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Abstract

Although silicon is considered a non-essential element for plants, its application can mitigate the harmful effects
of salt stress. In this sense, the objective was to evaluate the physiological and flowering responses of ornamental
sunflower depending on the applicatfion of silicon and irrigation with saline water. The experiment was carried
outin a greenhouse in a completely randomized design with six replications, in a 4 x 5 factorial scheme, referring
to four electrical conductivities of irrigation water (ECw): 0.5; 1.5; 2.5 and 3.5 dS m' and silicon doses: 0, 50,
100, 150 and 200 mg L', with potassium silicate as the source. The following were evaluated: intfernal carbon
concentration, transpiration, rate of liquid photosynthesis, instant efficiency of carboxylation, leaf indexes of
chlorophyll a, b, chlorophyll a/b ratio, total chlorophyll, external and internal diameter of the chapter, number
of petals, appearance of floral bud, beginning of flowering and full opening of the floral bud. Salinity negatively
affects photosynthetic activity and flowering of ornamental sunflower plants, so that plants irrigated with saline
water (3.5 dS m?') delayed the appearance of the flower bud, the flowering index and the total opening of the
floral button. The application of silicon in ornamental sunflower plants is not effective to mitigate the deleterious
effects of salinity on the plant’s physiology. In addition, the addition of silicon is also not able to repair the losses
in ferms of flowering caused by salt sfress in the species.
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Intfroduction

In recent years, flower cultivation has generated
employment and income in Brazil (Nascimento et al.,
2019), with ornamental sunflower productfion being a
viable profitable activity, especially in small production
areas. Sunflower producing regions, mainly in northeastern
Brazil, have suffered from water scarcity and water quality
when available, which are one of the great challenges
for flower growers (Oliveira et al., 2017).

Irigation is an alternative adopted in culfivated
areas to guarantee the production of agricultural crops.
However, saline waters in agricultural areas are common
in Northeast Brazil (Medeiros et al., 2017). The use of these
waters negatively affects seed germination, seedling
emergence, growth and production (Parihar et al., 2015).
Among the effects caused by the use of saline waters,
the reduction of biomass, phytotoxicity and nutritional
imbalance, decrease in photosynthetic activity due to

the low level of photosynthetic pigments production and
stimulation of the synthesis of chlorophyllase, an enzyme
that inhibits the production of chlorophyll (Lucena et al.,
2012).

One of the strategies to mitigate the deleterious
effects of salinity on plants is the application of silicon (Si),
which, although not considered an essential element for
plants, can promote several benefits, such as reducing
the negative impacts of stress. In plant species that
have been subjected to biotfic or abiotic stress, studies
show beneficial effects of Si ferfilization (Liu et al., 2019;
Khorasaninejad & Hemmati, 2020).

Regarding saline stress in plants, Si proved
to be effective in reducing it in different species. Si-
mediated salt stress mitigation involves several regulatory
mechanisms such as photosynthesis, osmoftic adjustment,
species
using anfioxidants and non-antioxidants, and nutrient

defoxification of harmful reactive oxygen
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absorption efficiency (Zhang et al. 2017; Liu et al., 2019). ).
such as fomato (Lycopersicon
lycopersicum (L.) H. Karst.) and rice (Oryza sativa) under
saline stress conditions, the application of silicon promoted
greater leaf area, chlorophyll content and improved
the structure of chloroplasts, providing an increase in
photosynthetic activity (Haghighi & Pessarakli, 2013;
Lekklar et al. 2019). In addition, in oilseeds, the application
of Si can promote greater growth under saline irrigation
conditions (Ferraz et al., 2015; Hurtado et al., 2019).

In a study carried out with sunflower (Helianthus
annuus L.), silicon confributes to the attenuation of saline
stress by improving the ability of these plants to absorb
nutrients. However, in the aforementioned study there
is no demonstration of the effects of silicon on plant
physiology, as well as on its flowering (Hurtado et al,,
2019). Thus, the objective of this work was to evaluate the
physiology and flowering of ornamental sunflower under
silicon application and irrigation with saline water.

In  crops

Material and Methods
Plant material and experiment site

The experiment was carried out in a greenhouse
located in the Olericulture Sector of the Federal University
of Paraiba (UFPB), Areia-PB, Brazil.

The plant material used came from commercial
ornamental sunflower seeds (Helianthus annuus L., Sol
nocturnal variety) for cultivation in pots. The Nocturnal Sun
variety reaches 2 to 3 meters in height, its production is
approximately 10 stems/plant and small flowers. Its leaves
are hairy, which gives it a grayish color. In addition, it has
capifulum-type inflorescences in assorted colors, with
dark shades, ranging from dark orange, red and brown.

The 'Sol Noturno' ornamental sunflower seeds
were purchased from Isla®. Germination occurred
directly in the pofts, with the ability fo 5 dm?, filled with soil
from the Chda-de-Jardim community, Areia, PB, classified
as eufrophic Regolithic Neosol, with sandy loam-clay
texture, non-saline and non-sodic, with chemical and
physical analyzes evaluated (Table 1). After germination,
the most vigorous seedling was selected.

The plants were irrigated daily, with a volume of
water sufficient to raise the soil moisture to field capacity
values, recording the entire gross volume applied. Field
capacity was determined by the difference between the
applied volume and the drained volume 48 hours after
irigafion. These irrigations were carried out with non-
saline waters. (CEa= 0.5 dS m”) and salt flats (ECw = 1.5;
2.5e3.5dS m”). The different ECw were obtained by using
the salts of NaCl, CaCl,.2H,0 and MgCl,.6H,0, in the
proportion of 7:2:1. Irrigation with the different electrical

conductivities was started 10 days after emergence.

Table 1. Physical and chemical attributes of the soil used in the
experiment.

Physics Values Fertility Values
AG (g kg') 454 pHem dgua (1:2,5) 7.03
AF (g kg) 435 P (mg dm=) 28.88
Silte (g kg') 192 K* (mg dm3) 290.00

Argila (g kg™) 219 Na* (cmol_dm?) 0.31
Ada (g kg') 27 Ca*2(cmol_dm?) 4.50

GF (%) 87.7 Mg*?(cmol_dm?) 2.10
Ds (gcm?®) 1.00 Al3 (cmol_dm?) 0.00
Dp (g cm?) 2.61 H*+AI"* (cmol_dm?®)  1.73
Pt (m®m?) 0.62 SB (cmol_dm?) 7.65
Ucc (g kg?) 169.3 CTC (cmol_dm?3) 9.38

Upmp (g kg™) 117.91 V (%) 81.56
Ad (g kg') 51.40 m (%) 0.00
Class textural Clay franc sandy M.O (g kg”) 21.83

AG = Coarse sand; AF = Fine sand; Ada = Clay available in water; GF = Flocculation degree (clay
— Ada/clay)*100; Ds = soil density; Dp = Particle density; Pt = fotal porosity; (1-(Ds/Dp)*100) Ucc =
Volumetric humidity at field capacity level - 0.033 Mpa; Upmp = Humidity at permanent wilting point
level - 1.5 Mpa; Ad = available water, M.O = Organic matter; SB = Sum of bases (Ca*?+Mg*+K*+Na*);
CTC = Cation exchange capacity = [SB+(H++Al+3)]; V = Saturation by base = (SB/CTC) x 100; m = (100
X AR) /t=(100x AF) / Ca* + Mg™ + K*+ Na* + Al*?).

The water used for irrigation was analyzed and
presented the following characteristics: pH= 7.90; Electric
conductivity = 0.50 dS m'; Ca* = 1.56 mmol_L'; Mg* =
0.32mmol_L"; Na*=3.81 mmol_L'; K*=0.28 mmol_L"; SO *
=0.50 mmol_L'; CO,* = 0.40 mmol_L"; HCO, = 7.50 mmol_
L CI-=1.00; RAS = 3.93 mmol_L"; PST = 4.33% and Water
classification =C.S,.

The silicon was applied in the form of potassium
silicate (K,Si0,), liquid, with 12% Si and 15% K,O. The doses
of Si of the treatments were applied through a manual
sprayer. Each treatment was diluted in 100 mL of water
and this volume was applied to the plants, which were
divided info 4 applications, at 15, 30, 45 and 60 days after
emergence. As the source of silicon (potassium silicate)
contains 15% of K,O, compensation was carried out via
fertigation for each treatment, subtracting the amount
of K applied via foliar in the topdressing fertilization,
thus maintaining the homogenization of this element,
independent of freatment.

In the experimental units, a plastic film similar to
mulching was placed, in order to prevent the solutfion
containing Si from coming info contact with the soil,
preventing its absorption. After application, the excess
solution that remained on the mulching was removed
with the aid of a syringe, preventing the solution from
entering the bag.

A completely randomized experimental design,
presentfing a factorial scheme of 4 x 5, with é repetitions,
referring to four electrical conductivities of the irrigation
water (ECw): 0.5; 1.5; 2.5 e 3.5 dS m' and five doses of
silicon: 0, 50, 100, 150 and 200 mg L. The experimental units
consisted of five plants, grown in polyethylene bags.
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Physiological and flowering analyzes

The effect of different tfreatments on ornamental
sunflower was evaluated at 45 days after sowing, by
determining the internal carbon concentration (Ci - umol
CO, mol ar'), transpiration (E - mmol H,O m? s'), net
photosynthesis rate (A - umol CO, m?2s') and the infrinsic
efficiency of carboxylation (EIC - A/Ci - umol m? s')/
(umol mol ar')]. An infrared gas analyzer (IRGA) model
LCpro+Sistem was used for the gas exchange analysis.
With the aid of a Clorofilog® chlorophyll meter (Falker)
measurements of leaf chlorophyll a, b, chlorophyll a/b
and total chlorophyll indices were also performed.

At the end of the experiment, 60 days after
irigafion with saline water, when the sunflower plants
presented the flower in the R9 stage (physiological
maturation phase), that is, capitulum dorsum and yellow
bracts (Castro & Farias, 2005) evaluated -se: The external
diameter (DE) and infernal diameter of the head (Dl),
number of petals (NP), in the flowers when harvested,
as well as the appearance of floral bud (APBOT, days
after emergence), beginning of flowering (IF, days after
emergence) and total opening of the flower bud (ABTOT,
days after emergence).

DE was obtained by averaging horizontal and
vertical measurements of petal boundaries; the DI was
obtained from the arithmetic mean of the vertical and
horizontal limits obtained in the disc flowers and the NP
was counted all the petals without any discrimination
criterion; the APBOT was obtained by counting the days
from sowing until the moment when a sphere was seen in
the center of the apical meristem; for the IF, the moment
in which the color of the flower is already noticed was
considered, in the ABTOT, the counting of the days from
sowing until the day when all the petals (flowers of the
ray) were fully opened.

Statistical analysis

Data were submitted to analysis of variance
using the F Test (P<0.05). For variables with a significant
interaction effect, the response surface was adjusted, and
if not, the polynomial regression analysis was performed.
Analyzes were performed using SAS® stafistical sofftware
(Cody, 2015).

Results and Discussion

No significant effect was observed for the
interaction between the levels of electrical conductivity
in the irmgation water and the doses of silicon on
the variables analyzed. The electrical conductivities
significantly influenced most of the analyzed variables,
except for the transpiration rate, chlorophyll b index,

internal flower diameter and number of petals, which
showed no difference. For the silicon doses, it was
found that only the photosynthesis rate and the internal
concentration of CO, were stafistically influenced.

The net photosynthetic rate (A) of ornamental
sunflower plants decreased as the electrical conductivities
in the irrigation water increased, with the highest rate
(21.60 umol of CO, m?s') when the plants were irrigated
with water from 0.5 dS m™' and the smallest(18,42 umol of
CO, m2 ') with irigation with water from 3.5 dS m™. As
the EWc increased, there was a reduction in 1.08 umol of
CO,m?s"(14.72%) on the net photosynthesis rate per unit
increase in ECw, in plants irrigated with water frome 3.5
dS m?' compared to those irigated with water of 0.5 dS
m (Figure 1A).

The decrease in the net photosynthesis rate may
have been influenced by irrigation with saline water, since
under stress conditions the stomata of sunflower plants
may have closed, reducing the entry of carbon. Thus,
with the reduction of CO, input in the intercellular spaces
or in the substomatic chamber, it may have affected the
photosynthetic activity of sunflower plants (Flexas et al.,
2008; Kusvuran, 2012).

The doses of Si provided an increase in the net
photosynthesis rate of ornamental sunflower plants,
obtaining a maximum point of 21.55 ymol of CO, m? s
in plants that received 50 mg L' of silicon. However, from
this dose there was a reduction in the net photosynthetic
rate until the dose of 200 mg L', being observed in this
the lowest net photosynthetic rate (15.98 umol CO, m?s’)
(Figure 1B).

The ECw of irrigation water increased the internal
concentration of CO, (Ci) of ornamental sunflower plants,
observing an increase of 28.65% in plants irrigated with
water from 3,5 dS m?' compared to those irigated with
water from 0.5 dS m™. The highest internal concentration
of CO, (265.84 umol m? s') occurred in plants irigated
with water from 3.5 dS m™ (Figure 1C). According to the
adjustment of the equation, the dose of 80 mg L of silicon
promoted the lowest internal concentration of CO, (254.9
pmol m?2 s7), while the dose of 200 mg L' promoted the
highest Ci (256.18 umol m2s) (Figure 1D).

These results corroborate those observed by
Sousa Junior et al. (2017) when they found that the saline
increment reduced gas exchange in sunflower irrigated
with saline water. The same was observed by Lima et
al. (2017) in castor bean culture, where they found
that the increase in the electrical conductivity of water
promoted deleterious effects on gas exchange and
chloroplast pigments. The increase in CO, concentration
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and the reduction in photosynthetic activity may have
been caused by the reduction in rubisco activity, as this
response occurs due fo the damage to the photosynthetic
apparatus in the carboxylation step and to the increase

in photorespiration, since Ribulose 1-5 biphosphate
carboxylase oxygenase (Rubisco) catalyzes the first step

of this route (Pereira et al., 2004).
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Figure 1. Net photosynthesis rate “A”

(A and B), infernal carbon

concentration “Ci"” (C and D) and instantaneous efficiency of carboxylation
“EIC"” (E) of ornamental sunflower plants irigated with saline water as a

function of application of silicon.

The instantaneous efficiency of carboxylation
(EiC) reduced when irrigating ornamental sunflower
plants with saline water, obtaining the highest value
(0.0955) in plants irrigated with water of lower salinity (0.5
dS m7); from this ECw there was a decrease of 27.43%
in plants irrigated with water from 3.5 dS m' compared
to those irrigated with water from 0,5 dS m™' (Figure 1E).
In the bean crop, Oliveira et al. (2017) also observed
that the instantaneous efficiency of carboxylation was
reduced with increasing salinity in the irrigation water.

The increase in ECw reduced the levels of
chlorophyll a (Figure 2A), total chlorophyll (Figure 2B) and
chlorophyll a/chlorophyll b ratio (Figure 2C), obtaining
the highest indices (4.84; 5.80 and 5.2), respectively, in
plants irigated with saline water from 0.5 dS m™'. From this
ECw there was a decrease of 22.10; 17.24 and 32.69% in
chlorophyll A type, total chlorophyll and chlorophyll a/

chlorophyll b ratio in plants irrigated with water from 3. dS
m™' compared to those irrigated with water of 0.5 dS m™
(Figure 2). These results were also observed by Lima et al.
(2017) in castor bean plants subjected to salinity levels.
The reduction in chlorophyll
imigation with saline water can be aftributed fo the

levels due fto

acclimatization of ornamental sunflower plants to saline
stress, as the plants can reduce energy expenditure and,
consequently, capture less light energy, thus avoiding
possible photo-oxidative stresses (Tabot & Adams, 2013),
which was observed in the present work. In addition, these
reductions may also indicate an increase in the synthesis
of chlorophyllase, an enzyme that acts in the degradation
of the molecules of this photosynthetic pigment.
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Figure 2. Chlorophyll a (A), total chlorophyll (B) and chlorophyll a/
chlorophyll b ratio (C) of ornamental sunflower plants irrigated with saline

water.

The silicon did not influence the floral induction
of the ornamental sunflower, verifying the absence of
effects for the appearance of the floral bud, flowering
index, total opening of the floral bud and external
diameter of the capitulum of the ornamental sunflower
plants. In turn, irrigation with saline water promoted an
increase in the number of days for the appearance of the

floral bud (Figure 3A) and in the flowering index (Figure
3B), obtaining 47 days for the appearance of the floral
bud in plants irrigated with lower salinity water (0.5 dS m-'),
from this ECw there was an increase of 11.93% (5 days) in
the number of days in plants irrigated with water of 3.5 dS
m in relation to those irrigated with water from 0.5 dS m-'.
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Figure 3. Appearance of the floral bud (a), flowering index (b), total opening of the
floral bud (c) and external diameter of the chapter (d) of ornamental sunflower

plants irrigated with saline water.

Ornamental sunflower plants showed areduction
in the cycle (50 days to the beginning of flowering), when
irigated with water from 0.5 dS m’, and, from this ECw
onwards, the plants needed more days fo flower, and
imigation with water from 2.5 dS m the one that provided

the greatest number of days (60 days) for the flowering of
ornamental sunflower plants (Figure 3B).

The total opening of the floral bud increased
when the sunflower plants were irigated with saline
water, obtaining the lowest number of days (52 days) with
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irrigation with water from 0.5 dS m'. By increasing the ECw
t0 2.5 dS m' anincrease of up to 15.06% was observed in
the number of days for the total opening of the floral bud,
in plants irrigated with water from 2.5 dS m' compared to
those irrigated with water from 0.5 dS m' (Figura 3C).

The external diameter of the head reduced
when irrigating the ornamental sunflower plants with
higher salinity, obtaining the highest value (26.66 mm)
in plants irrigated with water with lower salinity (0.5 dS
m); from this ECw, there was a decrease of 27.43% in
plants irigated with water of 2.5 dS m™' in relation to those
irigated with water of 0.5 dS m™' (Figure 3B).

The increase in the beginning of flowering of
ornamental sunflower plants was also observed by Nobre
et al. (2010) in sunflower, where they found an increase
of 0.73 days per unit increase in ECw (dS m) for the
beginning of flowering. It is possible that the delay in
flowering of sunflower plants was caused by the reduction
of the osmotic potential of the soil solution caused by
salts, making it difficult for water to enter the plant cells
and, consequently, impairing the performance of the
culture (Tester & Davenport, 2003).

Hurtado et al. (2019) demonstrated that silicon
mitigated the deleterious effects of saline stress on
biomass gain in ornamental sunflower plants, however,
the demonstrated mechanism for this stress relief was a
decrease in Na+ influx concomitant with an increase in
nutrient influx. In this study, on the other hand, it can be
observed that this adjustment is not accompanied by
photosynthetic changes or gas exchanges, in addition,
delays and losses in flowering are also not attenuated
by silicon, showing that for this species the gains in
total biomass not necessarily translate into increased
productivity.

Conclusions

Salinity negatively affects photosynthetic activity
and flowering of ornamental sunflower plants, so that
plants irrigated with saline water (3.5 dS m™') delayed the
appearance of the floral bud, the flowering rate and the
total opening of the flower. floral button. The application
of silicon in ornamental sunflower plants is not effective
to aftenuate the deleterious effects of salinity on plant
physiology. In addition, the addition of silicon is also not
able to repair the losses in terms of flowering caused by
saline stress in the species.

References

Castro, C.; Farias, J.R.B. 2005. Ecofisiologia do girassol. In:
Leite, R.M.V.B.C.; Brighenti, A.M.; Castro, C. Girassol no
Brasil. EMBRAPA, Londrina, Brazil. p. 163-218.

Cody, R. 2015. An Introduction to SAS University Edition.
SAS Institute, Cary, USA, 366p.

Flexas, J., Ribas-Carbd, M., Diaz-Espejo, A., Galmés, J.,
Medrano, H. 2008. Mesophyll conductance to CO,:
current knowledge and future prospects. Plant, cell &
environment 31: 602-621.

Ferraz, R.L.D.S., Magalhdes, 1.D., Belirdo, N.E.D.M.,
Melo, A.S.D., Brito Neto, J.F.D., Rocha, M.D.S. 2015.
Photosynthetic pigments, cell extrusion and relative
leaf water confent of the castor bean under silicon
and salinity. Revista Brasileira de Engenharia Agricola e
Ambiental 19: 841-848.

Haghighi, M., Pessarakli, M. 2013. Influence of silicon and
nano-silicon on salinity tolerance of cherrytomatoes
(Solanum lycopersicum L.) at early growth stage. Scientia
Horticulturae 161: 111-117.

Hurtado, A.C., Chiconato, D.A., Mello Prado, R., Sousa
Junior, G.DS., Felisberto, G. 2019. Silicon aftenuates
sodium foxicity by improving nufritional efficiency in
sorghum and sunflower plants. Plant Physiology and
Biochemistry 142: 224-233.

Khorasaninejad, S., Hemmati, K. 2020. Effects of silicon
on some phytochemical fraits of purple coneflower
(Echinacea purpurea L.) under salinity. Scientia
Horticulturae 264: 108954.

Kusvuran, S. 2012. Effects of drought and salt stresses on
growth, stomatal conductance, leaf water and osmotic
potentials of melon genotypes (Cucumis melo L.). African
Journal Agricultural Research 7:775-781.

Lekklar, C., Chadchawan, S., Boon-Long, P., Pfeiffer, W.,
Chaidee, A. 2019. Salt stress in rice: multivariate analysis
separates four components of beneficial silicon action.
Protoplasma 256: 331-347.

Lima, G.S., Gheyi, H.R., Nobre, R.G., Soares, LA,
Fernandes, P.D., Freitas Furtado, G. 2017. Trocas gasosas,
pigmentos cloroplastidicos e dano celular na mamoneira
sob diferentes composicoes catidnica da dgua. Irriga 22:
757-774.

Liu, B., Soundarargjan, P., Manivannan, A. 2019.
Mechanisms of Silicon-Mediated Amelioration of Salt
Stress in Plants. Plants 8: 1-13.

Lucena, C.C.D., Siqueira, D.L.D., Martinez, H.E.P., Cecon,
P.R. 2012. Efeito do estresse salino na absorcdo de
nufrientes em mangueira. Revista Brasileira de Fruticulfura
34: 297-308.

Medeiros, J.F., Corddo Terceiro Neto, C.P., Silva Dias, N.,
Gheyi, H.R., Silva, M.V.T., Loiola, A.T. 2017. Salinidade e pH
de um argissolo irigado com dgua salina sob estratégias
de manejo. Revista Brasileira de Agricultura Irrigada 11:
1407-1419.

Nascimento, A.M.P.D., Paiva, P.D.D.O., Manfredini, G.M.,
Sales, T.S. 2019. Harvest stages and pulsing in ornamental
sunflower ‘Sunbright Supreme’'. Ornamental Horticulture
25: 149-157.

Comunicata Scientiae, v.13: e3415, 2022



Véras et al. (2022)

Irrigation water salinity and silicon...

Nobre, R.G., Gheyi, H.R., Correia, K.G., Soares, F.A.L,
Andrade, L.O.D. 2010. Crescimento e floragcdo do girassol
sob estresse salino e adubac¢do nitrogenada. Revista
Ciéncia Agronémica 4: 358-365.

Oliveira, M.L.A., Silva Paz, V.P., Gongalves, K.S., Oliveira,
G.X.S. 2017. Crescimento e producdo de girassol
ornamental irrigado com diferentes IGdminas e diluicdes
de dgua residudria. Irriga 22: 204-219.

Oliveira, W.J.D., Souza, E.R.D., Cunha, J.C., Silva, E.F.D.F.,
Veloso, V.D.L. 2017. Leaf gas exchange in cowpea
and CO, efflux in soil irigated with saline water. Revista
Brasileira de Engenharia Agricola e Ambiental 21: 32-37.

Parihar, P., Singh, S., Singh, R., Singh, V.P., Prasad, S.M.
2015. Effect of salinity stress on plants and its tolerance
strategies: a review. Environmental Science and Pollution
Research 22: 4056-4075.

Pereira, F.H.F., Espinula Neto, D., Soares, D.C., Oliva, M.A.
2004. Trocas gasosas em plantas de tomateiro submetidas
a condicodes salinas. Horticultura Brasileira 22: 1-6.

Sousa Junior, J.R., Lima, G.S., Gheyi, HR., Lima, V.L
A.. Santos, J.B., Sousa, J.R.M., Furtado, G.F. 2017. Gas
exchange and production of sunflower (‘Helianthus
annuus' L.) irigated with water of different salinity,
cationic nature and nitrogen doses. Australian Journal of
Crop Science 11: 300-307.

Tabot, P.T., Adams, J.B. 2013. Early responses of Bassia
diffusa (Thunb.) Kuntze to submergence for different
salinity freatments. South African Journal of Botany 84: 19-
29.

Tester, M., Davenport, R. 2003. Na* folerance and
Na* transport in higher plants. Annals of Botany 91: 503-
527.

Zhang, W., Xie, Z., Wang, L., Li, M., Lang, D., Zhang, X. 2017.
Silicon alleviates salt and drought stress of Glycyrrhiza
uralensis seedling by altering antioxidant metabolism and
osmotic adjustment. Journal of Plant Research 130: é11-
624,

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships
that could be construed as a potential conflict of interest.

All the contents of this journal, except where otherwise noted, is licensed
under a Creative Commons Attribution License attribuition-type BY.

Comunicata Scientiae, v.13: e3415, 2022



