvar: A computer statistical analysis system. 
Ciênc. Agrotecnologia 35(6):1039-1042. 

Hong TD, Ellis RH (2003). Storage. In: Tropical Tree Seed Manual. [s.l]: 
USDA Forest Service’s, Reforestation, Nurseries, e Genetics 
Resources. pp. 125-136. 

Krohn NG, Malavasi MM (2004). Qualidade fisiológica de sementes de 
soja tratadas com fungicidas durante e após o armazenamento. Rev. 
Bras. Sementes 26:91-97. 

Lamothe LM, Srichuwong S, Reuhs BL, Hamaker BR (2015). Quinoa 
(Chenopodium quinoa W.) and amaranth (Amaranthus caudatus L.) 
provide dietary fibres high in pectic substances and xyloglucans. 
Food Chem. 167:490-496. 

Lins SRO, Carvalho MLM, Cardoso MG, Miranda DH, Andrade JP 
(2014). Physiological, enzymatic, and microstructural analyses of 
sunflower seeds during storage. Aust. J. 8:1038-1048. 

Lisboa CF, Cunha DA, Teixeira IR, Devilla IA, Campos AJ (2014). 
Physiological deterioration of pigeon pea seeds during storage.  Afr. 
J. Agric. Res. 9(48):3473-3479. 

Maguire JD (1962). Speed of germination-Aid in selection and 
evaluation for seeding emergence and vigor. Crop Sci. 2:76-177. 

Marcos Filho JMF (2005). Fisiologia de sementes de plantas cultivadas. 
Fealq. 

Medeiros AC, Zanon A (2000). Armazenamento de sementes de 
sapuva (Machaerium stipitatum). Bol. Pesqui. Florest. 40:57-66. 

Nascimento AC, Mota C, Coelho I, Gueifão S, Santos M, Matos AS, 
Gimenez A, Lobo M, Samman N, Castanheira I (2014). 
Characterisation of nutriente profile of quinoa (Chenopodium quinoa), 
amaranth (Amaranthus caudatus), and purple corn (Zea mays L.) 
consumed in the North of Argentina: Proximates, minerals and trace 
elements. Food Chem. 148:420-426. 

Krzyzanowski FC, Vieira RD, França NJB (1999). Vigor de sementes: 
Conceitos e testes. Londrina: ABRATES. P 218. 

Oliveira C, Silva BMS, Sader SR, Môro FV (2012). Armazenamento de 
sementes de Carolina em diferentes temperaturas e embalagens. 
Cienc. Rural 42(1):68-74. 

Oliveira LM, Bruno RLA, Silva KDG, Alves EU, Silva GZ, Andrade AP 
(2011). Qualidade fisiológica de sementes de Caesalpinia 
pyramidalis Tul. durante o armazenamento. Rev. Bras. Sementes 
33:289-298. 

Parsons RF (2012). Incidence and ecology of very fast germination. 
Seed Sci. Res. 22(3):161-167. 

Rao RGS, Singh PM (2006). Storability of onion seeds and effects of 
packaging and storage conditions on viability and vigour. Sci. Hortic. 
110:1-6.   

Regalo MJ, Brena SR (2006). The influence of drying methods and 
storage condition on the seed viability and longevity of Mestizo 
Hybrid Rice (Oryza sativa L.). Philippine Agric. Sci. 89(4):309-318. 

Santos SRG, Paula RC (2007). Qualidade fisiológica de sementes de 
Sebastiania commersoniana (Baill.) Smith & Downs (branquilho-
Euphorbiaceae) durante o armazenamento. Sci. For. pp. 87-94. 

Silva A, Perez JGA, Paula RC (2011). Qualidade fisiológica de 
sementes de Psidium cattleianum Sabine acondicionadas e 
armazenadas em diferentes condições. Rev. Bras. de Sementes. 
33:197-206.   

 

 
 
 
 
Silva JS, Berbet PA, Rufato S, Afonso ADL (2008). Indicadores da 

qualidade dos grãos. In: Silva JS (Ed.). Secagem e armazenamento 
de produtos agrícola. 2.ed.Viçosa: Aprenda fácil. P 560. 

Spehar CR, Rocha JES, Ribeiro JW, Santos RLB, Ascheri JLR, Souza 
FFJ (2015). Advances and Challenges for Quinoa Production and 
Utilization in Brazil Chapter: 6.4.2., pp. 562-583. In: Bazile D, Bertero 
D, Nieto C (Eds.).  State of the art report on quinoa around the world 
in 2013. Oficina Regional de la FAO para América Latina y el Caribe: 
Santiago, Chile. 605 p.  

Spehar CR, Rocha JES, Santos RLB (2011) Desempenho agronômico 
e recomendações para cultivo de quinoa (BRS Syetetuba) no 
Cerrado. Pesqui. Agropecu. Trop. 41:145-147.   

Sravanthi B, Jayas DS, Alagusundaram K, Chelladurai V, White NDG 
(2013). Effect of storage conditions on red lentils. J. Stored Prod. 
Res. 53:48-53.   

Stikic R, Glamoclija D, Demin M, Vucelic-Radovic B, Jovanovic Z, 
Milojkovic-Opsenica D, Jacobsen SE, Milovanovic M (2012). 
Agronomical and nutritional evaluation of quinoa seeds 
(Chenopodium quinoa Willd.) as an ingredient in bread formulations. 
J. Cereal Sci. 55(2):132-138.   

Tonin GA, Perez SCJGA (2006). Qualidade fisiológica de sementes 
de Ocotea porosa (Nees et Martius ex. Nees) após diferentes 
condições de armazenamento e semeadura. Rev. Bras. Sementes 
28:26-33.   

 
 
 


