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Effect of fire retardants on germination of agricultural seeds

The occurrence of fires in agricultural areas grown with winter maize has become recurrent in the Central-West region of Brazil, since the harvest occurs in the dry
season in the region. Fire retardants can be used as an indirect control of fire; they consisted of chemical products that can remain in the straws or on the soil after
the fire extinction. The objective of this work was to evaluate the effect of two short-term fire retardants (Phos-Chek WD881® and Hold Fire®) and a hydrogel
(alternative fire retardant) on germination of rice (Oryza sativa), common bean (Phaseolus vulgaris), millet (Pennisetum glaucum), maize (Zea mays), and soybean
(Glycine max) seeds. The control treatment consisted of only distilled water. The seed germination percentage and speed index, mean time for germination, and
seedling growth (shoot and root length and dry weight) were evaluated. A completely randomized experimental design was used, with 4 replications per treatment;
each experimental unit consisted of 100 seeds maintained in germination chambers (30 °C and photoperiod of 12 hours). The effects of the fire retardants and
hygroscopic polymer on the seed germination and seedling initial growth were specific, and no significant effect caused by the variations in the concentrations of
the fire retardants was found.
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Efeito de retardantes de fogo sobre a germinag¢do de espécies
agricolas

No Centro-Oeste brasileiro tém se tornado recorrente a ocorréncia de incéndios em dareas agricolas ocupadas com milho safrinha, visto que a sua colheita ocorre
na estagdo seca da regido. Como forma de combate indireto do incéndio podem ser usados retardantes de fogo, constituidos por produtos quimicos que podem
permanecer nas palhadas ou no solo, apds a extingdo do fogo. Objetivou-se avaliar o efeito de dois retardantes de fogo de curta duragdo (Phos-Chek WD881® e
Hold Fire®) e de um hidrogel (retardante de fogo alternativo) sobre a germinagdo de sementes de arroz (Oryza sativa), feijdo (Phaseolus vulgaris), milheto
(Pennisetum glaucum), milho (Zea mays) e soja (Glycine max). O tratamento controle do foi considerado como apenas agua destilada. Avaliou-se a porcentagem,
tempo médio e indice de velocidade de germinagdo das sementes, em conjunto com o crescimento das plantulas (comprimento e massa seca da parte aérea e de
raiz). Adotou-se delineamento inteiramente casualizado com 4 repeti¢des por tratamento, sendo cada unidade experimental composta por 100 sementes, em
camaras de germinagdo (a 30 °C e 12 horas de fotoperiodo). Os efeitos dos retardantes e do polimero hidroretentor na germinagdo e crescimento inicial das
plantulas foram pontuais (especificos), ndo sendo observados efeitos significativos com variagdes de concentragdo dos retardantes de fogo.
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INTRODUCTION

The increasing demand for agricultural products generates pressures for the opening of new areas in
agricultural frontiers and use of technologies to increase crop yield. Advances in the agricultural sector in
Brazil, institutionally induced through public or private sectors, were decisive to make the country a large
food exporter in the decade of 1990.

However, expansions of agricultural frontiers based on incorporation of areas of the Cerrado biome
for agricultural production, and close to limits of the Amazon region, have been required to reach the current
production levels. These expansions resulted in a concern about environmental sustainability and
determined social, economic, and cultural dynamics in several regions of the states of Mato Grosso,
Rondobnia, Para, Tocantins, Piaui, Bahia, and Maranhao, in Brazil (VIEIRA FILHO, 2014).

Prescribed fire is the most used method in Brazil for the opening of new areas, focused on the
planting or renewal of pastures, or introduction of agricultural crops. The advantages of using fire for these
purposes include the removal of vegetation from the area, production of ashes that enrich the soil the in the
short-term, and stimulus for the growth of forage grass species; in addition, it is the cheapest and accessible
method for small rural communities (BORGES et al., 2016).

However, the combination between the lack of techniques in the use of controlled fire and
environmental factors, such as high temperatures, low relative air humidity and constant winds in dry
seasons (SOARES et al., 2007) are determinant for the beginning and propagation of forest fires.

Uncontrolled fire in rural properties cause considerable economic, ecological, and social losses
(OLIVEIRA et al., 2017; STEPHENS et al., 2018; VUKOMANOVIC et al., 2019). Fires have caused damages
mainly in the main agricultural frontiers of Brazil, the Cerrado biome, and in Cerrado-Amazon transition areas
(SANTOS et al., 2020; SIMOES et al., 2020). Despite being adapted to and dependent on fires, the Cerrado
biome, which has great ecological importance, has underwent consequences from inadequate use of fires
(SILVA et al., 2011).

The occurrence of fires in agricultural areas covered with maize or cotton straws (crop residues) is
another recent problem of the agricultural sector. Many problems with fires in rural properties in the whole
state of Mato Grosso have been reported every crop season, since crops in this state are managed with
mechanized harvest (commonly, the fire starts by the friction between machinery metallic parts or electric
problems), burnable materials (straws and plants) with low moisture, and favorable weather conditions for
fast propagation of fire close to noon (increase in wind bursts and air temperature and decreases in relative
air humidity).

In this context, the adoption of preventive and technical actions for the control of fires is increasingly
needed. In the cases of occurrence of fires in agricultural areas, several control measures are carried out to
minimize the propagation, including for surrounding properties, focused on fast and efficient control;
however, it can be limited by the lack of local available resources. The main practices used are

implementation of firebreaks, which are not always viable (since it consists in the burning of the straw), land
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control (using harrows, tractors, sprayers, self-propelled sprayers), and aerial control, which depends on the
availability of water in the area. The availability of water trucks and sprayers in parcels close to the harvest
for the formation of wet firebreaks is among preventive measures commonly used in mechanized harvest
processes.

Fire retardants for the direct or indirect control of fires are still not used for the conditions of Brazil.
These products are used to increase the water extinguishing efficiency and consequently reduce the quantity
of water needed, mainly in regions where this is a limited resource (FIEDLER et al., 2015).

Fire retardants are efficiency tools to optimize the control of fires (MICHALOPQULOS et al., 2016),
however, the effects of these chemical products on the environment are not clear. Some damages have been
reported for long-term fire retardants, such as death of plants (BELL et al., 2005), disturbances in soil
microbial community (VAZQUEZ et al., 2013; BARREIRO et al., 2010), and decreases in germination of aquatic
plant species (ANGELER et al., 2004).

Few studies have approached the effects of short-term fire retardants on the vegetation, commonly
characterizing them as short-term impacts, depending on the type of habitat and environmental conditions
(HARTSKERLL et al., 2004; SONG et al., 2014; KEFFER, 2019; XIMENES, 2020). Contrastingly, products
consolidated in agriculture have been studied as potentials fire retardants (SOUZA et al., 2012; LIMA et al.,
2020a; 2020b). Hygroscopic polymers produce a gel that is efficient as fire retardants when mixed with water.
The high capacity of these hydrogels to absorb water and gradually release water benefits plants by
decreasing the leaching of nutrients, favoring seed germination and plant growth (NEETHU et al., 2018).

Considering the potential of fire retardants for indirect combat of agricultural fires, after knowing
their impacts, the use of these products may result in significant decreases in burned area and maintenance
of soil physical, chemical and biological conditions, mainly under no-tillage system. However, even if their
efficiency for the control of fires is confirmed, these solutions (fire retardants + water) will be incorporated
to plant residues and soil surface layer, which may affect seed germination and seedling initial development
processes of subsequent agricultural crops.

Considering that fire retardants are already commercially available, Brazil needs a legislation that
regulate the application of these products (IBAMA, 2018). In this context, the objective of this work was to
evaluate the effect of short-term fire retardants and a hygroscopic polymer on the seed germination and

seedling growth of five widely-grown agricultural species in the Central-West region of Brazil.
MATERIALS AND METHODS

Description of fire retardants

The following short-term fire retardants were evaluated: i) Phos-Chek WD881", composed of alpha
olefin sulfonate, 2,4-pentanediol, 2-methyl-, alcohol lauryl and d-limonene (ICL Performance Products LP, St.
Loius, USA); ii) Hold Fire®, compose of organic oils, hygroscopic polymer, and surfactant (Favaro & Perin Ind.

and Com. Ltda. ME, Vila Velha, Brazil). These fire retardants were selected due to their use and commercial
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availability in Brazil, and because they present specific application recommendations. The fire retardants
were diluted in distilled water, at concentrations within the interval recommended by the manufacturers.

The hygroscopic polymer Nutrigel® (Agroterra Inputs, S3o José of Rio Preto, Brazil), which is approved
as a soil water conditioner, was used as an alternative fire retardant. This hydrogel is composed of 27.8%
Ca0, 49.7% CaCO0s, 8.7% MgO, and 18.10% MgCOs. The Nutrigel concentrations used were as defined by Lima
et al. (2020a; 2020b), Keffer (2019) and Ximenez et al. (2021), where in field evaluations of prescribed fire in
eucalyptus areas, focused on evaluating the effects of this polymer on fire dynamics and recommendation
for use as a short-term fire retardants for indirect fire control.

Therefore, the treatments consisted of different concentrations of commercial fire retardants and a
hygroscopic polymer: 0, 0.1, 0.3, 0.6, 0.8, and 1.0 mL L' of Phos-Chek WD881; 0, 0.7, 0.9, 1.2, 1.3, and 1.5 mL
L' of Hold Fire; and 0, 0.1, 0.25, 0.50, 0.75, and 1.0 g L™ of Nutrigel. The control treatment (0 mL L) consisted
of only distilled water. No comparisons between products were carried out, since they present different

compositions.

Germination tests

Seeds of five agricultural species were used: rice (Oryza sativa), common bean (Phaseolus vulgaris),
millet (Pennisetum glaucum), maize (Zea mays), and soybean (Glycine max). These species were chosen by
their importance in Brazil, since soybean, maize, common bean, and rice are the grain crops with the highest
planted area in the country (BRASIL, 2019); and millet has been commonly used as a soil cover crop in no-
tillage system, mainly in the Cerrado biome and as a forage plant for meat and milk livestock (TRINDADE et
al., 2017).

The seeds used were obtained from a seed company (Agro Norte Pesquisas e Sementes, Sinop,
Brazil). The seeds were subjected to germination tests between August 2018 and May 2019, in Sinop, Mato
Grosso, using germination chambers at constant temperature of 30 °C and photoperiod of 12 hours, with
illumination by fluorescent lamps (2500 lux). All materials used were disinfested with sodium hypochlorite
and alcohol 70% to decrease contamination by pathogens.

The germination tests were conducted in a completely randomized design with 4 replications per
treatment and each replication consisted of 100 seeds. The treatments diluted in water were applied at the
proportion of 2.5-fold the paper weight (BRASIL, 2009).

The seeds were placed on Germitest’ paper sheets soaked with the solutions at different
concentrations of the products inside Gerbox boxes with dimensions of 11x11x3 cm for the millet and rice;
and in plastic germination trays with dimensions of 18x18x7 cm for common bean, maize, and soybean. The
treatment solutions (fire retardants diluted in distilled water) were used to maintain the moisture, according
to need of each experimental unit.

The germination percentage (G%) was determined by counting the germinated seeds after 7 days of
implementation of the experiment for millet, and after 14 days for the other species, according to the Rules

for Seed Analysis (BRASIL, 2009). The mean time for germination was determined by daily counts of
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germinated seeds from the beginning of the germination to the seventh counting (for millet), and fourteenth
counting (for the other species).
The equation of Maguire (1962) was used to assess the seed germination speed index. Seeds that

presented a primary root protrusion of at least 3 mm were considered as germinated.

Seedling growth

Seedling growth was evaluated considering the roots and shoot lengths, measured with a ruler (mm)
at 7 (millet) and 14 (other species) days after planting. The root and of shoot dry weights were evaluated by

weighing the plant parts after drying in a forced air-circulation oven at 65 °C.

Statistical analyses

The data were subjected to the Shapiro-Wilk normality test (p < 0.05) and, then, to analysis of
variance (F test). Significant means were fitted to polynomial regressions at 1% and 5 % probability levels.

The products were analyzed separately for each species.

RESULTS AND DISCUSSION
Fire retardant Phos-Chek WD881

The increase in the concentrations of the fire retardant Phos-Chek decreased the millet seed
germination percentage and speed index. The lowest germination percentage (75.2 %) was found for the
estimated concentration of 0.88 mL L%, representing a relative decrease of 15.3% when compared to the
germination percentage of the control treatment (90.8%) (Figure 1a). The seed germination speed index
presented a relative decrease of 16.8% when compared to the control when using the highest concentration
of Phos-Chek WD881 (Figure 1b). The other species presented no significant differences.

The mean time for germination was not affected by the concentrations of Phos-Chek WD881 in any
of the agricultural species evaluated (Figure 1c).

Rice seedlings presented decreases in shoot growth as the concentrations of Phos-Chek WD881 was
increased. A decrease of 16.8% in shoot length was found for the control concentration, with 1.0 mL L of
Phos-Chek (Figure 2b). The fire retardant concentrations did not affect the root length of the evaluated
species (Figure 2a).

Only millet presented differences in root dry weight of seedlings when subjected to concentrations
of Phos-Chek WD881. The millet root dry weight decreased as the fire retardant concentrations was
increased. The root dry weight found for the control treatment was 0.01 g, whereas 0.006 g was found for
the highest fire retardant concentration (Figure 2c). No significant difference in shoot dry weight was found
for any of the species (Figure 2d).

Millet was the most sensitive species to the concentrations of Phos-Chek WD881. High

concentrations of this product may harm millet seed germination processes and rice seedling shoot growth.
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Phos-Chek WD881 is composed of surfactants whose main characteristic is the decrease in water surface
tension (FLORES et al., 2018). Mohammad et al. (2012) found lower root and shoot dry weights for wheat
grown in pots under high concentrations of surfactants and that the effects of the surfactants are dependent

on their composition and concentration.
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Figure 1: Seed germination (a), seed germination speed index (b), and mean time for germination (c) of agricultural
species as a function of different concentrations of Phos-Chek. ** Significant at 1% probability level, * significant at

5% probability level, ™ not significant.

*

Changes in water surface tension by surfactants can interfere with water flows and, consequently,
change shoot hydration, as found for aspen seedlings (Populus tremuloides) by Kamaluddin et al. (2002). This
explains the decreases in shoot length of rice seedlings under concentrations of Phos-Chek WD881.

The differences in sensitivity of species to concentrations of Phos-Chek WD881 are consistent with
the results of Song et al. (2014), who found that the germination rates of an herbaceous species (Brassica
campestris) were lower than those found for a forest species, when subjected to concentrations of Phos-
Chek WD881. Therefore, small seeds with thinner integuments are more vulnerable to short-term fire

retardants (SONG et al., 2014).
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Figure 2: Root length (a), shoot length (b), accumulated root dry weight (c), and accumulated shoot dry weight (d) of
seedlings of agricultural species as a function of different concentrations of Phos-Chek WD881 at 7 days after planting
for millet, and at 14 days after planting for rice, common bean, maize, and soybean. ** Significant at 1% probability
level, * significant at 5% probability level, ™ not significant.

Applications of Phos-Chek WD881 to combat fires close to millet and rice crop areas require
strategies to avoid contaminations, since disturbances in seed germination processes can lead to irregular
growth standards of plant populations. The results of the present study were obtained in a controlled
environment, without effect of soil particles, solar radiation, temperature variations, and rainfall. Therefore,
field experiments are needed to completely understand the plant responses to fire retardants in actual

conditions.

Fire retardant Hold Fire

The effect of the concentrations of Hold Fire on germination were significant only for maize seeds.
The germination percentage found for the highest concentration of Hold Fire (95.1%) was 3.7% lower than
that found for the control treatment (98.8%) (Figure 3a). The seed germination speed index (Figure 3b) and
mean time for germination (Figure 3c) of the evaluated species were not affected by the concentrations of

the products.
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Figure 3: Seed germination (a), germination speed index (b), and mean time for germination (c) of agricultural species
as a function of different concentrations of Hold Fire. ** Significant at 1% probability level, * significant at 5%
probability level, ™ not significant.

The concentrations of Hold Fire had no significant effect on the root length (Figure 4a) and shoot dry
weight of the evaluated species (Figure 4d), except for the shoot length of soybean seedlings. The soybean
shoot growth decreased up to the estimated concentration of 0.72 mL L%, and then increased from this point
(Figure 4b). The soybean and rice root dry weights decreased 32% and 38.5%, respectively, comparing to the
control treatment when using the highest concentration of Hold Fire (Figure 4c).

The responses of seeds to concentrations of Hold Fire varied according to the species. According to
the manufacturer, Hold Fire is a fire retardant composed of plant oils, natural hygroscopic polymer, and
biodegradable surfactants. The variation in germination and root dry weight accumulation of the evaluated
species may have occurred due to presence of surfactants, since they change water flows (Kalamuddin
Zwiazek, 2002) as found for the Phos-Chek.

Although the increase in concentrations of Hold Fire decreased the maize seed germination, the
lowest percentage found (95.1%) was still high for this species, in commercial terms. However, the use of

Hold Fire may be carried out with caution, considering ecotoxicity risks to aquatic organisms, according to
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test results presented by the Brazilian Institute of the Environment and Renewable Natural Resources
(IBAMA, 2018). Therefore, a careful application of this fire retardant in maize, rice, and soybean crop areas

can avoid decreases in plant stand.
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Figure 4: Root length (a), shoot length (b), accumulated root dry weight (c), and accumulated shoot dry weight (d) of
seedlings of agricultural species as a function of different concentrations of Hold Fire at 7 days after planting for millet,
and at 14 days after planting for rice, common bean, maize and soybean. ** Significant at 1% probability level, *
significant at 5% probability level, ™ not significant.

Moreover, millet is sensitive to Phos-Chek WD881, and maize is sensitive to Hold Fire, and both are
grass species of the Panicoideae subfamily. Thus, the results found for these species can be connected to the

taxonomic similarity between them.

Hygroscopic Polymer Nutrigel

The soybean germination percentage decreased up to the estimated concentration of 0.76 g L of
Nutrigel, and then increased from this point. The germination of soybean seeds found for the highest
concentration of hygroscopic polymer was 62.3%, whereas the control treatment presented 72.8%
germination (Figure 5a). The evaluated species presented no significant differences in seed germination
speed index (Figure 5b) and mean time for germination (Figure 5c) for the concentrations of Nutrigel.

The shoot length (Figure 6b) and root length and dry weight (Figure 6a and 6c) of the evaluated
species were not affected by the concentrations of Nutrigel. The maize shoot dry weight tended to increase
from the estimated concentration of 0.38 g L of hydrogel. The maize dry weight for the highest

concentration of Nutrigel (0.22 g) was 15.8% higher than that found for the control treatment (0.19 g) (Figure
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Figure 5: Seed germination (a), germination speed index (b), and mean time for germination (c) of agricultural species
as a function of concentrations of Nutrigel. ** Significant at 1% probability level, * significant at 5% probability level,
not significant.

The use of hygroscopic polymers is an alternative to regulate water availability for crops (MENDONCA
et al., 2013). Studies have shown positive results for germination processes of some species, such as rapeseed
(TANG et al., 2014), wheat, okra (SUTRADHAR et al., 2015) and maize (TAO, 2018). Moreover, the results of
the present research showed increases in seed germination of soybean only when using Nutrigel at
concentrations equal to or higher than 0.76 g L. According Yonezawa et al. (2017), not only the species, but
the composition and concentration of the hygroscopic polymer affect seed germination and plant
development.

Pelegrin et al. (2017) found positive results for soybean plants under rates of hydrogel in field
conditions. According to Neethu et al. (2018), soil permeability increases when the hydrogel is mixed to the
soil and, consequently, seed germination is favored. These differences due to the environment denote the
need for field evaluations of the concentrations tested in the present study.

Hydrogels used in agriculture have water absorption property, and gradually releases water

according the plant demands (KALHAPURE et al., 2016). It favors seedling growth, which increases biomass
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accumulation, as found for the maize shoot dry weight when using Nutrigel concentrations equal to or higher

than0.38 g L.

(@) = (b)
15 v
14
13 M
—_
121 g
811 v v 2
< 104 ~ =
5 104+— v . . - Eﬂ
g °1 [ 5
3 5 ’ 3
S 7 2
& 3 =
51 .
4 F—
] ~ . -
3 ¢ —e . —
T T T T T T T T T T 2 T T T T T T T T T T
00 01 02 03 04 05 06 07 08 09 10 00 01 02 03 04 05 06 07 08 09 10
Nutrigel polymer concentrations (g L) Nutrigel polymer concentrations (g L)
. Rice Y =4.71043 +025225X +0.50481X>™  R2=0.66349 . Rice Y =4.54371+0.94367X - 0.66355X° ™ R2=0.34797
. Bean Y =9.9796-451679X +4.67961X°™  R*=0.30622 . Bean Y =10.18313+5.51938 - 8.06455X* ™ R2=0.77904
Millet Y =4.1971 - 3.89868X + 4.80848X" ™ R>=0.36195 Millet Y =5.23884-0.16718X - 0.23255X>™  R2=0.20726
v Maize Y =10.78684 + 1.67733X + 1.70048X° ™  R2=0.47692 v Maize Y =8.14196 - 7.21693X + 8.86061X> ™ R2=0.71744
. Soybean Y =5.5055 - 8.7565X + 7.07368X> ™ R2=0.67041 . Soybean Y =2.67656 +0.9251X - 1.05948X°™  R*>=0.13942
(c) = (d)
v 1.6 ° —e
5 = r e -
1.4 M M
207 M et
2 v 5 121
N s
£ 1.5 8 1.0 — — e
S 2104 o e e + -
< A
[+
S < 0.8
el
2 1.04 <
2 3 0.6+
% 2
5+
= o 2 0.4
5 . g
S - 24w o .
— 5
. S * r e
0.0 T T T T 7 T T T T 7 0.0 T T T T T T T T T T
00 01 02 03 04 05 06 07 08 09 10 00 01 02 03 04 05 06 07 08 09 10
Nutrigel polymer concentrations (g L) Nutrigel polymer concentrations (g L)
. Rice Y =0.03318 + 0.00634X + 0.00299X> ™ R?=0.0262 . Rice Y =0.03023 +0.01204X - 0.00768X> ™ R2=0.41408
D Bean Y =0.26963 - 0.26459X + 0.37668X*™  R>=0.3692 . Bean Y =1.50637-0.1666X +0.29578X>™  R?=0.43922
Millet Y =0.00996 - 0.0258X +0.02673X>™  R2=0.73446 Millet Y =0.02196-0.01147X+0.01048X>™  R>=0.37846
v Maize Y =1.88488 +0.70925X - 0.39558X> ™  R*=0.6019 v Maize Y =0.19166-0.10739X + 0.13985X> *  R2=0.89048
. Soybean Y =0.08976 - 0.01686X +0.00637X> ™ R2=0.05591 . Soybean Y =0.91272 +0.28997X - 0.20766X> ™ R2=0.61254

Figure 2: Root length (a), shoot length (b), accumulated root dry weight (c), and accumulated shoot dry weight (d) of
seedlings of agricultural species as a function of different concentrations of Nutrigel at 7 days after planting for millet,
and at 14 days after planting for rice, common bean, maize, and soybean. ** Significant at 1% probability level, *
significant at 5% probability level, ™ not significant.

The Nutrigel concentrations did not affect the seed germination processes of the other species. This
product is composed basically of hygroscopic polymers and calcium and magnesium carbonates; these
minerals have positive effects on plant development when applied at the proper rates for each species. The
use of Nutrigel as fire retardant in agricultural areas is viable when using at the concentrations tested in the

present study.

CONCLUSIONS

The effect of the fire retardants Phos-Chek, Hold Fire, and Nutrigel (hygroscopic polymer) on seed
germination processes and seedling growth depends on the concentration and agricultural species.
The concentrations of the fire retardant Phos-Chek used affect negatively the millet germination,

vigor, and root dry weight accumulation and the rice shoot length. The concentrations of Hold Fire used
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decrease the maize seed germination and the rice and soybean root dry weights. The use of high

concentrations of Nutrigel decreases soybean seed germination, but affects positively maize shoot dry weight

accumulation.

REFERENCES

ANGELER, D. G.; RODRIGUEZ, M.; MARTIN, S.; MORENO, J.
M.. Assessment of application-rate dependent effects of a
long-term fire retardant chemical (Fire Trol 934R) on Typha
domingensis germination. Environment International, v.30,
p.375-381, 2004. DOI:
http://doi.org/10.1016/j.envint.2003.09.003

BARREIRO, A.; MARTIN, A.; CARBALLAS, T.; DIAZ-RAVINA, M..
Response of soil microbial communities to fire and fire-
fighting chemicals. Science of the Total Environment, v.408,
p.6172-6178, 2010. DOI:
http://doi.org/10.1016/j.scitotenv.2010.09.011

BORGES, S. L.; ELOY, L.; SCHMIDT, I. B.; BARRADAS, A.C. S,;
SANTOS, I. A. S.. Manejo do fogo em veredas: novas
perspectivas a partir dos sistemas agricolas tradicionais no
Jalapdo. Ambiente e Sociedade, v.19, n.3, p.275-300, 2016.
DOI: http://dx.doi.org/10.1590/1809-
4422AS50C20150020R1V1932016

BRASIL. Ministério da Agricultura Pecuaria e Abastecimento.
Proje¢des do Agronegdcio: Brasil 2018/19 a 2028/29
Projecdes de longo prazo. Brasilia: Ministério da Agricultura
Pecudria e Abastecimento, 2019.

BRASIL. Ministério da Agricultura Pecuaria e Abastecimento.
Regras para analise de sementes. Brasilia: Ministério da
Agricultura Pecudria e Abastecimento, 2009.

FIEDLER, N. C.; CANZIAN, W. P.; MAFIA, R. G.; RIBEIRO, G. A,;
JUNIOR, J. K.. Intensidade de queima de diferentes
retardantes de fogo. Revista Arvore, v.39, n.4, p.691-696,
2015. DOLI: http://dx.doi.org/10.1590/0100-
67622015000400011

FLORES, F. G. C.; GARCIA, J. I.; DOBADO, J. A.. Emerging
pollutants: origin, structure, and properties. Weinheim:
Wiley-VCH, 2018.

HARTSKEERL, K.; SIMMONS, D.; ADAMS, R.. Does firefighting
foam affect the growth of some Australian native plants.
International Journal of Wildland Fire, v.13, p.335-341,
2004. DOI: http://dx.doi.org/1049-8001/04/030335

IBAMA. Instituto Brasileiro do Meio Ambiente e dos
Recursos Naturais Renovéveis. Parecer técnico, n.514/2018-
COASP/CGASQ/DIQUA, 20 de junho de 2018. Em
atendimento a solicitagdo efetuada pela Diretoria de
Prote¢do Ambiental (DIPRO) para que a Diretoria de
Qualidade Ambiental (DIQUA) se manifeste tecnicamente
sobre o uso de retardantes de chamas aplicaveis no combate
a incéndios florestais. Brasilia: Coordenagdo de Avaliagdo
Ambiental de Substancias e Produtos Perigosos, IBAMA,
2018.

KALHAPURE, A.; KUMAR, R.; SIGH, V. P.; PANDLEY, D. S..
Hydrogels: a boon for increasing agricultural productivity in
water-stressed environment. Current Science, v.11, n.11,

Revista Ibero-Americana de Ciéncias Ambientais
v.13-n.5 ¢ Maio 2022

p.1773-1779, 2016. DOI:
http://dx.doi.org/10.18520/cs/v111/i11/1773-1779

KAMALUDDIN, M.; ZWIAZEK, J.. Naphthenic acids inhibit root
water transport, gas exchange and leaf growth in aspen
(Populus tremuloides) seedlings. Tree Physiology, v.22,
p.1265-1270, 2002. DOI:
http://dx.doi.org/10.1093/treephys/22.17.1265

KEFFER, J. F.. Efeito de retardantes de fogo sobre a
germinagdo de espécies florestais tropicais. Dissertagdo
(Mestrado em Ciéncias Ambientais) - Universidade Federal
de Mato Grosso, Sinop, 2019.

LIMA, D. C.; SOUZA, A. P.; CABECEIRA, F. G.; KEFFER, J. F.;
PIZZATTO, M.; BORELLA, D. R.. Volume de calda e
concentragdo de retardantes do fogo em queimas
controladas em area de eucalipto na transi¢cdo Cerrado-
Amazonia. Ciéncia Florestal, v.30, n.1, p.205-220, 2020a.
DOI: http://doi.org/10.5902/1980509838583

LIMA, D. C.; SOUZA, A. P.; KEFFER, J. F.; CABECEIRA, F. G.;
MARTIM, C. C.; SOUZA, T. A.. Comportamento do fogo em
diferentes concentragdes e tempos pods-aplicagdo de
retardantes em plantagdo de eucalipto na transigdo Cerrado
Amazonia. Ciéncias Agrarias, Lisboa, v.43, n.1, p.109-123,
2020b.

MAGUIRE, J. D.. Speed of germination aid in selection and
evaluation for emergence and vigour. Crop Science, v.2,
p.176-177, 1962. DOI:
http://dx.doi.org/10.2135/cropsci1962.0011183X000200020
033x

MENDONCA, T. G.; URBANO, V. R.; PERES, J. G.; SOUZA, C. F..
Hidrogel como alternativa no aumento da capacidade de
armazenamento de agua no solo. Water Resources and
Irrigation Management, v.2, n.2, p.87-92, 2013.

MICHALOPOULOS, C.; KOUFOPOULOU, S.; TZAMTZIS, N.;
PAPPA, A.. Impact of a long-term fire retardant (FireTrol 931)
on the leaching of Ca, Mg and K from a Mediterranean forest
loamy soil. Environmental Science and Pollution Research,
v.23, n.6, p.5487-5494, 2016.

MOHAMMAD, A.; MOHEMAN, A.. Effect of anionic and non-
ionic surfactants in soil-plant system under pot culture.
Chemistry of Phytopotentials: Health, Energy and
Environmental Perspectives, p.261-264, 2012. DOI:
http://doi.org/10.1007/978-3-642-23394-4 55

NEETHU, T. M.; DUBEY, P. K.; KASWALA, A. R.. Prospects and
applications of hydrogel technology in agriculture.
International Journal of Current Microbiology and Applied
Sciences, v.7, n.5, p.3155-3162, 2018. DOI:
http://doi.org/10.20546/ijcmas.2018.705.369

OLIVEIRA, A. L. S.; NERO, M. A.; JUNIOR, J. R. T.; CANDEIAS,

Page | 219



Effect of fire retardants on germination of agricultural seeds

SOUZA, A. P.; SILVA, A. C.; SANTOS, L. B.; XIMENES, E. S. O. C.; NOGUEIRA, H.; ANJOS, A. M.; SANTOS, R. J. C.

A. L. B.. Comparacdo e validagdo da modelagem espacial de
riscos de incéndios considerando diferentes métodos de
predicdo. Bulletin of Geodetic Sciences, v.23, n.4, p.556-
577,2017. DOI: http://dx.doi.org/10.1590/s1982-
21702017000400037

PELEGRIN, A. J. D.; NARDINO, M.; FERRARI, M.; CARVALHO, I.
R.; SZARESKI, V. J.; BELLE, R.; SOUZA, V. Q. D.. Polimeros
hidroretentores na cultura da soja em condigGes de solo
argiloso na regido norte do Rio Grande do Sul. Revista de
Ciéncias Agrarias, v.40, n.1, p.175-182, 2017. DOI:
http://dx.doi.org/10.19084/RCA15162

SANTOS, J. S.; FELTRAN-BARBIERI, R.; FONTE, E. S.;
BALMFORD, A.; MAIOLI, V.; LATAWIEC, A.; STRASSBURG, B.
B. N.; PHALAN, B. T.. Characterising the spatial distribution of
opportunities and constraints for land sparing in Brazil.
Scientific Reports, v.10, €1946, 2020. DOI:
http://doi.org/10.1038/s41598-020-58770-5

SILVA, D. M.; LOIOLA, P. P.; ROSATTI, N. B., SILVA, I. A;;
CIANCIARUSO, M. V.; BATALHA, M. A.. Os efeitos dos
regimes de fogo sobre a vegetagdo de cerrado no Parque
Nacional das Emas, GO: consideragGes para a conservagao
da diversidade. Biodiversidade Brasileira, n.2, p.26-39,
2011.

SIMOES, R.; PICOLI, M. C. A.; CAMARA, G.; MACIEL, A.;
SANTOS, L.; ANDRADE, P. R.; SANCHEZ, A.; FERREIRA, K.;
CARVALHO, A.. Land use and cover maps for Mato Grosso
State in Brazil from 2001 to 2017. Scientific Data, v.7, e34,
2020. DOLI: http://doi.org/10.1038/s41597-020-0371-4

SOARES, R. V.; BATISTA, A. C.. Meteorologia aplicada aos
incéndios. In: SOARES, R. V.; BATISTA, A. C.. Incéndios
Florestais: Controle, efeitos e uso do fogo. Curitiba:
Universidade Federal do Parand, 2007. p.7-30.

SONG, U.; MUN, S.; WALDMAN, B.; LEE, E. J.. Effects of three
fire-suppressant foams on the germination and physiological
responses of plants. Environmental Management, v.54,
p.865-874, 2014. DOI: http://doi.org/10.1007/s00267-014-
0303-1

SOUZA, H. N.; ARAUJO, T. G.; RIBEIRO, G. A.. Avaliagdo da
eficiéncia de um gel hidroretentor como retardante de fogo.
Revista Arvore, v.36, n.3, p.471-477, 2012. DOI:
http://dx.doi.org/10.1590/50100-67622012000300009

STEPHENS, S. L.; COLLINS, B. M.; FETTIG, C. J.; FINNEY, M. A,;
HOFFMAN, C. M.; KNAPP, E. E.; NORTH, M. P.; SAFFORD, H.;
WAYMAN, R. B.. Drought, tree mortality, and wildfire in
forests adapted to frequent fire. BioScience, v.68, n.2, p.77-
88, 2018. DOI: http://dx.doi.org/10.1093/biosci/bix146

SUTRADHAR, S. C.; KHAN, M. M. R.; RAHMAN, M. M.;
DAFADAR, N. C.. The synthesis of superabsorbent polymer
from a carboxymethylcellulose/acrylic acid blend using
gamma radiation and its application in agriculture. Journal
of Physical Science, v.26, p.23-39, 2015.

TANG, H.; ZHANG, L.; HU, L.; ZHANG, L. Application of chitin
hydrogels for seed germination, seedling growth of
rapeseed. Journal Plant Growth Regulation, v.33, p.195-201,
2014. DOI: http://dx.doi.org/10.1007/s00344-013-9361-5

TRINDADE, J. S.; SAENZ, E. A. C.; BANYS, V. L.; DIAS, F. J. S.;
PINHEIRO, A. A.. Produtividade do milheto em trés
densidades de semeadura e duas alturas de corte. Ciéncia
Animal Brasileira, v.18, p.1-10, e-41239, 2017. DOI:
http://dx.doi.org/10.1590/1089-6891v18e-41239

VAZQUEZ, A. C.; PRIETO, S. J. G.. Efectos a longo prazo do
lume e tres axentes extintores no sistema solo-planta.
Brana, v.11, n.1, p.01-25, 2013.

VIEIRA FILHO, J. E. R.. Transformagdo histérica e padr&es
tecnologicos da agricultura brasileira. In: BUAINAIN, A. M.;
ALVES, E.; SILVEIRA, J. M.; NAVARRO, Z.. O mundo rural no
Brasil do século 21: a formagdo de um novo padrdo agrario
e agricola. Brasilia: Embrapa, 2014. p.395-422.

VUKOMANOVIC, J.; STEELMAN, T.. A Systematic Review of
Relationships Between Mountain Wildfire and Ecosystem
Services. Landscape Ecology, v.34, n.5, p.1179-1194, 2019.
DOI: http://dx.doi.org/10.1007/s10980-019-00832-9

XIMENES, E. S. O. C.. Efeitos de retardantes de fogo sobre o
crescimento inicial de espécies florestais. Dissertagdo
(Mestrado em Agronomia) - Universidade Federal de Mato
Grosso, Sinop, 2020.

YONEZAWA, U. G.; MOURA, M. R.; AOUADA, F. A.. Estado da
arte: um estudo sobre polimeros biodegradaveis na
germinagao e desenvolvimento de plantas. Caderno de
Ciéncias Agrarias, v.9, n.2, p.69-78, 2017.

Os autores detém os direitos autorais de sua obra publicada. A CBPC — Companhia Brasileira de Produgdo Cientifica (CNPJ: 11.221.422/0001-03) detém os direitos materiais dos trabalhos publicados
(obras, artigos etc.). Os direitos referem-se a publicagdo do trabalho em qualquer parte do mundo, incluindo os direitos as renovagdes, expansdes e disseminagdes da contribuigdo, bem como outros
direitos subsididrios. Todos os trabalhos publicados eletronicamente poderdo posteriormente ser publicados em coletdneas impressas ou digitais sob coordenagdo da Companhia Brasileira de
Produgdo Cientifica e seus parceiros autorizados. Os (as) autores (as) preservam os direitos autorais, mas ndo tém permissdo para a publicagdo da contribuigdo em outro meio, impresso ou digital, em

portugués ou em tradugdo.

Todas as obras (artigos) publicadas serdo tokenizados, ou seja, terdo um NFT equivalente armazenado e comercializado livremente na rede OpenSea (https://opensea.io/HUB CBPC), onde a CBPC ird
operacionalizar a transferéncia dos direitos materiais das publicagBes para os proprios autores ou quaisquer interessados em adquiri-los e fazer o uso que lhe for de interesse.

Os direitos comerciais deste artigo podem ser adquiridos pelos autores ou quaisquer interessados através da aquisi¢do, para
posterior comercializagdo ou guarda, do NFT (Non-Fungible Token) equivalente através do seguinte link na OpenSea (Ethereum).

The commercial rights of this article can be acquired by the authors or any interested parties through the acquisition, for later
commercialization or storage, of the equivalent NFT (Non-Fungible Token) through the following link on OpenSea (Ethereum).

https://opensea.io/assets/ethereum/0x495f947276749ce646f68ac8c248420045cb7b5e/44951876800440915849902480545070078646674086961356520679561157868174987755521

e OpenSea

Revista Ibero-Americana de Ciéncias Ambientais
v.13-n.5 ¢ Maio 2022

Page | 220



