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ABSTRACT — Flame retardants are efficient in fighting wildfire; however, their environmental implications,
especially regarding the vegetation, need to be clarified. This work aimed at assessing the effects of flame
retardant on the initial growth of Schizolobium amazonicum. Treatments consisted in applying different flame
retardant concentrations via substrate and leaf: Phos-Chek WD-881® (0, 3.00, 6.00, 8.00 and 10.00 mL L),
Hold Fire® (0, 7.00, 9.00, 12.00 and 15.00 mL L") and water-retaining polymer Nutrigel® used as alternative
retardant (0, 0.25, 0.50, 0.75 and 1.00 g L-"). Growth analyses were carried out to assess the effects of these
substances (10 repetitions per treatment). The aliquot of 10.00 mL L' of Phos-Chek WD881 applied on the
leaves led to an increase of 70% in leaf area and 15% in seedling height. The same Phos-Chek concentration
favored height increase (32%) and total dry mass accumulation (33%) throughout time. The concentration of
15 mL L' of Hold Fire® applied on leaves, compromised 45% the accumulation of dry biomass in the seedling.
Initially, 1.00 g L' of Nutrigel® applied via substrate led to an increase of 70% in leaf area, 29% in plant height,
and 89% in leaf dry mass. Therefore, Phos-Chek applied on leaves favored shoot growth in S. amazonicum.
Hold Fire® applied on leaves impaired biomass accumulation in seedlings. Nutrigel® applied on substrate does
not cause long-lasting damage to the initial growth of S. amazonicum. The aliquot of 0.50 g L' administered
via polymer leave had positive effect on seedling shoot.

Keywords: Wildfire; Hydrogel; Growth analysis.

EFEITOS DE RETARDANTES DE FOGO SOBRE O CRESCIMENTO INICIAL DE
Schizolobium amazonicum HUBER EX DUCKE

RESUMO — Retardantes de fogo sdo eficazes em combater incéndios florestais, contudo, suas implicacées
ambientais, principalmente quanto a vegetagdo, precisam ser melhor esclarecidas. Neste trabalho, objetivou-
se avaliar os efeitos de retardantes de fogo sobre o crescimento inicial de Schizolobium amazonicum. Os
tratamentos consistiram em aplica¢oes via substrato e foliar de concentrag¢oes dos retardantes de fogo: Phos-
Chek WD-881% (0; 3,00; 6,00; 8,00 ¢ 10,00 mL L"); Hold Fire® (0; 7,00; 9,00; 12,00; e 15,00 mL L") e do
polimero hidroretentor Nutrigel® usado como retardante alternativo (0; 0,25; 0,50; 0,75 e 1,00 g L"). Para
avaliagdo dos efeitos realizaram-se analises de crescimento, com 10 repeti¢des por tratamento. Compararam-
se as médias pelo Teste de Tukey (p<0,05) conforme significincia da andlise de varidncia. A concentragdo de
10,00 mL L' de Phos-Chek WD881 via foliar proporcionou incrementos na drea foliar (71%) e altura (18%)
das mudas. No decorrer do tempo, a mesma concentragdao de Phos-Chek favoreceu o crescimento em altura
(32%) e acumulo de massa seca total (33%). A concentragdo de 15 mL L' de Hold Fire® via foliar comprometeu
em 45% o acumulo de biomassa seca das mudas. Inicialmente, 1,00 g L' de Nutrigel® via substrato diminuiu
em 28 % a média de massa seca. A concentra¢do 0,50 g L' do polimero via foliar do polimero promoveu
incrementos na darea foliar (70%), altura (29%) e massa seca das folhas (89%). Portanto, Phos-Chek via foliar
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Javoreceu o crescimento da parte aérea de S. amazonicum. Hold Fire® via foliar prejudicou o acumulo de
biomassa das mudas. Nutrigel® via substrato ndo provocou prejuizos duradouros sobre o crescimento inicial
de S. amazonicum. 0,50 g L via foliar do polimero teve efeito positivo sobre o crescimento da parte aérea das

mudas.

Palavras-Chave: Incéndio florestal; Hidrogel; Andlises de Crescimento.

1. INTRODUCTION

Concern with ecological, economic and
social damage caused by wildfire has boosted the
development of promising techniques to prevent and
hold fire, and flame retardant using stands out among
them. Retardants are chemical products added to water
to increase its extinguishing efficiency by reducing
time and the amount of water resources necessary
to control fire (Couto-Vazquéz and Gonzaléz-Prieto,
2013).

Flame retardants can have long or short duration
depending on the time their extinguishing behavior
lasts. Overall, long duration retardants have fertilizing
salts that keep the suppressing activity even after
water evaporation (Kalabokidis, 2000; Giménez
et al.,, 2004; Marshal et al., 2016). Short duration
retardants, or foam fire suppression, are composed of
surfactant, foaming and wetting agents that change
water physical features by delaying evaporation and
producing a continuous coat over the combustible
material (Plucinski et al., 2017).

If one takes into account wildfire events in Brazil,
and their influence on significant environmental
changes (Aragdo et al.,, 2018; Silva et al., 2018),
flame retardants can become an ally to mitigate
losses caused by uncontrolled fire. However, the use
of these substances remains scarce in the Brazilian
territory, since most products available in the market
are imported, a fact that impairs their use due to
their high prices, lack of information about them
and of a legislation to regulate their use (Machado
Filho et al., 2012). Few national research about this
topic are related to retardants’ efficiency in fighting
fire (Machado Filho et al., 2012; Fiedler et al., 2015;
Canzian, et al., 2016).

On the other hand, water-retaining polymers
known in the agroforestry sector as soil conditioners
have been tested as sustainable and economically
feasible alternatives to hold flames (Souza et al.,
2012; Lima et al.,, 2020a,b). Hydrogel using in
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agriculture is a sustainable, ecological and promising
technology (Azevedo et al., 2016; Kozen et al., 2017;
Pontes Filho et al., 2018). Water-retaining polymers
can be an alternative to hold fire, since they keep the
combustible material moistened by increasing water
viscosity. The anti-fire application of such products
can be safer for the environment because of the
legislation that regulates their use, which takes into
account their action as soil conditioners.

Research focusing on the investigation about the
effects of flame-retardant effects on the environment
are necessary to join fire-fighting efficiency to protect
forest ecosystems, mainly when it comes to remnant
vegetation behavior. It is so, because litter receives and
stores the applied broth in case of fire extinguishing.

The forest species Schizolobium amazonicum
Huber ex Ducke, popularly known as ‘paricd’ or
‘pinho-cuiabano’, is economically and ecologically
relevant for the Amazonian region. This species
has the potential to compose agroforestry systems
and reforestation programs given its fast growth
(Cordeiro et al., 2015). Thus, the present study aimed
at assessing the effects of different flame-retardant
concentrations and of a water-retaining polymer on
the initial growth phase of individuals belonging to
species S. amazonicum.

2. MATERIALS AND METHODS

The experiment was conducted in greenhouse
between July and October 2018, during the dry season
in the Cerrado-Amazon transition region (Souza et al.,
2013). The greenhouse had curved roof, transparent
PEBD (120-microns) plastic coating and its sides
were covered with 50% black polyester fabric. Its
dimensions were 12m in length, 6m in width and 4.5m
in height; it headed Northeast.

S. amazonicum seeds were collected from urban
afforestation matrices (11°50°48.39” S, 55°31°30.42”
W; 11°51°4.95” S, 55°31°17.11” W). Half of the seeds
germinated in polypropylene tubes, in greenhouse
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environment, and were treated with substrate since
their sowing in order to avoid the effects of retardant
application procedures. The other half of them
germinated inside germination chamber, on plastic
trays coated with germitest paper, under constant
temperature (25°C) and 12-h photoperiod. Seedlings
from the germination chamber were transferred to
tubes filled with substrate after root protrusion and
cotyledons’ expansion. They remained in greenhouse
and were treated via leaf, after transplantation.

Two tube volumes were used in the experiment,
depending on seedlings’ evaluation time: 820 cm?, for
seedlings assessed at the end of the experiment (80
DAS/DAT) and 290 cm? for the other ones. Substrate
composition consisted of the following mix: 2 forest
soil (Dystrophic red-yellow latosol):1 commercial
organic compound (bio-stabilized pine bark,
vermiculite, charcoal grinder and phenolic foam).

Treatments comprised different concentrations
of short duration flame retardant (Phos-Chek WD-
881® and Hold Fire®) and Nutrigel® water-retaining
polymer. These products were selected based on their
commercial use and availability in Brazil. Products
were not compared to each other, since they presented
different chemical compositions and behaviors.
Product concentrations were based on prescribed
burns conducted by Lima et al. (2020b) in a site of
FEucalyptus urograndis Clone H13. It was done to
assess fire behavior and product/concentration/time
efficiency after spray application.

Retardant Phos-Chek WD881® (ICL Performance
Products LP, St. Louis, MO, EUA) is composed of alpha
olefin sulfonate, 2-methylpentane-2,4-diol, lauryl
alcohol d-limonene. The following concentrations
were set based on the dilution limits recommended by
the manufacturer (from 0.1% to 1%): 0.00, 3.00, 6.00,
8.00 and 10.00 mL L. The Brazilian product Hold
Fire® (Favaro & Perin Ind. and Com. LTDA — ME,
Vila Velha, ES, BR) is offered in the form of viscous
gel; it is composed of vegetal oils, hygroscopic
natural polymer and biodegradable surfactants. Mix
dose recommended by the manufacturer ranges from
0.7% to 1.5%; therefore, the following concentrations
were used: 0.00, 7.00, 9.00, 12.00 and 15.00 mL L-'.

Nutrigel® (Agroterra Insumos, Sdo José do Rio
Preto, SP, BR) consists of water-retaining polymer
specially developed for agricultural use as soil
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conditioner and water absorber. The maximum
amount of water-retaining polymer - applicable with
fan-type nozzle backpack pump used for fire-fighting
purposes - was determined through field assays
conducted to test it as alternative flame retardant.
Thus, the maximum concentration of 1.00 g L! was
adopted to avoid clogging — it allowed the following
fractionation: 0.00, 0.25, 0.50, 0.75 and 1.00 g L.

Both the retardants and water-retaining
polymer were applied fortnight from the experiment
installation day on, always in the morning, in order
to replace irrigation. Syringes (20mL) were used to
administer the treatment via substrate, which was
manually sprayed on the leaves. Only water was used
in treatments based on concentrations equal to zero
(0) — control treatment.

Destructive growth analyses were applied to S.
amazonicum seeds at 15, 30, 60 and 80 days after
sowing (DAS) and transplanting (DAT), with 10
repetitions per treatment, in order to assess retardants
and water-retaining polymer’s effects. The following
growth variables were assessed: Number of leaves
(LN) and leaflets (NL) (visual counting), leaf area
per plant (LA) (photoelectric meter L3000, Li-cor
Company, Nebraska, USA), collar diameter (D) (at
substrate height - with the aid of digital caliper),
seedling height (H) (from collar to apical bud - with
the aid of scaled ruler), root volume (RV) (graduated
cylinder through washed roots’ immersion in known
water volume), dry mass of each plant partition (leaves
(LDM), stem (SDM) and root (RDM)) and total
(TDM) (in analytical scale, at precision of 0.0001g,
after vegetal material drying in forced air circulation
oven at 65 °C = 2 °C for 72 hours).

The experiment followed a completely
randomized design. Statistical analyses were carried
out in separate, for each application form (via
substrate or leaf application) at the beginning (15
DAS or DAT) and at the end of the experiment (80
DAS or DAT). Data were assessed when they were
proved normal through the Shapiro-Wilk test, at
5% significance level; they were changed through
the function Y= (x+1)°° when they were significant
(non-normal). Means recorded for the variables were
presented in their original form; statistics referred to
transformed data. Analysis of variance was carried
out and significant means (p<0.05) were compared
through Tukey test at 5% probability level.
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3. RESULTS

3.1 Phos-Chek WD881°® via substrate

None of the assessed variables for S. amazoncium
under Phos-Chek WD881® concentrations administered
via substrate have recorded any difference.

3.2 Phos-Chek WD881° via leaf

There were differences between witness
concentration (0.00 ml L) and maximum Phos-
Chek WD881® (10.00 ml L) application via leaf
in variables LA and H at 15 DAT. Mean LA at
concentrations 0.00; 6.00 and 8.00 ml L' were
statistically similar to each other and lower than those
at retardant concentration of 10.00 ml L-'. The mean
recorded for the LA treatment 3.00 ml L' of Phos-
Chek WD881® did not present differences in relation
to the other treatments (0.00; 6.00; 8.00 and 10.00
ml L). Mean concentration of 10.00 ml L! of Phos-
Chek WD881® via leaf was higher in variable H than
that of treatments 0.00; 3.00 and 6.00 ml L-'. Mean H
in treatment 8.00 ml L' did not differ from the other
ones (0.00; 3.00; 6.00 and 10.00 ml L!) (Table 1).

The highest Phos-Chek WD881® (10.00 mL
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(71%) LA and 5.22 cm (18 %) H increase at 15 DAT
when the means of these variables were compared to
the concentration applied to the control (Table 1).

There were no significant differences between
means recorded for treatments 8.00 and 10.00 ml L-!
of Phos-Chek WD881® via leaf in variables D, H, RV,
LDM, SDM, RDM and TDM at 80 DAT. However,
the mean recorded for the treatment without retardant
(0.00) was lower than at least one among treatments
with retardant in variable NL, H and TDM. Means
recorded for variables LA, D, RV LDM, SDM and
RDM in the witness treatment (0.00) did not differ
from those recorded for the highest concentrations of
Phos-Chek WD881® (10.00 ml L") (Table 1).

Phos-Chek WD881® concentration of 10 ml L-!
applied on leaves favored H increase by 4.8 cm (32
%) and TDM accumulation increase by 0.48 g (33%)
in comparison to the means recorded for the control
concentration at 80 DAT (Table 1).

3.3 Hold Fire® via substrate

Hold Fire® concentrations administered via
substrate were only effective for S. amazonicum growth
at 15 DAS. Seedlings’ mean H was 1.96 cm (16 %)

L") concentration applied on leaves led to 41.45 cm?

higher at

Hold Fire® concentration of 12.00 ml L'

Table 1 — Mean growth values recorded for variables of seedlings belonging to species S. amazonicum subjected to different Phos-Chek
WD881® concentrations - applied on leaves.
Tabela 1 — Valores médios das variaveis de crescimento das mudas da espécie S. amazonicum, submetidas a diferentes concentragées do
retardante Phos-Chek WD881® - aplicadas sobre as folhas.

Conc. LN NL LA D H RV LDM SDM RDM TDM
- - (cm?) (mm) (cm) (ml) (2)
15 DAT
0.00 4.90 a 74.70 a 58400 2.78 a 13.77b 1.05a 0.19a 0.16 a 0.09 a 043 a
3.00 430a 73.10a 66.46 ab 2.80a 14.59b 1.20a 0.20a 0.15a 0.10a 0.45a
6.00 3.60 a 60.70 a 58.55b 271a 15.85b 1.25a 0.17 a 0.18a 0.09 a 0.44 a
8.00 4.50 a 65.30a 59.26b 2.83a 14.01 ab 1.10a 0.18a 0.15a 0.09 a 0.42a
10.00 5.40a 86.50 a 99.85a 3.06a 18.99 a 1.60 a 0.28 a 0.23 a 0.15a 0.66 a
MSD 2.82 40.86 38.26 0.39 3.55 0.65 0.13 0.09 0.06 0.25
80 DAT
0.00 9.50 a 127.70 b 57.31 ab 4.06 ab 14.98 be 2.50 ab 0.35 ab 0.54 ab 0.54 abc 1.43b
3.00 11.17 a 150.67 ab 48.99 ab 33720 12.60 b 1.08 ¢ 0.28 ab 032c¢c 030c¢ 0.91 ab
6.00 11.63 a 161.37 ab 39.19b 3.62 ab 15.89 ¢ 1.69 bc 0.25b 0.54 bc 0.43 be 1.23 ab
8.00 1230 a 182.85a 69.84 a 4.01 ab 17.15 ab 3.18a 0.38 ab 0.73 a 0.60 ab 1.71a
10.00 10.55a 150.85 ab 58.16 ab 472 a 19.78 a 2.61 ab 039a 0.77 a 0.74 a 191 a
MSD 3.47 49.6 26.41 0.89 3.47 1.3 0.14 0.36 0.27 0.69

Means followed by the same letter did not differ from each other in the Tukey’s test at 5% probability level. Conc: concentrations; LN: number of leaves; NL: number
of leaflets; LA: leaf area; D: collar diameter; H: height; RV: root volume; SDM: stem dry mass; RDM: root dry mass; LDM: leaf dry mass; TDM: total dry mass;
MSD: minimal significant difference.
Médias seguidas pela mesma letra ndo diferem entre si pelo teste de Tukey a 5% de probabilidade. NF': niimero de folhas; NFO: numero de foliolos; AF: darea foliar;
D: didmetro do coleto; H: altura; VR: volume de raiz; MSC: massa seca do caule; MSR: massa seca de raiz; MSF: massa seca das folhas; MST: massa seca total;
DMS: diferen¢a minima significativa.
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applied via substrate than that recorded for the control.
However, outcomes of such a treatment did not differ
from those at concentrations 7.00; 9.00 and 15.00 ml L.
The mean RV recorded for seedlings only treated with
water (0.00 ml L' of Hold Fire®) did not statistically
differ from that of concentrations with retardant. The
lowest tested Hold Fire® concentrations (7.00 and 9.00
ml L") led to mean RV higher than that of the treatment
based on 15 ml L' of retardant (Table 2).

3.4 Hold Fire® via leaf

The treatment based on 12.00 ml L' of Hold
Fire® via leaf did not present differences concerning
the highest retardant concentration (15.00 ml L) in
variable D at 15 DAT, but it was higher than that of
treatments based on 0.00, 7.00 and 9.00 ml L-! of Hold
Fire®. Mean D was 0.55 mm (20%) wider at 15 DAT
than that of the control due to the application of 12.00
ml L' of Hold Fire® via substrate (Table 3).

Mean H recorded for the treatment without
retardant (0.00 ml L") did not differ from that with
concentrations with it (7.00; 9.00; 12.00 and 15.00 ml
L) at 15 DAT. The mean recorded for this variable
in treatment 7.00 ml L' was higher than that of
treatments based on 12.00 and 15.00 ml L' of Hold
Fire® via leaf (Table 3).

Seedlings treated with water (0.00 ml L' of Hold
Fire®) presented D, SDM and TDM means higher
than those of the treatment based on 15.00 ml L' of
retardant, at 80 DAT. However, these variables did not
present differences between the control treatment and
that with retardant concentration of 9 ml L!. The mean
recorded for variable H without Hold Fire® (0.00 ml
L") application did not change in comparison to the
other treatments. Mean RV of seedlings that were
not treated with retardant (0.00 ml L!) was similar to
that of treatments based on concentration of 15.00 ml
L. These two treatments were better than treatments
based on 7.00 and 12.00 ml L', although they did not
differ from the one presenting 9.00 ml L' Hold Fire®
(Table 3).

The highest Hold Fire® concentration (15 mL
L") applied to leaves highlighted decrease by 0.85
mm (21%) in mean D; by 0.30 g (55%) in SDM
and by 0.64 g (45%) in the TDM of S. amazonicum
seedlings, at 80 DAT, when they were compared to
the growth rates recorded for these variables at control
concentrations (Table 3).

3.5 Nutrigel® via substrate

Differences resulting from different Nutrigel®
concentrations applied via substrate were only
observed at 15 DAS.

Table 2 — Mean growth values recorded for variables of seedlings belonging to species S. amazonicum subjected to different Phos-Chek

WD881® concentrations - applied via substrate.

Tabela 2 — Valores médios das varidveis de crescimento das mudas da espécie S. amazonicum, submetidas a diferentes concentragoes do

retardante Hold Fire® - aplicadas via substrato.

Conc. LN NL LA D RV LDM SDM RDM TDM
- - cm? mm ml g
15 DAS
0.00 2.40a 44.40 a 78.08 a 3.33a 1041b 1.90 ab 0.17 a 0.25a 0.11a 0.53 a
7.00 2.70 a 50.20 a 84.78 a 3.53a 12.14 ab 2.20a 0.19a 031 a 0.10 a 0.60 a
9.00 2.70 a 50.00 a 95.12 a 3.59a 10.94 ab 240 a 021 a 0.26 a 0.13 a 0.60 a
12.00 2.80a 53.80a 97.85a 3.65a 1237 a 1.90 ab 021 a 0.28 a 0.12a 0.62 a
15.00 2.70 a 5240 a 74.65 a 3.71a 11.63 ab 1.30b 0.18 a 0.26 a 0.11a 0.56 a
MSD 0.61 11.15 27.90 a 0.48 0.75 0.07 0.14 0.03 0.16
80 DAS
0.00 11.60 a 186.10 a 159.82 a 4.67 a 2237 a 5.60 a 0.73 a 1.11a 1.26 a 3.10a
7.00 11.00 a 160.00 a 161.35a 4.50 a 2272 a 7.78 a 0.79 a 123 a 1.23 a 3.26a
9.00 1140 a 174.00 a 15331 a 448 a 22.83 a 6.11a 0.78 a 1.14a 1.27 a 3.19a
12.00 10.00 a 161.00 a 134.87 a 4.34 a 2231 a 525a 0.74 a 1.03 a 1.11a 2.88 a
15.00 10.33 a 156.22 a 115.76 a 441 a 21.89 a 733 a 0.57 a 1.01 a 1.21 a 279 a

Means followed by the same letter did not differ from each other in the Tukey’s test at 5% probability level. Conc: concentrations; LN: number of leaves; NL: number
of leaflets; LA: leaf area; D: collar diameter; H: height; RV: root volume; SDM: stem dry mass; RDM: root dry mass; LDM: leaf dry mass; TDM: total dry mass;

MSD: minimal significant difference.

Médias seguidas pela mesma letra nao diferem entre si pelo teste de Tukey a 5% de probabilidade. NF: niimero de folhas; NFO: nimero de foliolos; AF: drea foliar;
D: didmetro do coleto; H: altura; VR: volume de raiz; MSC: massa seca do caule; MSR: massa seca de raiz; MSF: massa seca das folhas; MST: massa seca total;

DMS: diferenga minima significativa.
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Table 3 — Mean growth values recorded for variables of seedlings belonging to species S. amazonicum subjected to different Hold Fire®
retardant concentrations - applied on leaves.

Tabela 3 — Valores médios das variaveis de crescimento das mudas da espécie S. amazonicum, submetidas a diferentes concentragées do
retardante Hold Fire® -aplicadas sobre as folhas.

Conc. LN NL LA D H RV LDM SDM RDM TDM
- - cm? mm cm ml g
15 DAT
0.00 490 a 74.70 a 58.40 a 2.78 b 13.77 abc 1.05a 0.19a 0.16 a 0.09 a 043 a
7.00 5.00 a 69.00 a 60.83 a 2.72b 15.89 a 1.30 a 0.17 a 0.14a 0.07 a 0.38 a
9.00 3.50 a 58.00 a 63.86 a 2.81b 14.10 ab 1.15a 0.17a 0.13a 0.08 a 0.38a
12.00 290 a 46.00 a 60.18 a 3.33a 12.00 be 1.40 a 0.16 a 0.12a 0.08 a 0.36 a
15.00 3.20a 52.10 a 43.13 a 3.02 ab 1043 ¢ 1.10 a 0.12a 0.10a 0.06 a 028 a
MSD 2.64 33.02 3598 0.41 3.59 0.69 0.11 0.06 0.05 0.21
80 DAT
0.00 9.50 a 127.70 a 57.31a 4.06 a 14.98 ab 250 a 035a 0.54 a 0.54a 143 a
7.00 10.50 a 134.57 a 53.19a 3.25b 1191b 1.12b 0.28 a 0.32 ab 0.40 a 1.01 ab
9.00 11.67 a 169.44 a 58.06 a 3.82 ab 16.28 a 2.00 ab 035a 0.52a 0.51 a 1.38a
12.00 11.50 a 160.75 a 4394 a 3.34b 15.07 a 1.25b 0.27 a 0.45 ab 0.40 a 1.13 ab
15.00 10.17 a 140.25 a 3924 a 3.21b 13.42 ab 292a 024 a 0.24b 031 a 0.79b
MSD 3.38 55.03 22.80 0.64 3.09 1.13 0.13 0.26 0.23 058

Means followed by the same letter did not differ from each other in the Tukey’s test at 5% probability level. Conc: concentrations; LN: number of leaves; NL: number
of leaflets; LA: leaf area; D: collar diameter; H: height; RV: root volume; SDM: stem dry mass; RDM: root dry mass; LDM: leaf dry mass; TDM: total dry mass;
MSD: minimal significant difference.

Médias seguidas pela mesma letra nao diferem entre si pelo teste de Tukey a 5% de probabilidade. NF: niimero de folhas; NFO: nimero de foliolos; AF: area foliar;
D: didmetro do coleto; H: altura; VR: volume de raiz; MSC: massa seca do caule; MSR: massa seca de raiz; MSF: massa seca das folhas; MST: massa seca total;
DMS: diferen¢a minima significativa.

Mean RV recorded for the control concentration SDM recorded for seedlings that were not treated
(0.00 g L' of Nutrigel) did not statistically differ from with Nutrigel (0.00 g L") was higher than the mean
any of the treatments with Nutrigel (0.25; 0.50; 0.75 recorded for the ones that received 0.25 and 1.00 g
and 1.00 g L"), but this variable recorded differences L' of the polymer, but it did not differ from that of
between concentrations 0.50 and 0.75 g L'. Mean concentrated ions 0.50 and 0.75 g L'. Mean RDM

Table 4 — Mean growth values recorded for variables of seedlings belonging to species S. amazonicum subjected to different water-
retaining polymer Nutrigel® concentrations - applied via substrate.

Tabela 4 — Valores médios das variaveis de crescimento das mudas da espécie S. amazonicum, submetidas a diferentes concentragoes do
polimero hidroretentor Nutrigel® - aplicadas via substrato.

Conc. LN NL LA D H RV LDM SDM RDM TDM
- - cm? mm cm ml g
15 DAS
0.00 240 a 4440 a 78.08 a 333 a 1041 a 1.90 ab 0.17 a 025a 0.11 ab 0.53 a
0.25 2.80a 52.90 a 86.19 a 2.89a 12.11 a 1.90 ab 0.19a 0.14b 0.12a 0.44 ab
0.50 230a 4440 a 7324 a 3.00 a 11.82a 1.60 b 0.16 a 0.18 ab 0.08 b 0.42 ab
0.75 2.70 a 52.70 a 78.39 a 2.84a 12.30 a 2.50a 0.16 a 0.16 ab 0.08 b 0.41 ab
1.00 270 a 52.00 a 71.45a 3.10a 12.08 a 2.10 ab 0.16 a 0.13b 0.09 ab 0.38b
MSD 0.61 10.61 26.89 0.54 1.95 0.75 0.06 0.09 0.03 0.13
80 DAS
0.00 11.6a 186.1 a 159.82 a 4.67 a 2237 a 5.60 a 0.73 a 1.11a 1.26a 3.10a
0.25 10.11 a 156.00 a 139.13 a 4.69 a 21.72 a 6.11 a 0.56 a 1.13a 1.23a 292a
0.50 95a 138.80 a 157.10 a 4.56 a 23.00 a 6.40 a 0.82a 1.23 a 1.07 a 3.12a
0.75 95a 129.40 a 151.09 a 4.66 a 19.90 a 6.60 a 0.65a 1.19a 1.10a 294 a
1.00 11a 169.33 138.31a 421 a 22.67 a 733 a 0.73 a 1.12a 1.03a 2.88a

Means followed by the same letter did not differ from each other in the Tukey’s test at 5% probability level. Conc: concentrations; LN: number of leaves; NL: number
of leaflets; LA: leaf area; D: collar diameter; H: height; RV: root volume; SDM: stem dry mass; RDM: root dry mass; LDM: leaf dry mass; TDM: total dry mass;
MSD: minimal significant difference.

Médias seguidas pela mesma letra nao diferem entre si pelo teste de Tukey a 5% de probabilidade. NF: niimero de folhas; NFO: nimero de foliolos; AF: area foliar;
D: didmetro do coleto; H: altura; VR: volume de raiz; MSC: massa seca do caule; MSR: massa seca de raiz; MSF: massa seca das folhas; MST: massa seca total;
DMS: diferen¢a minima significativa.
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recorded for the control concentration did not differ
from that of the four treatments with Nutrigel (0.25;
0.50; 0.75 g L"); the mean recorded for this variable
was higher at concentration of 0.25 g L' than at 0.50
and 0.75 g L''. Variable TDM recorded higher means
at the control concentration than that at the maximum
hydrogel concentration (1.00 g L"), but there were
no differences between the control and the other
concentrations (0.25; 0.50; 0.75 g L") (Table 4).

There was decrease by 0.12 g (48%) in SDM
accumulation and by 0.15 g (28%) in TDM in
comparison to the control treatment due to the
application of the highest Nutrigel® concentration
(1.00 g L") (Table 4).

3.6 Nutrigel® via leaf

The control treatment did not present differences
concerning the means recorded for Nutrigel
concentrations (0.25;0.50;0.75; 1.00 gL") in variables
LN and NL, at 15 DAT. Treatment based on 0.50 g L
did not differ from treatments with 0.25 and 0.00 g L!,
but it presented higher LN than concentrations 0.75
and 1.00 g L'!. Mean NL at concentration 0.50 g L-!
was only higher than that at 0.75 g L-'. Mean LA at
concentration 0.50 g L! was higher than in treatments
with 0.00 and 1.00 g L' of polymer. There was no

significant difference between control and the other
polymer applications in this variable (0.25; 0.75 and
1.00 g L") (Table 5).

H was higher in the treatment without the polymer
(0.00) than with the maximum Nutrigel® application
(1.00 g L"), but it was lower than the mean recorded
at concentrations 0.25 and 0.50 g L-'. There were no
H differences between means in treatments with 0.00
and 0.75 g L'. Mean RV was higher at the minimum
Hydrogel concentration (0.25 g L") than in the
control treatment (0.00); this treatment led to means
statistically similar to those recorded at concentrations
0.50; 0.75 and 1.00 g L'. There were no differences in
LDM means between the treatment without hydrogel
and 1.00 g L'; means in these treatments were lower
than at Nutrigel® concentration of 0.50 g L' (Table 5).

The application of Nutrigel® at concentration of
0.50 g L' administered via substrate allowed increase
by 40.04 cm? (70 %) in LA, by 7.7 cm (29 %) in H and
by 0.20 g (89 %) in LDM accumulation at 15% DAT.

There were no significant differences between
the control treatment and water-retaining polymer
concentrations (0.25; 0.50; 0.75; 1.00 g L") applied on
leaves, at 80 DAT. The difference was only observed
between treatments 0.50 and 0.75 g L', whose SDM

Table 5 — Mean growth values recorded for variables of seedlings belonging to species S. amazonicum subjected to different water-
retaining polymer Nutrigel® concentrations - applied on leaves.

Tabela 5 — Valores médios das variaveis de crescimento das mudas da espécie S. amazonicum, submetidas a diferentes concentragoes do
polimero hidroretentor Nutrigel® - aplicadas sobre as folhas.

Conc. LN NL LA D H RV LDM SDM RDM TDM
- - cm? mm cm ml g
15 DAT
0.00 4.90 ab 74.70 ab 58.40b 278 a 13.77b 1.05b 0.18b 0.16 a 0.09 a 043 a
0.25 4.40 ab 71.30 ab 88.73 ab 3.02a 19.03 a 1.70 a 0.27 ab 0.23 a 0.15a 0.65 a
0.50 5.60a 88.80 a 99.13 a 299 a 17.77 a 1.60 ab 034 a 022 a 0.15a 0.71a
0.75 2.80b 52.80b 79.66 ab 291 a 11.42 be 1.50 ab 0.21 ab 0.13 a 0.11a 0.46 a
1.00 290b 46.00 ab 59.09b 291a 10.07 ¢ 1.20 ab 0.14b 0.17a 0.15a 0.46 a
MSD 2.46 36.13 38.28 0.54 3.03 0.64 0.15 0.11 0.17 0.31
80 DAT
0.00 9.50a 127.70 a 5731 a 4.06 a 14.98 a 250a 035a 0.54 ab 0.54a 1.43 ab
0.25 9.13a 112.88 a 6298 a 4.13a 18.00 a 441 a 0.38a 0.66 ab 0.81 a 1.85 ab
0.50 8.56 a 108.33 a 4238 a 337a 16.28 a 422 a 0.26 a 0.47b 0.53a 1.26b
0.75 6.50 a 89.00 a 65.07 a 350a 18.00 a 4.67 a 0.39a 0.84 a 0.76 a 1.99 a
1.00 9.00 a 116.75 a 57.32a 344 a 18.30 a 4.10a 036a 0.61 ab 0.59a 1.56 ab
MSD 4.00 53.73 25.37 0.81 3.97 2.39 0.16 0.32 0.32 071

Means followed by the same letter did not differ from each other in the Tukey’s test at 5% probability level. Conc: concentrations; LN: number of leaves; NL: number
of leaflets; LA: leaf area; D: collar diameter; H: height; RV: root volume; SDM: stem dry mass; RDM: root dry mass; LDM: leaf dry mass; TDM: total dry mass;
MSD: minimal significant difference.

Meédias seguidas pela mesma letra ndo diferem entre si pelo teste de Tukey a 5% de probabilidade. NF: niimero de folhas; NFO: nimero de foliolos; AF: area foliar,
D: diametro do coleto; H: altura; VR: volume de raiz; MSC: massa seca do caule; MSR: massa seca de raiz; MSF: massa seca das folhas; MST: massa seca total;
DMS: diferen¢a minima significativa.
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and TDM means were higher at the mean polymer
concentration (0.50 L") (Table 5).

4. DISCUSSION

4.1 Phos-Check WD881®

The tested Phos-Chek WD881® retardant
concentrations did not have any negative effect on
the growth rates recorded for species S. amazonicum.
Variation in the forms of contact between retardant
and seedlings led to different responses. Contact via
substrate did not cause any difference in seedlings’
growth, whereas application via leaf at the highest
tested Phos-Chek WD881® concentration (10.00 mL
L") led to positive effects on LA (15 DAT), H (15 and
80 DAT) and TDM (80DAT) growth in comparison
to the control. Mean NL, LA, D, H, RV, LDM, SDM
and RDM (80 DAT) values in at least one of the Phos-
Chek WD881® concentrations via leaf were higher
than, or equal to, that of treatments without retardant;
this finding has evidenced that this product does
not disturb the growth dynamics of S. amazonicum
seedlings.

Song et al. (2014) also assessed Phos-Chek
WD881® concentrations and found that this retardant
does not affect the survival of forest species such
as Quarcus acutissima, Quarcus palustres and of
herbaceous species Brassica campestris. There were
no changes in these species even at doubled application
rates. Based on the physiological responses measured
by these authors (chlorophyll content and enzyme
superoxide dismutase), Phos-Chek does not pose any
long-term phytotoxic risk.

Lack of Phos-Chek WDS881® (via substrate)
influence on the growth parameters of S. amazonicum
seedlings points towards the fact thatdifferentinorganic
chemical molecules composing the retardant were not
metabolized by plant cells. In case these molecules
have entered the organism, such substances were
likely partitioned into storage organelle cells or, yet,
became biochemically inactive. On the other hand,
most Phos-Chek WD881® compounds are surfactant
substances likely absorbed by substrate particles. The
absorption of surfactant molecules in the soil depends
on the nature of such a surfactant and on soil physical-
chemical properties (Sanchez-Martin et al., 2008).

Results in the current study corroborate that by
Hartskeerl et al. (2004), who assessed the growth
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responses of Australian plant species after retardant
foam application and did not find any response from
such a substance in any of the 7 assessed species
(Hardenbergia violacea (Schneev) Stern, Indigofera
australis Willd., Acacia melanoxylonR.Br., Eucalyptus
polyanthemos Schauer., Banksia integrifolia L.,
Grevillea sp., Poa labillardierei Steud.). It is important
highlighting that the concentrations adopted in their
research were also diluted based on the application
limits recommended by the manufacturer. Not
even species sensitive to environmental changes
(Family: Proteaceae) showed any negative effects in
comparison to the application of the short duration
retardant — such a finding has evidenced that this
product does not pose any phytotoxic risk when it is
used according to the limits set by the manufacturer.
According to Hartskeerl et al. (2004), foam impacts
partially depend on habitat type and environmental
conditions; moreover, they are relatively small, since
no harming effect on vegetation was observed at the
end of 14 weeks.

The growth observed in the shoots of S.
amazonicum seedlings due to the application of
the highest Phos-Chek WDS881® (10.00 mL L)
concentration on leaves (15 and 80 DAT) is likely
related to the development of a liquid surface formed
by the retardant in the water-air interface, in leaves.
Surfactants found in this retardant reduced water
surface stress and led to hydrogen bridge disruption;
this process changed the shape of water drops and
allowed the widespread and penetration of the liquid
in different surfaces easier, for example, in leaf blade
(Appah et al., 2019; Gao et al., 2019). Thus, liquid
water bubbles emerge, maximize the wet surface area
and impair leaf transpiration.

Results recorded for Phos-Chek WDS881®
application in the present study corroborated the
study by Song et al., (2014), according to whom,
plants recover from stress caused by short duration
retardants and these retardants mean no danger of
phytotoxic effect on the long-run.

4.2 Hold Fire®

The influence of retardant Hold Fire® on growth
rates recorded for S. amazonicum seedlings has
changed due to concentration (7.00; 9.00; 12.00 or
15.00 ml L") and application form (via substrate
or leaf). Retardant interaction with seedlings via
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substrate did not cause any negative change in their
growth if one takes into account values observed for
the shoot of S. amazonicum seedlings (15 DAS and 15
DAT). Hold Fire® has natural hygroscopic polymers,
i.e., polymers capable of absorbing water. This feature
explains the similitude between means recorded for
seedlings that have received water and the ones that
were treated with retardant, except for concentration
of 12.00 ml L', which led to higher H value than that
of seedlings treated with water (control).

Mean H, RV (15 DAS) and D, H (15 DAT) in
the treatment without Hold Fire® (0.00 ml L") were
statistically lower, or equal to, at least one of the
treatments added with retardant (7.00; 9.00; 12.00 or
15.00 ml L); in other words, this product presents
effects similar to that of water in the first 15 plant
development days. Plantlets get totally vulnerable to
biotic and abiotic factors at the initial establishment
phase, mainly to water availability (Hadi et al.,
2018; Luo et al., 2015), given the small size of their
roots and their fast cell development. Hold Fire® has
surfactants and, according to Moore et al. (2010),
some surfactants enhance soil wettability and increase
water availability to plants; consequently, they favor
plant growth.

The negative effect observed at 80 DAT on the
diameter growth process, stem dry mass and total dry
mass accumulation in S. amazonicum seedlings due to
the application of the highest Hold Fire® concentration
on leaves is likely related to the action of surfactant’s
fat-soluble inorganic molecules on leaves. Some
surfactants change the physical-chemical properties
of leaf surface, mainly of leaf epidermis, by corroding
the protective wax and the cuticles. Damato et al.
(2017) observed epicuticular wax dissolution in
soybean leaves due to adjuvant actions. Leaf cuticle
has lipophilic and hydrophilic compounds whose main
function lies on avoiding water loss (Fernandez et al.,
2017). The photosynthetic activity is reduced by the
surfactant’s action in the waxy layer of leaves (Résch
et al., 2018), a fact that influences plant growth.

It was possible observing that such an effect
derives from successive Hold Fire® applications at 80
DAT. There was greater diameter growth in seedlings
treated with 12.00 mL L' of Hold Fire® at 15 DAT
to the detriment of the ones that only received water
(control treatment). Hygroscopic polymer’s ability to

SilF

keep water availability to leaves seems to fail against
the effects of surfactant application on leaves because
of the successive applications of it. Therefore,
besides determining safe doses of this substance, it is
necessary being careful with the number of Hold Fire®
applications within the same area. Overall, places
facing recurrent fire events become environmentally
sensitive and may house rare or endangered species
(Hartskeerl et al., 2004).

4.3 Nutrigel®

Based on results in Table 4, the water-retaining
polymer Nutrigel® did not cause any permanent
disturbance in the growth of S.
representatives. Assumingly, the negative effect of
it on seedlings’ SDM and TDM at 15 DAS was a
genetic feature of the species itself. Seedlings were
treated with 1.00 g L' of Nutrigel® via substrate
since sowing. Keffer (2019) assessed the effects
of this polymer on the germination and vigor of S.
amazonicum seedlings and found reduced number
of normal plantlets due to Nutrigel® application. On
the other hand, they found larger numbers of them in
T. roseoalba, H. impetiginosus and E. schomburgkii
seedlings subjected to the same concentrations of this
water-retaining polymer.

amazonicum

According to Keffer (2019), the water-potential
difference between Nutrigel and seedlings has likely
guided the water flow into the seeds; this process led
to the formation of abnormal plantlets. Lower SDM
and TDM in seedlings may be the reflex of such a
prior disorder in the seed. S. amazonicum is a pioneer
species highly capable of adapting to stress as seen at
80 DAS; none of the growth variables was influenced
by Nutrigel application via substrate.

The main goal of adopting the treatment with
hydrogel lied on reaching higher efficiency in using
water to produce forest seedlings in plant nursery
(Navroski, et al., 2015). These benefits boosted the
use of water-retaining polymer as flame retardants.
The literature addresses several examples of tree
species such as Eucalyptus dunnii (Navroski et al.,
2015) Handroanthus ochraceus (Mews et al., 2015),
coffee (Souza et al., 2016), Corymbia citriodora
(Azevedo et al., 2016), Cordia trichotoma (Kelling, et
al., 2017), Mimosa scabrella (Kozen et al., 2017) and
Enterolobium contortisilliquum (Pontes Filho et al.,
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2018) that have potentiated their own growth after the
application of water-retaining polymers via substrate.

Based on the results, S. amazonicum seedlings
can benefit from small aggregates of water-retaining
polymers on leaves. The treatment based on 0.50 g
L' of Nutrigel® via leaf led to higher LA, H and LDM
(15 DAT) means than water application (0.00). The
other growth variables (LN, NL, RV at 15 DAT; SDM
and TDM at 80 DAT) recorded for seedlings that have
received some Nutrigel concentration were the same
as those of the control. However, there is no record
in the literature about hydrogel application on plants’
leaves.

Leaves are the main organs involved in dry
mass production due to photosynthesis (Tondjo
et al., 2015). One can infer that Nutrigel does not
have adverse effect on vegetation when it is applied
according to the recommended concentrations
because it is consolidated in the agroforest market,
whose goal is to boost plant growth through water
availability. Hydrogel contact on leaf surface
impaired the soil/plant interaction, led to greater leaf
hydration and contributed to lower leaf temperature.
Leaf temperature influenced gas exchange and had
direct effect on photosynthesis and respiration. Many
authors have seen high leaf temperatures as the main
factor harming carbon fixation, since they affect
enzyme activity (Heskel et al., 2016; Slot and Winter,
2017; Blonder and Michaletz, 2018).

5. CONCLUSIONS

Phos-Chek WD881® concentrations of 3.00, 6.00,
8.00 and 10.00 mL L applied via substrate on leaves
did not impair the initial growth of S. amazonicum
seedlings. The highest concentration of it (10.00 mL
L") applied on leaves has favored shoot growth in
seedlings.

The initial growth of S. amazonicum
representatives was not negatively affected by
Hold Fire® concentrations of 7.00, 9.00, 12.00 and
15.00 mL! applied via substrate. The Hold Fire®
concentration of 12.00 mL L-!' applied via substrate
has favored height increment in S. amazonicum
seedlings.

Longer depositions of the highest Hold Fire®
(15.00 mL L") concentrations applied on leaves
harmed S. amazonicum growth in diameter, stem dry
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mass accumulation and total S. amazonicum with
time.

The application of water-retaining polymer
Nutrigel® (0.25; 0.50; 0.75 ;1.00 g L) as retardant via
substrate did not cause any long-term harming effect
on the initial growth of S. amazonicum representatives.
The Nutrigel® concentration of 0.50 g L' applied
on leaves had positive effect on shoot growth in S.
amazonicum seedlings.

Given the Brazilian heterogeneity and floristic
complexity, it is important highlighting the relevance
of further studies to be carried out in different
environments, as well as the assessment of other plant
species, so that fire retardant effects on plants can
be clarified and safe environmental concentrations
normalized.
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