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Health aspects and ideal temperature for germination of peanut seeds'
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ABSTRACT - This study was performed to identify the best temperatures for germinating peanut seeds with fungi on a paper
substrate. Eleven seed lots from the cultivars IAC-886 and IAC-503 were selected with different levels of fungi. Two of these
seed lots with a high rate of Aspergillus spp., Penicillium sp., and Rhizopus sp., as detected by the blotter test method, were
used for selecting a fungicide for seed treatment. Considering the active ingredients evaluated, thiram, at the rate of 300 g of
commercial product per 100 kg of seeds, was most efficient in controlling fungi, preventing their interference in germination.
All the seed lots, treated with this product or not, were subjected to the germination test on rolls of paper at the temperatures
of 25 °C, 30 °C, 35 °C, 20-30 °C, 20-35 °C, 25-30 °C, and 25-35 °C. Alternating temperatures of 20-35 °C, 20-30 °C, and 25-
30 °C led to higher germination of peanut seeds, treated with fungicides or not. Constant temperatures are not recommended,
because they are more favorable to the development of fungi associated with these seeds than to the germination process, thus

underestimating the germination potential of the seeds subjected to the test.

Index terms: Arachis hypogea, viability, optimal temperature, pathogens, fungicide.

Aspectos sanitarios e temperatura ideal para germinagao de sementes de amendoim

RESUMO — Com o objetivo de identificar temperaturas adequadas a germinagio de sementes de amendoim com incidéncia de fungos,
em substrato de papel, selecionaram-se onze lotes das cultivares IAC-886 e IAC-503, com diferentes caracteristicas de qualidade
sanitaria. Dentre estes, dois com maior incidéncia de fungos dos géneros Aspergillus, Penicillium e Rhizopus, detectados por meio
do método do papel de filtro, foram escolhidos para a selegdo de um fungicida para o tratamento das sementes. Dentre os principios
ativos avaliados, thiram, na dose de 300 g do produto comercial por 100 kg de sementes, foi o mais eficiente no controle dos fungos,
evitando que interferisssem na germinaggo. Sementes de todos os lotes, tratadas ou ndo com este produto, foram submetidas ao teste
de germinagdo em rolos de papel, em temperaturas de 25 °C, 30 °C, 35 °C, 20-30 °C, 20-35 °C, 25-30 °C e 25-35 °C. Concluiu-se que
temperaturas alternadas de 20-35 °C, 20-30 °C e 25-30 °C proporcionam maior germinagio de sementes de amendoim, tratadas ou
n3o com fungicidas, e que temperaturas constantes ndo sdo recomendadas, por serem mais favoraveis ao desenvolvimento de fungos
associados as sementes do que ao processo de germinagao, subestimando o potencial de germinac@o das sementes submetidas ao teste.

Termos para indexagao: Arachis hypogea, viabilidade, temperatura 6tima, patogenos, fungicida.

Introduction

Brazil produced 513.5 thousand metric tons of peanut in
the 2017/2018 crop season and 94.7% of this production was
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in the state of Sdo Paulo, where growing this legume crop is an
excellent option during the period between sugarcane crops. It
promotes recovery of the soil through nitrogen fixation. From
60% to 70% of runner peanut from Sdo Paulo is exported to
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European countries (CONAB, 2018).

Peanut producing companies in S@o Paulo are also seed
producers, and a difficulty faced by the sector is related to the
germination test, performed with the aim of receiving the Seed
Analysis Certificate for purposes of seed sale. Germination
test results obtained in the laboratory are often lower than
seedling emergence in the field.

Peanut seed germination procedures in the Rules for Seed
Testing foresees the use of two types of substrate, a roll of
paper and sand. Temperatures prescribed are those alternating
of 20-30 °C and the constant temperatures of 25 °C and 30 °C
(Brasil, 2009b). These temperature regimes, however, might
not be ideal. Mohamed et al. (1988) registered optimum
temperatures from 29 °C to 36.5 °C for germination of these
seeds, and Nogueira and Tavora (2005) found optimum
temperatures from 32 °C to 34 °C.

Sand is used in the place of paper as a germination
substrate when evaluation cannot be practiced through excess
of infection, a situation frequently observed in peanut seeds.
The problem is so serious that, for this species, according
to the Rules for Seed Testing (Brasil, 2009b), seeds may be
treated with fungicide in order to carry out the germination
test. However, no active ingredient is mentioned for this
purpose in this publication.

Infection by fungi, especially of the genera Aspergillus,
Penicillium, Rhizopus, and Fusarium (Santos et al., 2013;
Santos et al., 2016), reduces the germination of these seeds upon
causing loss of integrity of the cell membranes (Ahamed et al.,
2017), a decrease in carbohydrate contents, reducing sugars,
proteins, and oil, and an increase in moisture and free fatty
acid contents (Kakde and Chavan, 2011; Begum et al., 2013b).
Sugars and proteins are used as a growth substrate by such
fungi (Chavan, 2011) and the production of lipases, enzymes
that catalyze lipid and glyceride hydrolysis in free fatty acids
and glycerol, were also reported (Kakde and Chavan, 2011;
Chavan, 2011; Manoorkar and Gachande, 2015).

The recommendation for use of sand in this situation
is due to the fact that seeds remain more distant from each
other than on paper, preventing contamination of seedlings by
these fungi. In contrast, when the choice is made to use boxes
of sand in the place of paper, considering the procedures
adopted in the Rules for Seed Testing (Brasil, 2009b), the
method becomes more labor intensive regarding handling,
sowing, the greater size and weight of the boxes, the need
for standardizing the size of the sand particles, sterilization of
the sand before use, and the need for more space, as well as
greater difficulty in observing the root system of the seedlings.

In addition to the health problems arising from
contamination by fungi, peanut seeds develop in pods under

the soil surface and contain high mean oil (31%) and protein
(48%) content. For that reason, low physiological potential is
common, also due to biochemical changes that reduce lipid
stability (Canavar, 2015).

In the state of Sao Paulo, seeds are analyzed after the
fungicide treatment, performed by production companies,
since this has been considered an essential practice (Santos et
al., 2013) for peanut. Even so, fungal proliferation is common
at levels harmful to evaluation of the germination test. There
may be temperatures more favorable to seed germination than
to fungal development.

Considering the greater practicality of carrying out the
germination test on paper than in sand, the aim of this study
was to identify temperature regimes more appropriate for
conducting this test on paper, associated with treatment of
peanut seeds with fungicide or not.

Materials and Methods

The study was performed in the Seed Analysis Laboratory
of the Grain and Fiber Center of the Instituto Agronémico de
Campinas (IAC), in Campinas, SP, Brazil.

Lot selection: six seed lots of the peanut seed cultivar
TAC-886 (L1 to L6) were selected and five of the cultivar IAC-
503 (L7 to L11). They were manually hulled and had different
health quality characteristics, evaluated according to the blotter
test method (Brasil, 2009a), conducted with five replications of
20 seeds per lot, placed in Petri dishes (10 seeds per dish) over
three sheets of blotter paper, moistened with distilled water, and
incubated for seven days at 20+2 °C and a 12-hour photoperiod.
Evaluation of fungal structures that developed in the seeds was
carried out with the use of a stereoscopic microscope, and
confirmation of the genera with the assistance of an optical
microscope (Barnett and Hunter, 1999). The results were
expressed in percentage per pathogen detected.

Choice of fungicide: seeds from two lots with greater
incidence of fungi were used to choose a fungicide effective
in control of the pathogens found. The seeds were placed
under treatments that consisted of the fungicides generally
used by peanut seed producers (rates of the active ingredients
and of the commercial products are shown in Table 1), a
control without fungicide, and sodium hypochlorite (NaClO)
at 1% for 3 minutes. After 24 hours, the health test was
set up by the blotter test method, as described above, and
the germination test, with four replications of 25 seeds per
treatment distributed on rolls of paper toweling moistened
with a volume of water equivalent to two and a half times
the weight of the dry substrate. This material was kept in a
germinator regulated to 30 °C. The percentages of normal
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235 Germination of peanut seeds

Table 1. Products and application rates used in treatment of peanut seeds.
Fungicide . Application rate of the fungicide.100 kg' of seed
- Formulation -

Common name Commercial name a.i. (g)V c.p.®
Fludioxonil + metalaxyl Maxim XL® CS® 7.5+3,0 300 mL
Carbendazim + thiram Derosal plus CS® 30+70 200 mL
Carboxin + thiram Vitavax + Thiram CS® 70+ 70 350 mL

Thiram Mayran DP® 210 300 g

(1) a.i.: active ingredient; (2) c.p.: commercial product; (3) CS: concentrated suspension; (4) DP: dry powder.

seedlings, abnormal and infected seedlings, and of dormant
and dead seeds were computed at five and at ten days after
sowing, following the criteria of the Rules for Seed Testing
(Brasil, 2009b).

Germination temperatures. seeds from the eleven lots were
subjected to the germination test, conducted and evaluated as
already described, at the constant temperatures of 25 °C, 30 °C,
and 35 °C and alternating temperatures of 20-30 °C, 20-35 °C,
25-30 °C, and 25-35 °C (the higher temperature provided for 8
hours and the lower for 16 hours in each 24-hour cycle), under
continuous white fluorescent light, with four replications of
25 seeds per lot, treated (or not) with the fungicide selected
in the previous step, Mayran (thiram), at the rate of 300 g of
commercial product per 100 kg of seed.

Data analysis: the data obtained in the germination
and health tests were subjected to analysis of variance after
transformation in ARC SEN (X/100)"? or in (X+0.5)"2. A
completely randomized experimental design was adopted.
Data analyses were made separately per cultivar, and for
comparison of temperatures, a factorial arrangement (lots x
treatments X temperature regimes) was adopted. Mean values
were compared by the Scott-Knott test at 5% probability
using the SISVAR program (Ferreira, 2011).

Results and Discussion

Fungi from storage of the genera Aspergillus, Penicillium,
and Rhizopus were found in seeds of all the lots evaluated.
Those of L4 (‘IAC-886") and of L7 (‘IAC 503°) showed the
highest incidences of Rhizopus sp. (78%) and Penicillium sp.
(78%), respectively, and L7 was also characterized by seeds
with high incidence of Aspergillus spp. (76%), and these seed
lots were chosen to carry out the fungicide test (Table 2).

Among the active ingredients evaluated, fludioxonil +
metalaxyl, carbendazim + thiram, and thiram, in general,
reduced the incidence of Aspergillus spp., Penicillium sp., and
Rhizopus sp. in the seeds of the two cultivars (Table 3) and
even without having completely eliminated the fungi, they
favored the growth of normal seedlings in comparison to the

untreated control (Table 4), confirming the results obtained by
Marchi et al. (2011) in which the treatment with fludioxonil
+ metalaxyl (100 mL commercial product / 100 kg of seed)
resulted in greater physiological potential of the ‘IAC 886’
seeds, shown in the tests of germination, accelerated aging,
and seedling emergence in the field, due to efficient control of
Aspergillus spp. and Rhizopus spp.

Santos et al. (2013) found a reduction in the incidence
of Aspergillus spp., Penicillium spp., and Rhizopus sp. in the
peanut seed cultivars ‘IAC 886’ and ‘IAC 503°, treated with
carbendazim + thiram at the same application rate used in the
present study, or thiram at a lower rate (100 g commercial
product / 100 kg of seed), which provided better results for
germination, seedling emergence in sand, and accelerated
aging in two consecutive years. The treatment with carboxin
+ thiram also controlled Aspergillus spp. and Penicillium sp.
in the seeds of ‘TAC 886’ (Table 3), just as found by Santos

Table 2. Mean initial values (%) of the incidence of fungi in

peanut seeds.

Fungus
Cultivar Lot Aspergillus ~ Penicillium  Rhizopus
spp. sp. sp.
L1 46 B* 06 C 15C
L2 82 A 47B 01D
IAC 886 L3 91 A 40 B 13C
L4 09C 03C 78 A
L5 18C 13C 16 C
L6 14C 18 C 25C
L7 76 A 78 A 43 B
L8 65B 69 A 53B
IAC 503 L9 24 C 22C 60 B
L10 46 B 36 B 55B
L1l 13C 10C 46 B
CV (%) 26.1 343 32.1

*Mean values followed by the same letter in the column do not differ from
each other at 5% probability by the Scott-Knott test. Data transformed in
ARC SEN (X/100)">.
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et al. (2013). However, it did not reduce the incidence of
Rhizopus sp. in these seeds, nor of the fungi associated
with the cultivar IAC 503 (Table 3); little or no benefit
was provided to germination by this product (Table 4). The
inefficacy of this fungicide in control of RAizopus in peanut
seeds was also found by Bittencourt et al. (2007), regardless

of the application rate studied.

Treatment of seeds with sodium hypochlorite reduces
contamination without eliminating the fungi present in the
inner tissues of the seeds during germination on a paper
substrate (Zorato et al., 2001), acting against all types of
bacteria, fungi, and viruses by oxidizing biological molecules

Table 3. Mean values (%) of incidence of fungi in peanut seeds in accordance with chemical treatment.
. Fungus
Cultivar Lot Treatment
Aspergillus spp. Penicillium sp. Rhizopus sp.

Fludioxonil + metalaxyl 01 C* 00C 10C
Carbendazim + thiram 00C 00C 01D
Carboxin + thiram 00C 01C 91 A

IAC 886 L4
Thiram 00C 00C 01D
NaClO 30B 13B 56 B
Control 61 A 67 A 33B

CV (%) 50.3 34.8 29.8

Fludioxonil + metalaxyl 01B 00 B 00 B
Carbendazim + thiram 01B 00B 08B
Carboxin + thiram 21A 25A S55A

IAC-503 L7 .
Thiram 01B 00 B 00 B
NaClO 23 A 21 A 65 A
Control 07B 03B 72 A

CV (%) 50.6 38.6 44.1

*Mean values followed by the same letter in the column do not differ from each other at 5% probability by the Scott-Knott test. Data transformed in (X+0.5)"2.

Table 4. Mean values (%) of normal seedlings (NS), abnormal seedlings (AS), and infected seedlings (IS) and of dormant seeds
(DS) and dead seeds (DDS), obtained in the germination test of peanut seeds in accordance with chemical treatment.
. Germination Test
Cultivar Lot Treatment
NS AS IS DS DDS

Fludioxonil + metalaxyl 26 B* 01 73 B 00 00
Carbendazim + thiram 16 C 00 84 A 00 00
Carboxin + thiram 05C 00 95 A 00 00

IAC 886 L4
Thiram 56 A 00 44 C 00 00
NaClO 11C 00 89 A 00 00
Control 06 C 00 94 A 00 00

CV (%) 40.3 - 13.8 - -

Fludioxonil + metalaxyl 50A 00 50C 00 00
Carbendazim + thiram S8 A 00 41 C 01 00
Carboxin + thiram 36 B 00 64 B 00 00

IAC 503 L7 .
Thiram 72 A 00 28 C 00 00
NaClO 11C 00 89 A 00 00
Control 19C 00 81 A 00 00

CV (%) 18.6 - 13.9 - -

*Mean values followed by the same letter in the column do not differ from each other at 5% probability by the Scott-Knott test. Data transformed in ARC SEN (X/100)"2.
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such as proteins and nucleic acids (Bloomfield et al., 1991).
However, a consistent result of the treatment at 1% for 3
minutes was not obtained, which is included in the Rules for
Seed Testing (Brasil, 2009b) for control of the fungi associated
with peanut seeds (Table 3). The result in this study is also
in disagreement with the results reported by Aragjo et al.
(2004), in which the treatment with NaClO reduced recovery
of fungi of the genera Rhizopus, Aspergillus, Penicillium,
and Cladosporium, regardless of the application rate and
immersion time of the seeds. In contrast, Al-Amodi (2016)
observed a greater percentage of seed germination for the
period of only 6 minutes of immersion.

In addition, found during evaluation of
germination (Table 4) that Rhyzopus sp., when present,
spread throughout the roll of paper, contaminating most of the

it was

seeds, interfering in the results and reinforcing the need for
control of its development in this test. This fact corroborated
the observations of Moraes and Mariotto (1985) performed
in health tests where, due to rapid growth, Rhizopus spp.
covered the Petri dish, hindering or impeding visualization of
other microorganisms associated with the seeds.

The dissemination of Aspergillus spp. and of Penicillium
ssp. among the seeds on the germination paper was
also observed, probably due to the humid microclimate
having favored the development of these fungi, promoting
contamination. This also hurt evaluation of the test due
to absence of treatment (control) or of ineffectiveness of
fungicide effect (Table 3), shown in the incidence of infected
seedlings (Table 4). When not controlled, fungi of the genus
Aspergillus produce aflatoxins, which inhibit incorporation of
amino acids to proteins and synthesis of amylase (Janardhan
et al., 2011), impeding seed germination or elongation of the
hypocotyl and of the roots of the seedlings (Begum et al.,
2013a; Al-Amodi, 2015). Penicillium spp. cause rotting of
seeds and serious lesions in seedlings (Ito et al., 1992) since
they exhibit greater activity of lipase, an enzyme that degrades
lipids, from among the fungi isolated from abnormal peanut
seedlings (Kakde and Chavan, 2011).

Among the fungicides most efficient in control of fungi
associated with the seeds (Tables 3 and 4), thiram provided
higher percentages of germination as a result of lower
occurrence of infected seedlings (Table 4), probably due to
the wide range of action against fungi detected in the outer
part of the seeds, which may also have contributed to reduce
dissemination by the paper. Furthermore, due to the mode of
action by contact, its active ingredient is little absorbed by the
seed and shows little translocation within the seedlings, a fact
that may also have led to low phytotoxicity.

The other fungicides are mixtures of active ingredients

of contact, fludioxonil or thiram, with active ingredients of
systemic action, metalaxyl, carbendazim, or carboxin, of
broad spectrum, which penetrate the seed coat and translocate
to seedling parts in development during germination. This
could increase efficiency in control of the fungi. However,
this was not confirmed, and the application rate of thiram
of 70 g a.i. / 100 kg of seed, combined with carbendazim
or carboxin, one third of the thiram applied in isolation, of
210 g a.i. / 100 kg of seed, may also have resulted in lower
protection of the seeds. Furthermore, as in the roll of paper,
the seeds remained near one another, and the same leaching of
the fungicide is not found as occurs in the soil, there is greater
absorption of the active ingredient, with a greater chance
of phytotoxicity caused by a product with systemic action.
Intoxicated seedlings may have been more susceptible to the
infection by remaining fungi located further within the seeds.

Thus, thiram was chosen for treatment of the seeds that
underwent the study of temperatures in germination, with the
purpose of eliminating or reducing interference of the fungi in
the test conducted on paper and of allowing comparison with
results obtained without the treatment.

Optimum temperature is what allows the most efficient
combination between germination percentage and speed,
providing for more regular, rapid, and complete germination
of seed samples of a determined species (Marcos-Filho,
2015; Brasil, 2009b). Nevertheless, alternating temperatures
provided greater effectiveness in the germination process of
peanut seeds than constant temperatures, and the alternating
20-35 °C temperatures stood out (Table 5). This combination
of temperatures promoted the maximum values of germination
achieved for most of the seed lots not treated with fungicide,
due to the lower incidence, in general, of infected seedlings
(Table 6), abnormal seedlings (Table 7), and dead seeds
(Table 8). Constant temperatures mainly caused greater
seedling infection (Table 6); and the temperature of 35 °C also
increased the percentage of dead seeds, compatible with that
obtained unexpectedly at 20-30 °C (Table 8).

In treated seeds, fungal control provided by the fungicide
resulted in reduction of the differences in the values of normal
seedlings (Table 5) observed among differing temperatures
in the untreated seeds, such that for L3, L8, and L10, there
were no significant differences among the temperature
regimes studied. Nevertheless, the alternating temperatures
(except for 25-35 °C) proved to be more adequate since they
led to the highest values of germination for most of the lots
(Table 5), due to the lower propensity to seedling infection
(Table 6). Although 25-35 °C provided indexes of infected
seedlings (Table 7) in a general way similar to that of the other
alternating temperatures, such an advantage was not reflected

Journal of Seed Science, v.41, n.2, p.233-243, 2019



M. R. P. GRIGOLETO et al. 238

in higher germination values (Table 5), due to the greater
occurrence of abnormal seedlings (Table 7). For L1, L2, L3,
L8, and L11, there was also greater occurrence of dead seeds
(Table 8) in this combination of temperatures.

It should be emphasized that the treatment with thiram
visibly increased the values of seed lots germination potential,
regardless of the temperature regime adopted for germination,
reaffirming the effectiveness of this product in treatment of
peanut seeds (Table 5).

The requirement for alternating temperatures for

germination is generally associated with dormancy. The
reasons for such a requirement are not fully known; it is
supposed that thermal variation alters the balance between
germination promotors and inhibitors so that the concentration
of inhibitors decreases in the period of lower temperature
and that of the promotors increases at the higher temperature
(Marcos-Filho, 2015). In peanut seeds, dormancy is overcome
during storage as the concentration of ABA decreases and that
of cytokinin increases (Narasimhareddy and Swamy, 1979).
However, even after six months of storage and with a nearly

Table 5. Mean values (%) of normal seedlings obtained in the germination test of peanut seeds with and without fungicide
treatment (FT) with thiram, at the rate of 300 g of commercial product per 100 kg of seed.
Temperature Regime
Cultivar Lot FT
25°C 30°C 35°C 20-30°C 20-35°C 25-30°C 25-35°C

L1 02 Cc* 19 Bb 18 Ab 43 Ba 29 Bb 46 Aa 36 Aa
L2 56 Aa 47 Ab 35 Ab 71 Aa 57 Aa 40 Ab 46 Ab
L3 . 05 Cc 24 Bb 22 Ab 33 Bb 69 Aa 51 Aa 25 Ab
L4 Without 05 Cb 06 Cb 03 Bb 28 Ba 40 Ba 18 Ba 32 Aa
L5 20 Bd 28 Ac 15 Bd 55 Ab 75 Aa 35Ac 41 Ac

IAC 886 L6 23 Bc 40 Ab 10 Bc 41 Bb 66 Aa 40 Ab 18 Ac
L1 84 Ba 70 Aa 47 Bb 79 Ba 83 Aa 84 Ba 68 Ba
L2 69 Ba 66 Aa 39 Bb 67 Ba 60 Ba 73 Ba 62 Ba
L3 ) 74 Ba 66 Aa 57 Ba 80 Ba 81 Aa 82 Ba 73 Ba
L4 With 77 Bb 56 Ac 85 Ab 79 Bb 84 Ab 95 Aa 91 Aa
L5 89 Ab 83 Ab 78 Ab 96 Aa 94 Aa 98 Aa 80 Ab
L6 94 Aa 65 Ab 83 Aa 93 Aa 84 Aa 90 Ba 82 Aa

CV (%) 18.4

] Temperature Regime
Cultivar Lot FT
25°C 30°C 35°C 20-30 °C 20-35°C 25-30°C 25-35°C

L7 06 Ab 19 Ab 12 Ab 44 Aa 33 Ba 37 Aa 37 Aa
L8 14 Ac 18 Ac 15 Ac 29 Ab 33 Bb 55 Aa 41 Ab
L9 Without 18 Ab 24 Ab 06 Bc 25 Ab 60 Aa 24 Bb 26 Bb
L10 10 Ab 04 Bc 18 Ab 43 Aa 53 Aa 48 Aa 50 Aa

IAC 503 L1 06 Ab 14 Aa 05 Bb 07 Bb 26 Ba 08 Cb 22 Ba
L7 72 Bb 72 Ab 78 Ab 88 Aa 89 Aa 76 Bb 78 Ab
L8 79 Ba 73 Aa 68 Aa 75 Aa 71 Ba 71 Ba 59 Ba
L9 With 89 Aa 75 Ab 79 Ab 91 Aa 92 Aa 91 Aa 81 Ab
L10 78 Ba 73 Aa 75 Aa 85 Aa 87 Aa 91 Aa 80 Aa
L11 74 Bb 57 Aa 71 Aa 84 Aa 85 Aa 86 Aa 60 Bb

CV (%) 17.9

*Mean values followed by the same uppercase letter in the column and lowercase letter in the row do not differ from each other at 5% probability by the Scott-

Knott test. Data transformed in ARC SEN (X/100)"2.
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null incidence of dormant seeds (data not shown), alternating
temperatures favored germination.

The temperature regimes of 20-35 °C and 20-30 °C,
followed by the regimes of 25-30 °C and 25-35 °C, also resulted,
in general, in lower incidences of infected seedlings (Table 6)
arising from untreated seeds, confirming the suitability of these
temperatures. Upon favoring seed germination, they decreased
susceptibility of the seeds to the action of microorganisms.

In addition, alternating temperatures were probably
less favorable to fungal growth, resulting in lower seedling

infection (Table 6). At 30 °C and at 35 °C, there was
development of Rhizopus sp. throughout the roll that contained
seeds in germination, confirming the report of Moraes and
Mariotto (1985) regarding the speed of growth of this fungus.
Temperatures of 35 °C, 40 °C, and 42 °C have been related to
optimal growth of the fungi of this genus (Han et al., 2003).
However, in the alternating temperature regimes, the supply
of 30 °C or 35 °C was interrupted for 16 hours with lower
temperatures, which probably also favored germination of the
seeds in relation to the growth of these fungi.

Table 6. Mean values (%) of infected seedlings obtained in the germination test of peanut seeds with and without fungicide
treatment (FT) with thiram at the rate of 300 g of the commercial product per 100 kg of seed.
. Temperature Regime
Cultivar Lot FT
25°C 30°C 35°C 20-30°C 20-35°C 25-30°C 25-35°C

L1 97 Aa* 81 Ab 65 Ab 50 Ab 70 Ab 53 Bb 63 Ab
L2 43 Ca 53 Ba 61 Aa 29 Aa 42 Ba 56 Ba 51 Aa
L3 . 95 Aa 76 Ab 64 Ac 53 Ac 30 Bd 49 Be 75 Ab
L4 Without 95 Aa 94 Aa 80 Ab 40 Ad 60 Ac 82 Ab 68 Ac
L5 80 Ba 72 Ba 81 Aa 40 Ab 24 Bb 65 Ba 59 Aa
L6 77 Ba 59 Bb 78 Aa 54 Ab 32 Be 58 Bb 82 Aa

1AC 886 L1 06 Bb 30 Aa 42 Aa 13 Ab 14 Bb 12 Ab 15 Ab
L2 30 Aa 34 Aa 47 Aa 30 Aa 38 Aa 23 Aa 21 Aa
L3 . 18 Ab 30 Aa 42 Aa 17 Ab 10 Bb 13 Ab 10 Ab
L4 With 21 Ab 44 Aa 14 Bb 19 Ab 13 Bb 04 Bc 02 Ac
L5 07 Bb 15 Aa 18 Ba 03 Bb 01 Bb 00 Bb 04 Ab
L6 03 Bb 35Aa 14 Bb 04 Bb 13 Bb 09 Ab 09 Ab

CV (%) 26.6

. Temperature Regime
Cultivar Lot FT
25°C 30°C 35°C 20-30°C 20-35°C 25-30°C 25-35°C

L7 93 Aa 81 Ba 72 Ab 53 Ab 67 Ab 60 Cb 62 Bb
L8 85 Aa 82 Ba 77 Aa 52 Ab 65 Ab 44 Cb 58 Bb
L9 Without 81 Aa 76 Ba 86 Aa 72 Aa 38 Bb 75 Ba 74 Aa
L10 89 Ab 96 Aa 76 Ab 46 Ac 47 Be 52 Cc 49 Be
L11 94 Aa 85 Ba 83 Aa 59 Ac 74 Ab 92 Aa 78 Ab

1AC 303 L7 20 Aa 28 Aa 17 Aa 06 Ab 09 Ab 17 Aa 06 Bb
L8 09 Aa 20 Aa 30 Aa 12 Aa 23 Aa 17 Aa 13 Aa
L9 With 09 Ab 24 Aa 15 Aa 08 Ab 07 Ab 09 Ab 01 Bb
L10 16 Aa 24 Aa 17 Aa 09 Ab 06 Ab 09 Ab 07 Bb
L1l 25 Aa 41 Aa 27 Aa 13 Ab 11 Ab 13 Ab 25 Aa

CV (%) 24.0

*Mean values followed by the same uppercase letter in the column and lowercase letter in the row do not differ from each other at 5% probability by the Scott-

Knott test. Data transformed in ARC SEN (X/100)"2.
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The same reasoning can also be applied to the other fungi
detected (Table 2), because there is information regarding
maximum growth of Penicillium at around temperatures of
30 °C (Pezzini et al., 2005), from 30 to 35 °C (Francisco and
Usberti, 2008), and from 20 to 30 °C, but with good tolerance
for temperatures from 10 to 40 °C for Penicillium digitatum
(Carrillo-Inungaray et al., 2014; Minamor and Odamtten,
2017), as well as records of greater activity of lipase at 30 °C
for Penicillium chryzogenum (Kakde and Chavan, 2011). For
Aspergillus, the optimum growing temperatures registered
were 30 °C, (Pezzini et al., 2005), 40 °C (Dantigny et al., 2005),
and 35 °C (Francisco and Usberti, 2008).

Moreover, the greater the moisture content, from 10.2%

to 18.5%, in common bean seeds in storage, the greater the
incidence of Aspergillus spp. and Penicillium spp. (Francisco
and Usberti, 2008). For that reason, it is evident that in the
humid microclimate, characteristic of the germination test,
water was not a limiting factor to development of the fungi
detected in peanut seeds.

This study confirmed that the fungal microflora can in fact
disguise results of maximum percentage of normal seedlings that
can be obtained from peanut seed lots provided by the germination
test. From this, it can be inferred that the optimal conditions for
conducting this test for seeds of this species must be defined as
those that result in the best combination between seed germination
percentage and the fungal growth associated with it.

Table 7. Mean values (%) of abnormal seedlings obtained in the germination test of peanut seeds with and without fungicide
treatment (FT) with thiram at the rate of 300 g of the commercial product per 100 kg of seed.
) Temperature Regime
Cultivar Lot FT
25°C 30°C 35°C 20-30°C 20-35°C 25-30°C 25-35°C
L1 00 Aa* 00 Aa 00 Aa 00 Aa 01 Aa 01 Aa 00 Aa
L2 00 Aa 00 Aa 00 Aa 00 Aa 00 Aa 01 Aa 03 Aa
L3 . 00 Aa 00 Aa 02 Aa 00 Aa 01 Aa 00 Aa 00 Aa
L4 Without 00 Aa 00 Aa 00 Aa 00 Aa 00 Aa 00 Aa 00 Aa
L5 00 Aa 00 Aa 00 Aa 01 Aa 01 Aa 00 Aa 00 Aa
L6 00 Aa 01 Aa 00 Aa 00 Aa 02 Aa 02 Aa 00 Aa
IAC 586 L1 09 Aa 00 Ac 04 Ac 05 Ab 01 Ac 04 Ab 12 Aa
L2 01 Bb 00 Ab 03 Ab 01 Ab 00 Ab 03 Ab 13 Aa
L3 With 08 Aa 01 Ab 01 Ab 01 Ab 03 Ab 03 Ab 07 Ba
L4 01 Ba 00 Aa 01 Aa 01 Aa 03 Aa 01 Aa 06 Ba
L5 04 Bb 02 Ab 03 Ab 01 Ab 03 Ab 02 Ab 14 Aa
L6 03 Bb 00 Ab 03 Ab 03 Ab 03 Ab 01 Ab 08 Ba
CV (%) 62.5
) Temperature Regime
Cultivar Lot FT
25°C 30°C 35°C 20-30 °C 20-35°C 25-30°C 25-35°C
L7 00 Aa* 00 Aa 00 Aa 00 Ba 01 Aa 01 Aa 00 Aa
L8 00 Aa 00 Aa 00 Aa 00 Ba 02 Aa 03 Aa 01 Aa
L9 Without 00 Aa 00 Aa 00 Aa 00 Ba 02 Aa 01 Aa 00 Aa
L10 00 Aa 00 Aa 00 Aa 00 Ba 00 Aa 00 Aa 01 Aa
IAC 503 LIl 00 Ab 00 Ab 00 Ab 20 Aa 00 Ab 00 Ab 00 Ab
L7 05 Ba 00 Bb 05 Aa 02 Bb 01 Ab 04 Ba 11 Aa
L8 09 Aa 05 Aa 00 Bb 08 Aa 01 Ab 10 Aa 15 Aa
L9 With 02 Bb 00 Bb 05 Ab 01 Bb 01 Ab 00 Cb 17 Aa
L10 06 Aa 03 Ab 07 Aa 05 Aa 04 Ab 00 Cb 09 Aa
L11 01 Bb 02 Ab 01 Bb 02 Bb 04 Aa 01 Cb 08 Aa
CV (%) 62.7

*Mean values followed by the same uppercase letter in the column and lowercase letter in the row do not differ from each other at 5% probability by the Scott-

Knott test. Data transformed in (X+0.5)"2.
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Table 8. Mean values (%) of dead seeds obtained in the germination test of peanut seeds with and without fungicide treatment
(FT) with thiram at the rate of 300 g of the commercial product per 100 kg of seed.

Temperature Regime

Cultivar Lot FT
25°C 30°C 35°C 20-30 °C 20-35°C 25-30°C 25-35°C

L1 01 Ac* 00 Ac 17 Aa 07 Bb 00 Ac 00 Ac 01 Ac
L2 01 Aa 00 Aa 04 Ba 00 Ca 01 Aa 03 Aa 00 Aa
L3 . 00 Ab 00 Ab 12 Aa 14 Aa 00 Ab 00 Ab 00 Ab
L4 Without 00 Ab 00 Ab 17 Aa 32 Aa 00 Ab 00 Ab 00 Ab
L5 00 Ab 00 Ab 04 Ba 04 Ba 00 Ab 00 Ab 00 Ab
L6 00 Ac 00 Ac 12 Aa 05 Bb 00 Ac 00 Ac 00 Ac

1AC 886 L1 01 Ab 00 Ab 07 Aa 03 Aa 02 Ab 00 Ab 05 Ba
L2 00 Ab 00 Ab 11 Aa 02 Ab 02 Ab 01 Ab 04 Ba
L3 . 00 Ab 03 Ab 00 Bb 02 Ab 06 Aa 02 Ab 10 Aa
L4 With 01 Aa 00 Aa 00 Ba 01 Aa 00 Aa 00 Aa 01 Ba
LS 00 Aa 00 Aa 01 Ba 00 Aa 02 Aa 00 Aa 02 Ba
L6 00 Aa 00 Aa 00 Ba 00 Aa 00 Aa 00 Aa 01 Ba

CV (%) 67.2

] Temperature Regime
Cultivar Lot FT
25°C 30°C 35°C 20-30 °C 20-35°C 25-30°C 25-35°C

L7 01 Ab 00 Ab 16 Aa 03 Bb 00 Ab 00 Ab 01 Ab
L8 01 Ac 00 Ac 08 Bb 19 Aa 00 Ac 00 Ac 00 Ac
L9 Without 01 Ac 00 Ac 08 Ba 03 Bb 00 Ac 00 Ac 00 Ac
L10 01 Ac 00 Ac 06 Bb 11 Aa 00 Ac 00 Ac 00 Ac

IAC 503 L1l 00 Ab 00 Ab 12 Aa 14 Aa 00 Ab 00 Ab 00 Ab
L7 03 Aa 00 Ab 00 Ab 04 Aa 01 Bb 03 Aa 05 Ba
L8 03 Ab 02 Ab 02 Ab 05 Ab 05 Ab 02 Ab 13 Aa
L9 With 00 Aa 00 Aa 01 Aa 00 Ba 00 Ba 00 Ba 01 Ca
L10 00 Ab 00 Ab 01 Ab 01 Bb 03 Aa 00 Bb 04 Ba
L11 00 Ab 00 Ab 01 Ab 01 Bb 00 Bb 00 Bb 07 Aa

CV (%) 50.0

*Mean values followed by the same uppercase letter in the column and lowercase letter in the row do not differ from each other at 5% probability by the Scott-
Knott test. Data transformed in (X+0.5)

12°

Conclusions Acknowledgments

The temperatures most adequate for germination of Our thanks to the CNPQ — PIBIC for the scholarship
peanut seeds in paper substrate are alternating temperatures  granted and to the IAC for the opportunity of an internship.
of 20-35 °C, followed by those of 20-30 °C and 25-30 °C.

Constant temperatures are not recommended, because References

they are more favorable to the development of fungi

associated with these seeds than with the germination process, =~ AHAMED, O.; OLAYINKA, B.U.; GUARUBA, T.; AHAMED, J.;

ETEJERE, E.O. Germination of several groundnut cultivars in relation

) to incidence of fungi. Science World Journal, v.12,n.1, p.38-41, 2017.

subjected to the test. https://www.ajol.info/index.php/swj/article/view/156341/145954
Thiram at the application rate of 300 g of commercial

product per 100 kg of seed is an option for treatment of peanut

seeds when they are subjected to the germination test on paper.

underestimating the germination potential of the seeds

Journal of Seed Science, v.41, n.2, p.233-243, 2019


https://www.ajol.info/index.php/swj/article/view/156341/145954

M. R. P. GRIGOLETO et al. 242

ARAUJO, A.E.S.; CASTRO, A.P.G.; ROSSETTO, C.A.V. Avaliacéo
de metodologia para detec¢do de fungos em sementes de amendoim.
Revista Brasileira de Sementes, v.26, n.2, p.45-54, 2004. http://
www.scielo.br/pdf/rbs/v26n2/24488.pdf

AL-AMODI, M.O. Seed-borne fungi of some peanut varieties from
Hadhramout and Abyan Governorates in Yemen. International
Journal of Agricultural Technology, v.1, n.6, p.1359-1370, 2015.
http://www.ijat-aatsea.com/Past_v11 n6.html

AL-AMODI, M.O. Fungi associated with seeds of Ashford variety of
groundnut grown in Yemen and its disinfection in vitro using sodium
hypochlorite. Journal of Global Biosciences, v.5, n.1, p.3414-3422,
2016. http://www.mutagens.co.in/jgb/vol.05/1/050104.pdf

BARNETT, H.L.; HUNTER, B.B. lllustrated genera of imperfect
fungi. 3ed. Minnesota: Burgess Publishing Company, 1999. 241p.

BEGUM, M.A.J.; BALAMURUGAN, P.; PRABAKAR, K. Seed
quality deterioration in groundnut due to fungi during storage. Plant
Pathology Journal, v.12, n.4, p.176-179, 2013a. https://scialert.net/
abstract/?doi=pp;j.2013.176.179

BEGUM, M.A.J.; VENUDEVAN, B.; JAYANTHI, M. Storage fungi
in groundnut and the associate seed quality deterioration - a review.
Plant Pathology Journal, v.12, n.3, p.127-134, 2013b. https://
scialert.net/fulltext/?doi=ppj.2013.127.134

BITTENCOURT, S.R.M.; MENTEN, J.O.M.; ARAKI, C.A.S.;
MORAES, M.H.D.; RUGAIL A.R.; DIEGUEZ, M.J.; VIEIRA, R.D.
Eficiéncia do fungicida carboxin + thiram no tratamento de sementes
de amendoim. Revista Brasileira de Sementes, v.29, n.2, p.214-222,
2007. http://www.scielo.br/pdf/rbs/v29n2/v29n2a28.pdf

BLOOMFIELD, S.F.; ARTHUR, M.; LOONEY, E.; BEGUN, K.
PATEL, H. Comparative testing of disinfectant and antiseptic products
using proposed European suspension testing methods. Letters in
Applied Microbiology, v.13,n.5,p.233-237, 1991. http://onlinelibrary.
wiley.com/doi/10.1111/j.1472-765X.1991.tb00617 x/pdf

BRASIL. Ministério da Agricultura, Pecuaria e Abastecimento.
Manual de andlise sanitdria de sementes. Ministério da Agricultura,
Pecuaria e Abastecimento. Secretaria de Defesa Agropecudria.
Brasilia: MAPA/ACS, 2009a. 200p. https://www.abrates.org.br/files/
manual-de-analise-sanitaria-de-sementes.pdf

BRASIL. Ministério da Agricultura, Pecuaria e Abastecimento.
Regras para andlise de sementes. Ministério da Agricultura, Pecuéria
e Abastecimento. Secretaria de Defesa Agropecuéria. Brasilia:
MAPA/ACS, 2009b. 395p. http://www.agricultura.gov.br/assuntos/
insumos-agropecuarios/arquivos-publicacoes-insumos/2946
regras_analise _sementes.pdf

CANAVAR, O. The influence of storage time on fatty acid, tocopherol
and seed quality of peanut. Quality Assurance and Safety of Crops &
Foods, v.7,n.2, p.165-174, 2015. http://www.wageningenacademic.
com/doi/pdf/10.3920/QAS2013.0276

CARRILLO-INUNGARAY, M.L.; HIDALGO-MORALES, M.
RODRIGUEZ-JIMENES, G.C.; GARCIA-ALVARADO, M.A;
RAMIREZ-LEPE, M.; MUNGUIA, A.R; ROBLES-OLVERA, V.
Effect of temperature, pH and water activity on Penicillium digitatum
growth. Journal of Applied Mathematics and Physics, v.2, p.930-
937, 2014. http://file.scirp.org/pdf/JAMP_2014092411165685.pdf

CHAVAN, A.M. Nutritional changes in oilseeds due to Aspergillus
spp. Journal of Experimental Sciences, v.2,n.4,p.29-31,2011. http://
updatepublishing.com/journal/index.php/jes/article/view/1831

CONAB. Companhia Nacional de Abastecimento. Observatorio
Agricola. Acompanhamento da safra brasileira: graos. Monitoramento
agricola: safra 2017/2018 — Décimo primeiro levantamento: agosto
2018. Companhia Nacional de Abastecimento, v.5, n.11, p. 58-63,
2018. https://www.conab.gov.br/info-agro/safras/graos

DANTIGNY, P; GUILMART, A.; BENSOUSSAN, M. Basis of
predictive mycology. International Journal of Food Microbiology, v.100,
n.1-3,p.187-196, 2005. https://doi.org/10.1016/j.ijfoodmicro.2004.10.013

FERREIRA, D.F. SISVAR: a computer statistical analysis system.
Ciéncia e Agrotecnologia, v.35, 1.6, p.1039-1042, 2011. http://www.
scielo.br/pdf/cagro/v35n6/a01v35n6

FRANCISCO, E.G.; USBERTI, R. Seed health of common bean
stored at constant moisture and temperature. Scientia Agricola, v.65,
n.6, p.613-619, 2008. http://www.scielo.br/pdf/sa/v65n6/07.pdf

HAN, B.Z.; MA, Y.; ROMBOUTS, F.M.; NOUT, R.M.J. Effects of
temperature and relative humidity on growth and enzyme production
by Actinomucor elegans and Rhizopus oligosporus during sufu
pehtze preparation. Food Chemistry, v.81, n.1, p.27-34, 2003.
https://doi.org/10.1016/S0308-8146(02)00347-3

ITO, M.F.; BACCHI, LM.A.; MARINGONI, A.C.; MENTEN,
J.0.M. Comparagdo de métodos para detecgdo de Aspergillus spp. e
Penicillium spp. em sementes de amendoim (Arachis hypogaea L.).
Summa Phytopathologica, v.18, n.3, p.262-268, 1992. http://www.
scielo.br/scielo.php?script=sci_nlinks&ref=000067&pid=S0101-
3122200400020000700014&Ing=pt

JANARDHAN, A. SUBRAMANYAM, D.; KUMAR, A.P;
PRADEEP, M.R.; NARASIMHA, G. Aflatoxin impacts on
germinating seeds. Annals of Biological Research, v.2, n.2, p.180-
188, 2011. https://www.academia.edu/2192457/Aflatoxin_Impacts
on_Germinating_Seeds?auto=download

KAKDE, R.B.; CHAVAN, A.M. Extracellular lipase enzyme
production by seed-borne fungi under the influence of physical factors.
International Journal of Biology, v.3, n.1, p.94-100, 2011. http://www.
ccsenet.org/journal/index.php/ijb/article/view/7020/6474

MARCHI, J.L.; CICERO, S.M.; GOMES-JUNIOR, F.G. Utilizagdo
da analise computadorizada de plantulas na avaliagdo do potencial
fisiolégico de sementes de amendoim tratadas com fungicida e
inseticida. Revista Brasileira de Sementes, v.33, n.4 p.652-662,
2011. http://www.scielo.br/pdf/rbs/v33n4/07.pdf

MANOORKAR, V.B.; GACHANDE, B.D. Influence of physical
factors on extracellular lipase production in storage seed-borne
fungi of some oil seeds. International Journal of Recent Scientific
Research, v.6, n.2, p.2813-2816, 2015. http://www.recentscientific.
com/sites/default/files/1994.pdf

MARCOS-FILHO, J. Fisiologia de sementes de plantas cultivadas.
Piracicaba: FEALQ. 2015. 659p.

Journal of Seed Science, v.41, n.2, p.233-243, 2019


http://www.scielo.br/pdf/rbs/v26n2/24488.pdf
http://www.scielo.br/pdf/rbs/v26n2/24488.pdf
http://www.ijat-aatsea.com/Past_v11_n6.html
http://www.mutagens.co.in/jgb/vol.05/1/050104.pdf
https://scialert.net/abstract/?doi=ppj.2013.176.179
https://scialert.net/abstract/?doi=ppj.2013.176.179
https://scialert.net/fulltext/?doi=ppj.2013.127.134
https://scialert.net/fulltext/?doi=ppj.2013.127.134
http://www.scielo.br/pdf/rbs/v29n2/v29n2a28.pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1472-765X.1991.tb00617.x/pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1472-765X.1991.tb00617.x/pdf
https://www.abrates.org.br/files/manual-de-analise-sanitaria-de-sementes.pdf
https://www.abrates.org.br/files/manual-de-analise-sanitaria-de-sementes.pdf
http://www.agricultura.gov.br/assuntos/insumos-agropecuarios/arquivos-publicacoes-insumos/2946_regras_analise__sementes.pdf
http://www.agricultura.gov.br/assuntos/insumos-agropecuarios/arquivos-publicacoes-insumos/2946_regras_analise__sementes.pdf
http://www.agricultura.gov.br/assuntos/insumos-agropecuarios/arquivos-publicacoes-insumos/2946_regras_analise__sementes.pdf
http://www.wageningenacademic.com/doi/pdf/10.3920/QAS2013.0276
http://www.wageningenacademic.com/doi/pdf/10.3920/QAS2013.0276
http://file.scirp.org/pdf/JAMP_2014092411165685.pdf
http://updatepublishing.com/journal/index.php/jes/article/view/1831
http://updatepublishing.com/journal/index.php/jes/article/view/1831
https://www.conab.gov.br/info-agro/safras/graos
https://doi.org/10.1016/j.ijfoodmicro.2004.10.013
http://www.scielo.br/pdf/cagro/v35n6/a01v35n6
http://www.scielo.br/pdf/cagro/v35n6/a01v35n6
http://www.scielo.br/pdf/sa/v65n6/07.pdf
https://doi.org/10.1016/S0308-8146(02)00347-3
http://www.scielo.br/scielo.php?script=sci_nlinks&ref=000067&pid=S0101-3122200400020000700014&lng=pt
http://www.scielo.br/scielo.php?script=sci_nlinks&ref=000067&pid=S0101-3122200400020000700014&lng=pt
http://www.scielo.br/scielo.php?script=sci_nlinks&ref=000067&pid=S0101-3122200400020000700014&lng=pt
https://www.academia.edu/2192457/Aflatoxin_Impacts_on_Germinating_Seeds?auto=download
https://www.academia.edu/2192457/Aflatoxin_Impacts_on_Germinating_Seeds?auto=download
http://www.ccsenet.org/journal/index.php/ijb/article/view/7020/6474
http://www.ccsenet.org/journal/index.php/ijb/article/view/7020/6474
http://www.scielo.br/pdf/rbs/v33n4/07.pdf
http://www.recentscientific.com/sites/default/files/1994.pdf
http://www.recentscientific.com/sites/default/files/1994.pdf

243 Germination of peanut seeds

MINAMOR, A.A.; ODAMTTEN, G.T. Radial growth of Penicillium
digitatum and Fusarium verticilioides isolated from two Ghanaian
maize varieties Abeleehi and Obaatanpa on five different media and
the effects of their culture filtrate on seed germination and radicle
development of Abeleehi and Obaatanpa. International Research
Journal of Natural and Applied Sciences, v.4,n.1, p.170-183, 2017.
http://aarf.asia/applied2.php?p=Volume4,Issuel,January2017

MOHAMED, H.A.; CLARK, J.A.; ONG, C.K. Genotypic differences
in the temperature responses of tropical crops: I. Germination
characteristics of groundnut (Arachis hypogaea L.) and pearl
millet (Pennisetum typhoides S. & H.). Journal of Experimental
Botany, v.39, n.205, p.1121-1128, 1988. https://www.jstor.org/
stable/236920497seq=1#page scan tab contents

MORAES, S.A.;; MARIOTTO, PR. Diagnostico da patologia
de sementes de amendoim. Revista Brasileira de Sementes, V.7,
n.l, p.dl-44, 1985. http://www.scielo.br/scielo.php?script=sci_
nlinks&ref=000083 &pid=S0103-8478200500020001000020&Ing=pt

NARASIMHAREDDY, S.B.; SWAMY, PM. Abscisic acid-like
inhibitors and cytokinins during after-ripening of dormant peanutseeds
(Arachis hypogaea). Physiologia Plantarum, v.46, n.2, p.191-193,
1979 http://onlinelibrary.wiley.com/doi/10.1111/j.1399-3054.1979.
tb06556.x/pdf

NOGUEIRA,R.JM.C.; TAVORA, F.J.A F. Ecofisiologia do amendoim.
In: DOS SANTOS, R.C.(Ed.). O Agronegocio do Amendoim no Brasil.
Campina Grande: Embrapa Algodao, 2005. p.71-122.

PEZZINI, V.; VALDUGA E.; CANSIANI, R.L. Incidéncia de
fungos e micotoxinas em graos de milho armazenados sob diferentes
condigdes. Revista do Instituto Adolfo Lutz, v.64,n.1, p.91-96, 2005.
http://revistas.bvs-vet.org.br/rialutz/article/view/23897/24743

SANTOS, F.; MEDINA, PF.; LOURENCAO, A.L.; PARISI, J.J.D.;
GODQY, L.J. Quality assessment of commercial peanut seeds in the
state of Sdo Paulo, Brazil. Bragantia, v.72, n.3, p.310-317, 2013.
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0006-
87052013000300014&Ing=pt&nrm=iso

SANTOS, F.; MEDINA, P.F.; LOURENCAO, A.L.; PARISL, J.J.D.;
GODOQY, 1.J. Damage caused by fungi and insects to stored peanut
seeds before processing. Bragantia,v.75,n.2,p.184-192,2016. http://
www.scielo.br/pdf/brag/v75n2/0006-8705-brag-1678-4499182.pdf

ZORATO, M.F.; HOMECHIN, M.; HENNING, A.A. Efeito da
assepsia superficial com diferentes agentes quimicos na incidéncia
de microrganismos em sementes de soja. Revista Brasileira de
Sementes, v.23, n.1, p.159-166, 2001. https://ainfo.cnptia.embrapa.
br/digital/bitstream/item/49560/1/ABRATES4.PDF

This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use,

distribution, and reproduction in any medium, provided the original work is properly cited.

Journal of Seed Science, v.41, n.2, p.233-243, 2019


http://aarf.asia/applied2.php?p=Volume4,Issue1,January2017
https://www.jstor.org/stable/23692049?seq=1#page_scan_tab_contents
https://www.jstor.org/stable/23692049?seq=1#page_scan_tab_contents
http://www.scielo.br/scielo.php?script=sci_nlinks&ref=000083&pid=S0103-8478200500020001000020&lng=pt
http://www.scielo.br/scielo.php?script=sci_nlinks&ref=000083&pid=S0103-8478200500020001000020&lng=pt
http://onlinelibrary.wiley.com/doi/10.1111/j.1399-3054.1979.tb06556.x/pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1399-3054.1979.tb06556.x/pdf
http://revistas.bvs-vet.org.br/rialutz/article/view/23897/24743
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0006-87052013000300014&lng=pt&nrm=iso
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0006-87052013000300014&lng=pt&nrm=iso
http://www.scielo.br/pdf/brag/v75n2/0006-8705-brag-1678-4499182.pdf
http://www.scielo.br/pdf/brag/v75n2/0006-8705-brag-1678-4499182.pdf
https://ainfo.cnptia.embrapa.br/digital/bitstream/item/49560/1/ABRATES4.PDF
https://ainfo.cnptia.embrapa.br/digital/bitstream/item/49560/1/ABRATES4.PDF

	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack

