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ABSTRACT

Drought is the most harmful environmental factor crop productivity. Some chemicals are used in agriculture to mitigate the damage from
this stress on plants. Therefore, we examined whether the spraying of zinc sulfate (ZS), potassium phosphite (KPhi) and the hydrogen
sulfide (H,S) donor sodium hydrosulfide (NaHS) would mitigate the deleterious effects of water deficit on sunflower plants by analyzing
physiological and biometric characteristics. The experiment was carried out in a greenhouse using a randomized block design with five
replications. The treatments were arranged in a 4 x 2 factorial scheme: [Factor A (Alleviators)] - spraying of KPhi (0.5 L ha), ZS (3.2 kg ha™),
NaHS (1.2 g ha''), and water; [Factor B (substrate humidity, SH)] - 100% (well irrigated) and 30% (water deficit, WD) of field capacity. Under
WD conditions, alleviators led to the maintenance of higher values of water potential (¥,), a lower content of leaf malonaldehyde (MDA),
and increased activity of the antioxidant enzyme peroxidase (POX), except for ZS. However, leaf osmotic potential, proline concentration,
variables related to gas exchange and chlorophyll a fluorescence, and biometric characteristics differed only according to the SH factor.
The results of W, and MDA for sunflower plants under WD are indicative of the mitigating capacity of ZS, KPhi, and H,S. Thus, the spraying
of these compounds on sunflower plants mitigates the effects of WD, acting specifically in physiological processes related to antioxidant

responses and in the maintenance of water in leaf tissues.

Index terms: Photosynthesis; water deficit; malonaldehyde; leaf water potential; mitigating substance.

RESUMO

A seca é o fator ambiental que mais prejudica a produtividade das culturas. Alguns produtos quimicos tém sido utilizados na agricultura
para mitigar os danos causados por esse estresse nas plantas. Portanto, examinamos se a pulverizacdo dos compostos sulfato de zinco
(ZS), fosfito de potassio (FP) e doador de sulfeto de hidrogénio (H,S) - hidrossulfeto de sédio (NaHS) - mitigam os efeitos deletérios do déficit
hidrico em plantas de girassol, analisando caracteristicas fisiolégicas e biométricas. O experimento foi conduzido em casa de vegetacdo sob
delineamento de blocos ao acaso com cinco repeti¢des. Os tratamentos foram arranjados em esquema fatorial 4 x 2: [Fator A (aliviadores)]
- pulverizagdo de FP (0.5 L ha), ZS (3.2 kg ha™"), NaHS (1.2 g ha), e 4gua; [Fator B (umidade do substrato, US)] - 100% (bem irrigado) e 30%
(déficit hidrico, DH) da capacidade de campo. Nas condi¢8es de DH, os aliviadores levaram a manuteng¢do de maiores valores de potencial
hidrico (¥,,), menor teor de malonaldeido foliar (MDA) e aumento da atividade da enzima antioxidante peroxidase (POX), exceto para ZS.
Entretanto, o potencial osmético foliar, a concentragdo de prolina, as variaveis relacionadas as trocas gasosas, fluorescéncia da clorofila a
e as caracteristicas biométricas diferiram apenas em func&o do fator US. Os resultados de W, e MDA em plantas de girassol sob DH s&o
indicativos da capacidade mitigadora do ZS, FP e H_S. Assim, a pulverizacdo desses compostos em plantas de girassol mitiga os efeitos do DH,
atuando especificamente em processos fisiologicos relacionados a respostas antioxidantes e na manutencdo de dgua nos tecidos foliares.

Termos para indexagao: Fotossintese; déficit hidrico; malonaldeido; potencial hidrico foliar; substancia mitigadora.

INTRODUCTION

The sunflower (Helianthus annuus L.) has great
importance in the world economy as one of the most
cultivated oilseed crops (Castro; Leite, 2018). Sunflower
seeds contain 38% to 50% oil, which is widely used in
human food and the production of biodiesel (Miladinovi¢
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et al., 2019). The average productivity of sunflower crops
in the worldwide was 1803.9 kg/ha in 2019 (FAO, 2019).
Many environmental factors contributed to the non-
achievement of greater productivity in the sunflower harvest
in Brazil, which highlights the increase in the frequency
of drought seasons (Soares et al., 2019). Large economic
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losses were reported for Brazilian agribusiness, primarily
due to periods of severe drought in the field (Ribeiro et al.,
2018). Increases in these abiotic stress events are among
the consequences of anthropogenic global warming (Mora
et al., 2017; Dai; Zhao; Chen, 2018), which threatened
agricultural productivity worldwide.

Plants exposed to water deficit show changes in
several physiological and biochemical processes, such as
chlorophyll degradation (Zhou et al., 2014), cell osmotic
adjustment (Batista et al., 2020), reduction in stomatal
opening and carbon dioxide (CO,) assimilation (Tariq et
al., 2018). The increase in the formation of reactive oxygen
species (ROS) in plants exposed to water deficit is also
noteworthy (Batista et al., 2018). ROS promote membrane
lipid peroxidation and the oxidation of macromolecules,
such as nucleic acids and proteins (Rivas et al., 2017; Tariq
etal., 2018). Under oxidative stress, higher concentrations
of malonaldehyde (MDA) are an indicative of cellular
damage, and increases in the activity of antioxidant
enzymes act in the plant defense against the stress (Li et
al., 2017).

Finding methods to minimize the negative effects
of water restriction is essential for maintaining crop
productivity. An alternative technique to mitigate the
damage of abiotic stresses in plants is the application
of different classes of chemical compounds using, via
leaf spraying (Dinis et al., 2016; Van Oosten et al.,
2017; Kahlaoui et al., 2018; Sabir; Sari, 2019). Among
the numerous alleviators researched, zinc sulfate (ZS)
potassium phosphite (KPhi), and hydrogen sulfide (H,S)
mitigated stress due to water deficit via maximizing the
physiological processes involved in maintaining turgor
and increasing antioxidant metabolism (Batista et al.,
2020).

The ZS application increases enzyme antioxidant
defenses and prevents oxidative stress in plants (Ma
et al., 2017). ZS also contributes to higher levels of
total chlorophyll, abscisic acid and proline, and well as
improves the efficiency of stomatal control (Monjezi;
Vazin; Hassanzadehdelouei, 2013; Zafar et al., 2014).
Potassium phosphite (KPhi) was initially proposed as a
protective fungicide, but studies described its potential as
a plant biostimulant, and it induced tolerance to abiotic
stresses (Gomez-Merino; Trejo-Téllez, 2015). This effect
was verified via the stimulation of antioxidant enzymes,
such as superoxide dismutase (SOD), ascorbate peroxidase
(APX) and guaiacol peroxidase (POX) (Oyarburo et al.,
2015; Machinandiarena et al., 2018).

In addition to foliar fertilizers, cell signaling
molecules show several improving effects on plant
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metabolism, such as the performance of hydrogen sulfide
(H,S) in inducing antioxidant defenses and, improving the
photosynthetic capacity and stomatal control of plants in
water deficit conditions (Garcia-Mata; Lamattina, 2010;
Corpas, 2019). Therefore, the application of the H,S
donor NaHS (sodium hydrosulfide) promoted increases
in the relative water content and antioxidant defenses
in soybean under drought (Batista et al., 2020). Smaller
amounts of ROS and MDA were also verified (Zhang et al.,
2010). These studies support NaHS as a potential reliever
of abiotic stresses in cultivated plants (Singh; Tripathi;
Fotopoulos, 2020).

The present study tested the hypothesis that ZS,
KPhi and H,S would improve the tolerance of sunflower to
water deficit. This study is the first report on the application
of these three compounds to sunflower plants under water
deficit conditions. Thus, the objective was to verify whether
the foliar spraying of ZS, KPhi and NaHS alleviated the
deleterious effects of water deficit on sunflowers and,
provided better water and osmotic adjustment, protection
against cellular damage, maintenance of CO, assimilation
and plant growth.

MATERIAL AND METHODS

Plant material and experimental conditions

The experiment was performed in a pad-cooled
greenhouse where the air temperature was programmed not
to exceed 27 °C. The greenhouse is located at the Instituto
Federal Goiano - Campus Rio Verde, Goias, Brazil. The
sunflower hybrid used in this study was the Sany 66
(Atlantica Sementes®), with a cycle of approximately
110 days. Sunflower plants were grown in plastic pots
containing 5 dm™ of substrate (Bioplant®), one plant per
pot. Each pot was fertilized with 4.6 g of the formulated
fertilizer 10-10-10 (NPK) and 0.32 g of the formulated FTE
BR12 (S=3.2%; B =1.8%; Cu=0.18%; Mn = 2.0%; Mo
=0.1%; Zn=9.0%).

Experimental design

The experimental design was arranged in
randomized blocks, with five (5) replicates. It consisted
of a 4 x 2 factorial design: [Factor A (alleviators and
water)] 1) spraying of 0.5 L ha’! potassium phosphite
(KPhi), 2) 3.2 kg ha! zinc sulfate (ZS), 3) 1.2 g ha! sodium
hydrosulfide (NaHS), and 4) water (without product, WP)
and [Factor B (Substrate humidity, SH)] 1) 100% well-
watered control (WW), and 2) 30% (water deficit, WD)
of field capacity (FC).
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Imposition of treatments and analysis

Thirty-eight days after sowing and at the R1
stage, sunflower plants were sprayed one day before
the imposition of the water regimes using a sprayer
pressurized by CO,, four-tip bar type XR11002-VP,
with a double fan and a spray volume equivalent
to 200 L ha'! via pressure regulation of 2 bar. The
meteorological data at the time of application were
24.8 °C temperature and 88.3% relative humidity, as
measured using a Kestrel 4000 weather meter (Kestrel
Instruments, Nielsen-Kellerman Company). For the
imposition of water treatments, the FC of the cultivation
substrate was determined using a gravimetric method
(Costa et al., 2015). To control substrate moisture
during the stress period, each pot was weighed twice
daily (11 am and 5 pm), and the water lost through
evapotranspiration was replaced, to maintain the plants
as well-watered (WW) or under water deficit (WD)
using 100 and 30% of FC, respectively. Ten days after
the imposition of treatments (DAIT), analyses of water
relations, gas exchanges, chlorophyll a fluorescence,
concentration of chloroplast pigments, content of
proline and malonaldehyde, antioxidant enzyme activity
and biometric measurements were performed.

Water relations

Predawn leaf water potential (¥,) was measured
using a Scholander pressure chamber (model 3005-1412,
Soilmoisture Equipment Corp.), between 04:00 and 06:00
in the morning. For the evaluation of leaf osmotic potential
(W), the cellular exudate was extracted from the leaves
and 10 pL analyzed using a vapor pressure osmometer
(model 5600, VAPRO, Wescor, Logan, Utah, USA) (Pask
etal., 2012). Osmotic potential values were obtained using
the Van’t Hoff’s equation: ¥ = — RxT*Cs, where R is
the universal gas constant (0.08205 1 atm mol' K™'), T is
the temperature (T °K =T °C + 273), and Cs the solute
concentration (M), usually expressed in atmospheres and
converted to MPa (0.987 =1 atm = 0.1 MPa).

Gas exchange

Gas exchanges of the plants were measured using
a portable infrared gas analyzer with coupled modulated
fluorometer (IRGA, model L16800xt, Li-Cor, Nebraska,
United States), on the latest fully expanded plant leaf. Net
photosynthetic rate [4, umol (CO,) m?s"], transpiration
rate [£, mmol (H,0) m?s"'], stomatal conductance [g,,
mol (H,0) m?s'], and the ratio between internal and
external CO, concentration (C/C ) were measured under

photosynthetically active radiation (PAR) of 1500 pmol m?s™!
and a block temperature of 25 °C. The instant water use
efficiency was obtained by the formula EUA = [A/E, pmol
(CO,) mmol (H,0)'m?s'].

Chlorophyll a fluorescence

The fluorescence variables of chlorophyll a were
recorded on the same leaf of photosynthesis using a
portable modulated fluorometer coupled to the IRGA
(L16800xt, Li-Cor, Nebraska, United States). The
evaluations were performed in the dark-adapted leaves,
so that the reaction centers were fully open (primary
oxidized receptors) with minimal heat loss. Leaves were
initially dark-adapted to estimate the initial fluorescence
(F,), maximum fluorescence (Fm) and potential quantum
yield of photosystem II (PSII) F /F,, = [(F, — Fm)/
Fm] (Genty; Briantais; Baker, 1989). The slow phase
variables were obtained after the application of an actinic
illumination, followed by a pulse of saturated actinic light
for the determination of steady-state fluorescence (F) and
maximum fluorescence in a sample adapted to light (Fm’),
respectively, allowing to calculate the effective quantum
yield of photochemical energy conversion in PSII (@)
= (Fm’ — F)/Fm’]. The @ was also used to estimate the
apparent electron transport rate, ETR = ®. PARxAleaf
x0.5 (Bilger; Schreiber; Bock, 1995), where PAR is
the photon flow (umol m™ s) on the leaves, A _ is the
amount corresponding to the fraction of incident light that
is absorbed by the leaves and 0.5 is the excitation energy
fraction directed to the PSII (Laisk; Loreto, 1996). The
non-photochemical quenching coefficient (NPQ) was
calculated as NPQ = (Fm — Fm’)/Fm’; and the relative
energy excess at the PSII level as (EXC = (F /F,) — (Fq’/
Fm’)/(F/F,,) (Bilger; Schreiber; Bock, 1995).

Pigment concentration

Pigment concentration was determined by
extraction with dimethylsulfoxide (DMSO) saturated
with calcium carbonate (CaCO,) according to Castro et al.
(2019). Three leaf discs (0.6 cm?) were incubated in 5 mL
of DMSO solution, and the pigments were extracted for
24 h in a water bath set to 65 °C. The spectrophotometric
readings were later obtained at 480.0, 649.1, and 665.1
nm using a UV-VIS spectrophotometer (model Evolution
60S, Thermo Fisher Scientific Inc.). The chlorophyll a
(Chla = 12.194,, — 3.454,,,), and chlorophyll 5 (Chlb
=21.994,,, — 5.324,,,) and total carotenoids (Carot =
(10004, — 2.14C,_ — 70.16C,)/220) concentrations were
calculated according to Wellburn (1994) and expressed in
micrograms per leaf area.
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Determination of proline content

For free proline measurement, 200 mg of fresh
leaf material was homogenized in 4 mL of 80% ethanol
according Bates, Waldren and Teare (1973), with some
modifications. After centrifugation (6300 g, 10 min), an
aliquot of 250 pl of filtrate extract was mixed with 2 mL
acid ninhydrin (1.25 g ninhydrin, 30 mL glacial acetic
acid, 20 mL 6 M orthophosphoric acid in 200 mL), 2 mL
of glacial acetic acid and 2.65 mL of water. The samples
were incubated at 90 °C in a water bath for 35 min and,
after this period, placed on ice to stop the reaction. We
added 4 mL of toluene to the solution, followed by stirring
for complete separation of the chromophore-containing
toluene to be analysed. The absorbance of the supernatant
was measured at 515 nm in a UV-VIS spectrophotometer
(model Evolution 60S, Thermo Fisher Scientific Inc.).
The proline concentration was calculated by comparison
with a proline standard curve (0 to 100 ug mL™') and was
expressed as pmol g FM™.

Determination of malondialdehyde (MDA)

The content of MDA was evaluated to determine
the lipid peroxidation using the method proposed by
Heath and Packer (1968). Leaf samples (0.160 g) were
homogenized in 2 mL 0.1% (w/v) trichloroacetic acid
(TCA), and the homogenate was centrifuged at 12 000 g for
15 min at4 °C. The supernatant (500 pL) was mixed with 2
mL of TBA reagent (0.5% [w/v] of TBA in 20% TCA). The
reaction mixture was heated at 90 °C for 20 min in a water
bath and then quickly cooled in an ice bath and centrifuged
at 3000 g for 4 min. The absorbance of the colored
supernatant was monitored at 440, 532 and 600 nm using
a UV-VIS spectrophotometer (Evolution 60S, Thermo
Fisher Scientific, Madison, EUA). The concentration of
MDA was calculated using the molar extinction coefficient
of 155 mM™! ¢cm! according to the following equation:
MDA (nmol mL") = [(A532-A600)/155000] 10°. The
concentration of MDA in leaves was expressed nmol
TBA-MDA g! FW (Heath; Packer, 1968).

Determination of peroxidase activity

Peroxidase (POX, EC 1.11.1.7) activity was
determined by addition of the crude enzyme extract to a
reaction mixture containing 25 mM potassium phosphate
buffer (pH 6.8), 20 mM pyrogallol and 20 mM hydrogen
peroxide (Kar; Mishra, 1976). The reaction was measured
at 420 nm in a UV-VIS spectrophotometer for 1 min
at 25 °C. An extinction coefficient of 2.47 mM' cm’!
(Chance; Machley, 1955) was used to calculate POX
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activity and was expressed as pmol min"! mg! of protein.
Protein concentration was determined according to
Bradford (1976).

Biometry

The plants were measured to determine the
biometric variables: plant height (H, cm), number of
leaves, number of nodes, and stem diameter (mm). Leaves
and stem were separated into paper bags and oven dried
at 65 °C for 72h to obtain leaf dry matter (g) and stem
dry matter (g).

Statistical analysis

The data were evaluated for homogeneity and
normality of errors (Bartlet and Shapiro-Wilk test) and,
when significant, Box-Cox transformation was used (Box;
Cox, 1964). After meeting the prerequisites, analysis of
variance was performed to examine the effects of the
isolated factors and their interaction (F test, a <0.05).
When there was a difference between treatments, multiple
comparisons of means were used (Tukey’s test, a <0.05).
The analyses were performed using Software ActionStat
Pro® (ActionStat v. 3.3.2). Graphs were generated using
SigmaPlot® software (Systat Software v.10.0).

RESULTS AND DISCUSSION

The leaf water potential (‘¥,) of sunflower plants
differed separately due to the alleviating and substrate
humidity (SH) factors (Figure la-b). Therefore, ¥,
was higher in plants sprayed with potassium phosphite
(KPhi), zinc sulfate (ZS) and the hydrogen sulfide donor
(H,S) NaHS in both field capacities (FC) (Figure 1a). H,S
showed results similar to plants without product (WP)
application, which showed lower values of ¥, (Figure 1a).
The higher values of V', of sunflower plants were observed
due to the spraying of the H,S donor, and primarily KPhi
and ZS, which indicate a higher water content in the leaf
tissues of the plants (Figure 1a-b). Batista et al. (2020),
observed similar results in soybean plants under stress
during 8 days of treatments, in which the application
of these same alleviators promoted the maintenance of
relative water content of plants under water deficit (WD)
equal to well-watered (WW) plants. Although the ¥, was
higher in the water deficit (WD) condition after spraying
NaHS, KPhi, and ZS, the values were not statistically
equal to those of the well-watered (WW) plants in the
present study of sunflower plants (Figure 1b). There was
also a mitigating effect regardless of substrate moisture
level (Figure 1a).
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Figure 1: Water potential [¥,, (a and b)], osmotic potential [W,, (c)] and proline concentration [Pro, (d)] of
sunflower plants after 10 days of substrate humidity (SH) conditions of 100% (well-watered, WW) and 30% (water
deficit, WD) of the field capacity (FC) combined with the spraying of the alleviators: potassium phosphite (KPhi),
zinc sulfate (ZS), hydrogen sulfide (HS) donor NaHS, and without product (WP). Means followed by different
capital letters between Alleviators (n = 10) or SH (n = 20) differ significantly from each other (Tukey's test a <0.01).

Vertical bars indicate means + SE.

The proline (Pro) leaf concentration was higher in
the WD condition and differed only as a function of FC
(Figure 1d). The general strategy of plants for maintaining
water in WD conditions is an osmotic adjustment, due
to the accumulation of osmolytes (Chaumont; Tyerman,
2014; Nawaz et al., 2016; Silva et al., 2019). However,
there was no differential osmotic adjustment due to the
spraying of KPhi, NaHS, and ZS in the present study,
which was observed in the results of osmotic potential
(P, (Figure 1c), with only an effect of the imposed water
regimes. The Pro accumulation is one of the strategies
used in collaboration with the osmo-protection, and it act
as an antioxidant (Azmat; Moin, 2019). Unlike wheat and
soybean plants under WD conditions, which showed an

increase in Pro due to treatment with ZS (Ma et al., 2017,
Batista et al., 2020), KPhi and H,S (Batista et al., 2020).

The gas exchange parameters of sunflower
plants differed only as a function of FC (Figure 2), and
the photosynthetic rate (4), stomatal conductance (g,),
transpiration rate (£), ratio between internal and external
CO, (C/C)) and carboxylation efficiency (4/C,) were lower
in the WD condition (Figure 2a-d e Figure 2f). However,
the water use efficiency (WUE) was higher in the WD
condition (Figure 2¢). The lowest A was primarily due to
the restriction of stomatal opening, which was observed in
soybean and Jatropha curcas plants under WD conditions
(Silvaetal., 2015; Castro et al., 2019). There was likely no
damage to the biochemical stage of photosynthesis. One

Ciéncia e Agrotecnologia, 44:e006320, 2020
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Figure 2: Photosynthetic rate [A, (a)], stomatal conductance [g,, (b)], transpiration rate [E, (c)], relationship between
internal and external CO, concentration [C/C,, (d)], water use efficiency [WUE, (e)] and carboxylation efficiency of
Rubisco [A/C, (f)] of sunflower plants after 10 days in substrate humidity (SH) conditions of 100% (well-watered,
WW) and 30% (water deficit, WD) of the field capacity (FC) combined with the spraying of the alleviators: potassium
phosphite (KPhi), zinc sulfate (ZS), hydrogen sulfide (HS) donor NaHS, and without product (WP). Means followed
by different capital letters between SH (n = 20) differ significantly from each other using the Tukey's test (a <0.05
and a <0.01). Vertical bars indicate means + SE.

Ciéncia e Agrotecnologia, 44:e006320, 2020
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indication of damage to the Calvin-Benson cycle is the
accumulation of CO, in the substomatal chamber (Silva et
al., 2015; Rivas et al., 2017), which cannot be verified in
the ratio between the internal and external concentration of
CO, (C/C) (Figure 2d). Despite the C/C, ratio being 3.2%
lower in the WD condition in the present study, a greater
difference was expected compared to the WW condition.
This result is due to the limitation of g_ affecting 4 and £
more intensely than C/C, (Figure 2a-d), which corroborates
the lower 4/C, observed in sunflowers (Figure 2f), which
was unlike cocoa plants under WD conditions (Zanetti
et al., 2016). Notably, the values of 4 in WD conditions
suggest that the imposed stress was not severe. These
values were close to the values found by Vital et al. (2017)
in sunflower plants, but in the control treatment.

The regulation of stomatal opening is a strategy
to prevent plant dehydration via the loss of water in the
atmosphere (Henry et al., 2019). There was a lower E of
sunflower plants due to the limitation of g as a function
of WD. Therefore, the objective of the entire strategy of
stomatal regulation under WD conditions is to increase
the WUE (Buezo et al., 2019). Furthermore, this increase
in WUE, as expected, was verified in the sunflower plants
in the present study (Figure 2e).

The potential quantum yield of photosystem II
(PSII) (F,/F,,) did not differ between treatments (Figure 3a).
However, the effective quantum yield of PSII (®,) and the
electron transport rate (ETR) differed as a function of FC
and were lower in the WD condition (Figure 3b e d). The
nonphotochemical dissipation (NPQ), the excess energy
relative to the PSII (EXC) and the ETR/A ratio were
higher in the WD condition (Figure 3¢ e 3e-f). Therefore,
the effects of WD on photosynthesis also occurred via
a decrease in the efficiency of the photochemical step,
which was observed in the effective quantum yield of the
PSII (®,) and the electron transport rate (ETR) (Figure
3b and 3d). The ETR/A ratio was also indicative of the
lower photosynthetic efficiency in the WD condition
(Figure 3f) because sunflower plants demanded more
electrons for each CO, molecule assimilated. This effect
was also seen in plants of Calotropis procera under the
same stress condition (Rivas et al., 2017). Therefore, the
ETR/A results corroborate the 4/C,, parameter, indicate a
disturbance in the assimilation of CO, that was not only
due to the stomatic restriction. Notably, KPhi, H,S, and
ZS were reported to alleviate the harmful effects of stress
on photosynthetic machinery (Oyarburo et al., 2015; Ma
etal.,2017), and act as inducers of the antioxidant defense
system (Machinandiarena et al., 2018; Corpas, 2019),
but no stress-alleviating effects of these substances were
observed in the photosynthetic process of sunflower plants.

The increase in energy dissipation in NPQ is a
strategy of tolerance to WD (Figure 3c). This response occurs
due to the increased performance of the xanthophyll cycle,
which is a strategy to prevent damage to the photosynthetic
apparatus due to the excess of light energy (EXC) (Rivas
et al., 2017; Glowacka et al., 2018). The regeneration of
ADP and NADP* for the photochemical step is impaired
with the lowest of the Calvin-Benson cycle, which generate
a negative regulation of photosynthesis (Silva et al., 2015).
Sunflower plant strategies were effective during WD stress
to avoid the occurrence of photoinhibition. This success was
verified in the stability of the ' /F), ratio (Figure 3a) because
the reduction of this variable is indicative of photoinhibition
(Maxwell; Johnson, 2000), which was not observed in this
study.

Among the chloroplast pigments, there was no
difference between treatments for the content of chlorophyll
a (Chl a) and carotenoids (Carot) (Table 1). The chlorophyll
b (Chl b) content differed for factor FC, with lower values
observed for plants under WD (Table 1). Corroborating with
the ', /F results, there was no degradation of Chl a content,
which are part of the reaction center of the photosystems.
However, WD reduced the content of Chl b (Table 1), which
plays an important role in the light harvesting complex
(LHC) of photosystems (Nagao et al., 2020). This strategy
decrease light absorption to avoiding photooxidative
damage during stress conditions (Buezo et al., 2019).

There was an interaction between the Alleviating
x SH factors for the content of malondialdehyde (MDA)
(Figure 4a) and activity of peroxidase (POX) (Figure 4b).
The water deficit did not increase the MDA values in response
to the application of the compounds, only without product.
When compared between the substrate humidity per product,
no difference was observed, except in plants sprayed with
only water. The lower accumulation of MDA in sunflower
plants due to the spraying of NaHS, KPhi, and ZS suppots the
potential role of these substances in mitigating the oxidative
stress caused by WD (Figure 4a), which was observed in
soybean plants in development stage V4 and R1 (Batista et
al., 2020). The content of MDA was statistically equivalent
between the plants under WD and WW with the application
of NaHS, KPhi, and ZS. This result indicates an important
role of these substances in the antioxidant metabolism of
sunflower plants because plants that received only water
spray in the WD condition accumulated 46% more MDA
than the WW condition. The MDA content observed in this
work under optimal conditions (WW condition with spraying
only water) was compatible with that observed by Vital et al.
(2017), also under control conditions, which indicates that
the plants in the WP treatment were under oxidative stress
in the WD condition.

Ciéncia e Agrotecnologia, 44:e006320, 2020
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Figure 3: Potential quantum yield [F /F,, (a)] and effective [®,, (b)] of the PSIl, nonphotochemical dissipation [NPQ,
(€)1, electron transport rate [ETR, (d)], excess energy related to PSII [EXC, (e)], and the ratio ETR/A (f) of sunflower
plants after 10 days under substrate humidity (SH) conditions of 100% (well-watered, WW) and 30% (water deficit,
WD) of the field capacity (FC) combined with the spraying of alleviators: potassium phosphite (KPhi), zinc sulfate
(ZS), hydrogen sulfide (HS) donor NaHS, and without product (WP). Means followed by different capital letters
between SH (n = 20) differed significantly from each other using the Tukey’s test (a <0.05). Vertical bars indicate
means + SE.
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Table 1: Chlorophyll a (Chl a), chlorophyll b (Chl b) and carotenoids (Carot) content of sunflower plants after 10
days in substrate humidity (SH) conditions of 100% (well-watered, WW) and 30% (water deficit, WD) of the field
capacity (FC) combined with the spraying of alleviators: potassium phosphite (KPhi), zinc sulfate (ZS), hydrogen
sulfide (HS) donor NaHS, and without product (WP).

Chla Chl b Carot
[Hg cm? FW]
WW - 100% of FC
WP 38.66 +2.77 14.47 £ 0.32 7.57 £0.52
KPhi 38.75 + 1.68 14.85 + 1.54 7.42+0.34
ZS 40.42 +2.43 15.20 £ 0.90 7.92 +0.31
HS 45.07 £ 2.26 15.92£1.21 8.79+0.52
Mean 40.73 +1.22 15.11 £ 0.52A 7.93+0.23
WD - 30% of FC
WP 40.04 +1.82 14.06 £ 0.48 7.59 +0.47
KPhi 42.33+2.03 1490+ 1.13 8.08 +0.36
ZS 36.88 +4.18 13.42 £0.92 7.58 £ 0.81
HS 40.54 + 2.64 13.75 £ 0.58 7.87 £ 0.46
Mean 39.95 +1.37 14.03 + 0.40B 7.78 £0.26
CV. (%) 13.38 9.59 13.78
Alleviators N.S. N.S. N.S.
SH N.S. * N.S.
Alleviators x SH N.S. N.S. N.S.

Means followed by different capital letters between SH (n = 20) differ significantly from each other using Tukey’s test (a < 0.05).
Vertical bars indicate means + SE.

Figure 4: Malonaldehyde content [MDA, (a)] and peroxidase activity [POX, (b)] of sunflower plants after 10 days in
substrate humidity (SH) conditions of 100% (well-watered, WW) and 30% (water deficit, WD) of the field capacity (FC)
combined with the spraying of alleviators: potassium phosphite (KPhi), zinc sulfate (ZS), hydrogen sulfide (HS) donor
NaHS, and without product (WP). Means followed by different capital letters between SH and lower letters between
Alleviators differed significantly from each other using Tukey's test (a <0.01). Vertical bars indicate means + SE.
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10

ALMEIDA, G. M. et al.

POX activity was higher in plants under water
deficit than in well-watered plants in the absence of
alleviators and after the spraying of KPhi and NaHS.
Plants treated with ZS did not differ between water
availability conditions, which indicates that other
antioxidant enzymes may have acted because the MDA
content did not increase in the WD condition. One
possible enzyme with increased activity is superoxide
dismutase, which use zinc as a metal cofactor (Marreiro
et al., 2017; Batista et al., 2020). The spraying of KPhi
induced less POX activity in well-watered plants than
WP and ZS. Under water deficit, greater POX activities
occurred in the WP and NaHS treatments. The induction
in POX activity may have contributed to plant protection
against damage to cell membranes (Figure 4b). The role
of H,S in increasing the antioxidant metabolism of plants
under WD conditions was reported (Corpas, 2019). This
increase was observed in wheat and soybean plants, in
which the application of NaHS promoted a reduction
in the content of MDA and H,O, due to the increased
activity of antioxidant enzymes, including peroxidase
(Ma et al., 2016; Zhang et al., 2010). The application

of NaHS increased the biosynthesis of abscisic acid
and promoted stomatal closure in wheat plants (Ma et
al., 2016). KPhi also acted in the potentiation of the
sunflower antioxidant system in the WD condition via
increasing POX activity, which corroborates observations
in potato plants (Oyarburo et al., 2015; Machinandiarena
et al., 2018).

WD stress decreased the growth of sunflower plants
based on the reduction in biometric characteristics at the
end of the stress period (Figure 5). Among the biometric
variables, plant height, stem diameter, leaf dry matter, and
stem dry matter differed as a function of FC, with lower
values detected in the WD condition (Figure Sc-f). However,
the number of leaves and the nodes of sunflower plants did
not differ as function of the treatments (Figure 5a-b). There
was no alleviation of the WD condition in reducing the
biometric characteristics of plants with the spraying of
NaHS, KPhi, and ZS. The decrease in growth primarily
occurred due to the restriction of CO, assimilation and
reduction in the accumulation of biomass, which was
reported in other plants with high oil production potential
(Moura et al., 2018).

Figure 5: Number of leaves (a), number of nodes (b), plant height (c), stem diameter (d), leaf dry matter [LDM,
(e)] and stem dry matter [SDM, (f)] of sunflower plants after 10 days in substrate humidity (SH) conditions of
100% (well-watered, WW) and 30% (water deficit, WD) of the field capacity (FC) combined with the spraying of
alleviators: potassium phosphite (KPhi), zinc sulfate (ZS), hydrogen sulfide (HS) donor NaHS, and without product
(WP). Means followed by different capital letters between SH (n = 20) differed significantly from each other using

Tukey's test (a < 0.01). Vertical bars indicate means + SE.

Ciéncia e Agrotecnologia, 44:e006320, 2020
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Figure 5: Continuation.

CONCLUSIONS

The spraying of potassium phosphite, zinc sulfate,
and the hydrogen sulfide donor sodium hydrosulfide on
sunflower plants mitigated the effects of drought stress by
acting specifically in physiological processes related to
antioxidant responses and the maintenance of water in leaf
tissues. However, there was no alleviation of water deficit for
photosynthetic processes. These results indicate the potential
of these substances to mitigate water deficit in sunflower crop
and the importance of carrying out field experiments.
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