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Physiological responses of Eucalyptus urophylla young plants treated with
biostimulant under water deficit

Respostas fisioldgicas de plantas jovens de Eucalyptus urophylla tratadas com
bioestimulante sob déficit hidrico

Rayka Kristian Alves Santos', Paulo Araquém Ramos Cairo", Romario Pereira
Barbosa"" Janderson de Jesus Lacerda', Caio da Silva Mafra Neto", Theilon
Henrique de Jesus Macedo"!

Abstract

Biostimulants consist of a mixture of growth regulators that, when they are sprayed on plants, act on hormonal
balance, enhancing its development. Stimulate® is a biostimulant composed by indole butyric acid (0.005%),
kinetin (0.009%) and gibberellic acid (0.005%) which promotes root growth, improves water and nutrients uptake,
and helps restore plant hormonal balance. This research was based on the hypothesis that Stimulate® spraying
can be an alternate way to mitigate negative effects of soil water-limiting on plant growth. The experimental
work was performed in greenhouse and aimed to evaluate physiological responses of young plants of Eucalyptus
urophylla sprayed with different Stimulate® concentrations and submitted to the following irrigation regimes:
full, partial and no irrigation. Leaf water potential, relative water content, net photosynthesis, plant height
and main root length were measured. Under water-limited conditions, plants sprayed with Stimulate® showed
higher net photosynthesis and relative water content had a less decrease, due to osmotic adjustment. Spraying
with Stimulate® also provided greater plant height and longer main root length in plants under water deficit.
We conclude that the use of Stimulate® can be a viable option to mitigate negative water stress physiological
effects in young plants of Eucalyptus urophylla, helping to partially maintain the plant growth under water-
limited conditions.
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Resumo

Os bioestimulantes consistem em uma mistura de reguladores de crescimento que, quando aplicados nas plantas,
atuam no equilibrio hormonal, melhorando seu desenvolvimento. Stimulate® é um bioestimulante composto por
dcido indol%utl'rico (0,005%), cinetina (0,009%) e dcido giberélico (0,005%), que promove o crescimento das raizes,
melhora a absorc@o de dgua e nutrientes e ajuda a restaurar o equilibrio hormonal das plantas. Esta pesquisa foi
baseada na hipdtese de que a pulveriza¢ido com Stimulate® pode ser uma forma alternativa de mitigar os efeitos
negativos da limitacao da 4gua no solo para o crescimento das plantas. O trabalho experimental foi realizado em
casa de vegetacdo e objetivou avaliar respostas fisioldgicas de plantas jovens de Eucalpptus urophylla pulverizadas
com diferentes concentragdes de Stimulate® e submetidas aos seguintes regimes de irrigacdo: total, parcial e
sem irrigacdo. Foram mensurados o potencial hidrico foliar, o teor relativo de dgua, a fotossintese liquida, a
altura de p(I;antas e o comprimento da raiz principal. Sob condic¢des de limita¢ao hidrica, as plantas pulverizadas
com Stimulate® apresentaram maior fotossintese liquida, e o conteido relativo de d4gua teve menor decréscimo,
devido ao ajuste osmdtico. A pulverizagdo com Stimulate® também proporcionou maior altura de planta e maior
comprimento de raiz principal em plantas sob deficit hidrico. Concluiu-se que o uso de Stimulate® pode ser uma
opgao vidvel para mitigar os efeitos fisiolégicos negativos do estresse hidrico em plantas jovens de Eucalyptus

urophylla, ajudando a manter parcialmente o crescimento das plantas sob condi¢des de limitacao hidrica.

Palavras-chave: Plantas lenhosas; Reguladores de crescimento vegetal; Seca; Estresse hidrico
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Introduction

Species from Eucalyptus genus produce a type of wood that is mainly used as raw material
for charcoal, pulp, paper, furniture and railway sleepers. In addition, eucalyptus plants also
produce essences and essential oils (VENTURIN et al., 2014).

In Brazil, Eucalyptus plantations are found mainly in regions with annual precipitation
above 1000 mm. However, due to the Brazilian climatic diversity, these plantations have expanded
to even dry regions, with annual rainfall below 1000 mm and unstable rainfall distribution
(VENTURIN et al., 2014). In the southwestern of Bahia state, where drought is recorrent,
several farmers have planted Eucalyptus urophylla, a tolerant species to water-limited conditions
(FERNANDES; CAIRO; NOVAES, 2015).

According to Whitehead and Beadle (2004), who have studied physiological aspects of
plant-soil-water relationship in Eucalyptus, the water consumption per biomass unity of this
specie is equivalent to the any other forest specie. The increasing demand for wood, however,
has led to the expansion of Eucalyptus cultivation to many regions with wide climatic diversity.
In countries where Eucalyptus species are introduced, it is necessary to evaluate the water
consumption and biomass productivity relationships, especially in water-limited regions
(ALBAUGH; DYE; KING, 2013). Thus, developing technologies to mitigate negative water deficit
effects on Eucalyptus growth and productivity after seedlings planting in the field has been a
constant demand to researchers.

Phytomass partitioning of eucalyptus can also be affected by water deficit promoting root
growth rather than shoot growth (BRUNNER et al., 2015), thus optimizing water uptake, while
concomitantly minimizing water loss from transpiration. The root-to-shoot increasing, in turn,
is influenced by the severity and lenght of the water stress (POORTER et al., 2012). Hormones
have been shown to play an important role in growth regulation and adjusting root-to-shoot
ratio to water availability (CLAEYS; INZE, 2013; TAIZ et al., 2017).

Stimulate® is a biostimulant composed of the following plant regulators: indole butiric
acid - IBA (0.005%), which becomes to indole acetic acid and promotes cell elongation; kinetin
(0.009%), a cell division promoting cytokinin; and gibberelic acid (0.005%), which participates in
several plant growth metabolic pathways. Stimulate® promotes root growth, increasing water
and nutrients uptake, besides to favor the plant hormonal balance (SANTOS, 2004). However,
relationship between Stimulate® effects on plant growth and its hability to mitigate water stress
is still poorly known.

This research was based on the hypothesis that Stimulate® spraying can be an alternate
way to mitigate negative effects of soil water-limiting on plant growth. Thus, a greenhouse
experimental work was performed with aim to evaluate physiological responses of young plants
of Eucalyptus urophylla sprayed with different Stimulate® concentrations and submitted to three
irrigation regimes (full, partial and no irrigation).

Materials and methods

The experiment was started in September 2014, in greenhouse at the State University of
Southwest Bahia, in Vitdria da Conquista, Brazil. Eucallyptus urophylla seedlings (clone AEC 144)
were produced in small tubes (54 cm®) containing the following substrate: bovine manure (40%),
vermiculite (40%) and coconut husk powder (20%) (OLIVEIRA JUNIOR; CAIRO; NOVAES, 2011).
Seedlings 100 days old, four pair of leaves, 30 cm height and 8 mm lap diameter were planted in
16 L pots (one plant pot™), containing yellow oxysol, sandy-clay texture and fertilization based on
soil chemical analysis and nutrient demand of Eucalyptus (RIBEIRO; GUIMARAES; ALVAREZ,
1999). The mean values of temperature and relative humidity within the greenhouse during the
experimental period were 25.2 °C and 78.3%, respectively.

Treatments were arranged in a 5x3 factorial (five Stimulate® concentrations and three
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irrigation regimes), with five replicates in a completely randomized design. The Stimulate®
concentrations were 0, 10, 20, 30, 40 mL L. The irrigation regimes were full (WR 100%), partial
(WR 50%) and no irrigation (WR 0%).

Stimulate® was sprayed only on shoots, at 8-9 h a.m., using a manual pressure sprayer,
with no plant oil added (DANTAS et al., 2012). Each plant was sprayed with 50 mL of Stimulate®
at 3th and 13th days after planting. A plastic film was used to cover each pot, just to avoid
possible deposition of residues of the Stimulate® sprayings on soil surface.

Irrigation regimes were implemented on the 10th day after planting, i.e. between the
first and the second Stimulate® spraying. Full irrigated regime was considered as soil at field
capacity, which was determined by the direct gravimetric method (EMBRAPA, 1997). Soil water
content was determined from the average water content of four 16 L pots filled only with soil (no
plants) fully watered, followed by natural drainage for 24 h. Soil moisture was maintained almost
on field capacity for 100% WR, and in half, for WR 50%.

On the 15th day after the establishment of the irrigation regimes, when the leaves of the
plants under WR 50% and 0% showed signs of wilting, the following variables were measured: leaf
water potential, relative water content, net photosynthesis, plant height and main root length.

A pressure bomb was used to measure leaf water potential SCHOLANDER et al., 1965)
in ripe leaves in the middle of the canopy, at 5 h a.m., when the leaf and soil water potentials are
usually considered to be similar (SAITO et al., 2003; COSTA E SILVA et al., 2004). These same
leaves were referred for relative water content measurements, following Weatherley (1950), which
described RWC = (fresh mass - dry mass) / (turgid mass - dry mass) x 100. Net photosynthesis
measurements were performed by an infrared gas analyser (IRGA LI-6400, LI-COR®, Nebraska/
USA), at 9-11 h a.m., in ripe leaves in the middle of the canopy. Firstly, plants were exposed to
artificial irradiance with 940 mmol fotons m? s, similar to that light saturation line used by
Silva et al. (1998) in Eucalyptus citriodora and Eucalyptus grandis, which ranged from 800 to 1.000
mmol fotons m? s (SILVA et al., 1998). A graded ruler was used to plant height and main root
length measurements. Main root was referred as only the one with the largest length.

Data were submitted to normality of residues and homogeneity of variances. Analysis of
regression were performed by SISVAR 5.0 program when differences among treatments were
found.

Results and discussion

Stimulate® concentrations (C), as an isolated factor, had a significant effect on the
variables, except in relation to the leaf water potential. Irrigation regimes (WR), in turn, also
significantly affected the variables, except in relation to net photosynthesis. The effects of
interaction (C) x (WR), however, led to significant differences for all variables evaluated (Table 1).

Concerning the (C) x (WR) interaction, Stimulate® concentrations led to no significant
differences on leaf water potential either in plants under WR 50% or under 100% (-0.59 and -0.46
MPa, respectively). Under non-irrigated conditions, however, leaf water potentials of sprayed
plants with Stimulate® were lower than that non-sprayed plants. Stimulate® 30 mL L led to
lowest leaf water potential (-0.69 MPa) under WR 0% (Figure 1).

Under non-irrigated regime, as well as under WR 50%, the relative water contents were
higher in plants sprayed with Stimulate®. Under non-irrigated regime, the highest relative water
content (58.34%) was reached in plants sprayed with Stimulate® 30 mL L™, while under WR 50%
this peak (65.9%) was reached with Stimulate 20 mL L™ (Figure 2). In these two water regimes,
relative water content in plants sprayed with Stimulate® was higher than that in non-sprayed
plants. This suggests that the fall intensity of plant relative water content under water-limited
conditions may be soften by Stimulate®.
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Table 1 - Analysis of variance and coefficient of variation (CV) from leaf water potential
(Yw), relative water content (RWC), net photosynthesis (A), plant height (H) and main
root lenght (R) data in young plants of Eucalyptus urophylla, clone AEC 144, sprayed with
different Stimulate® concentrations (C) and submitted to three irrigation regimes (WR).

Tabela 1 - Andlise de variancia e coeficiente de variacao (CV) do potencial hidrico foliar (¥w),
teor relativo de dgua (RWC), fotossintese liquida (A), altura de planta (H) e comprimento da
raiz principal em plantas jovens de Eucalyptus urophylla, clone AEC 144, pulverizadas com
Stimulate® em diferentes concentracdes (C) e submetidas a trés regimes de irrigacao (WR).

Degrees of Mean Squares
Sources of Variation
Freedom Yw RWC A H R
Stimulate® concentrations (C) 4 0.01Ns 176.08* 28.30* 23.53* 310.44*
Irrigation regimes (WR) 2 0.23** 242.05* 9.90Ns 30.62% 84.91*
(C) x (WR) interation 8 0.02** 95.65* 16.00* 15.39* 106.76*
Error 60 0.01 8.76 5.79 4.47 9.34
CV (%) 18.70 6.30 12.45 5.82 7.61

* F significant (p < 0.05); ¥ Non significant.
Figure 1 - Leaf water potential (¥w) in young plants of Eucalyptus urophylla, clone AEC 144,
sprayed with different Stimulate® concentrations, under non-irrigated regime (WR 0%). )

Figura 1 - Potencial hidrico foliar (¥w) em plantas jovens de Eucalyptus urophylla, clone AEC
144, tratadas com Stimulate® em diferentes concentracdes, sob regime nao irrigado (WR 0%).

Stimulate® concentrations ( mL L)
0 10 20 30 4()

-0,4 1 ] ] 1
=
=¥
Z
9% y =0.0002x? - 0.0089x - 0.5586
o -0,6 1 * R> = 0.9248
3
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Source: Santos, Cairo, Barbosa, Lacerda, Mafra Neto and Macedo (2019
Fonte: Santos, Cairo, Barbosa, Lacerda, Mafra Neto e Macedo (2019)
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Figure 2 - Relative water content (RWC) in young plants of Eucalyptus urophylla, clone
AEC 144, sprayed with different Stimulate® concentrations, under non-irrigated (WR 0%)
and WR 50% regimes.

Figura 2 - Teor relativo de dgua (RWC) em plantas jovens de Eucalyptus urophylla, clone AEC
144, pulverizadas com Stimulate® em diferentes concentragdes, sob regimes nao irrigado (WR
0%) e WR 50%.
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Source: Santos, Cairo, Barbosa, Lacerda, Mafra Neto and Macedo (2019)
Fonte: Santos, Cairo, Barbosa, Lacerda, Mafra Neto e Macedo (2019)

Relative water content partial maintenance, when it occurs along with decrease in
leaf water potential, is commonly referred as an efficient physiological response, because it is
related to cell turgor maintenance, providing greater plant tolerance to water stress (PRYOR,;
EAMUS, 1999; TAIZ et al., 2017). Metabolic performance, as well as shoot and root expansion,
can also be improved by maintaining cell turgor (CARVALHO, 2005). Even if the osmotic
adjustment fails to prevent a plant growth rate drop, it helps maintain physiological processes,
although at low rates (AROCA, 2012), thus preserving tissues integrity aiming at a rapid growth
rate recovery after water stress overcoming (PALLARDY, 2008). According to Sanches (2000),
the use of bio-stimulant, both before and during stress, can helps to mitigate harmful effects
of climatic adversities.

The interaction (C) x (WR) caused significant effects on net photosynthesis (Table 1) in
plants under WR 0% and 100%. In these irrigation regimes, the highest photosynthesis rates
were 21.13 and 21.20 pmol m™ s, in plants sprayed with Stimulate® 21.57 and 14.19 mL L
respectively. These photosynthesis rates were 21.54% and 9.71% higher than, respectively,
those of plants not sprayed with Stimulate® (Figure 3).

Some characteristics of the growth regulator mix should be considered for the
evaluation of photosynthesis in plants sprayed with Stimulate®. Indolbutyric acid (IBA), for
example, it has been reported to be influential on plant responses to drought by regulating
its photosynthetic apparatus and chloroplast structure (TOGNETTI; MUHLENBOCK; VAN
BREUSEGEM, 2011). Transgenic plants of tomato have shown an increased maximum electron
transport rate and photochemical quenching under dehydration conditions, indicating the
influence of auxin signaling on photosynthesis and plant morphology (EHLERT et al., 2008). Li
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and Xu (2014) investigated the effects of exogenous hormones on photosynthesis as well as the
stomatal conductance of ginseng (Panax ginseng) and reported that both exogenous cytokinin
and indole-3-acetic acid (IAA) enhanced stomatal conductance, net photosynthetic rate and
transpiration rate. Despite a significant number of studies on auxin signaling under abiotic
stress, the relationship between auxin biosynthesis and its influence on the photosynthetic
machinery under environmental stress remains unclear and warrants further research
(GURURANI; MOHANTA; BAE, 2015).

Figure 3 - Net photosynthesis (A) in young plants of Eucalyptus urophylla, clone AEC 144,
sprayed with different Stimulate® concentrations, under non-irrigated (WR 0%) and WR
100% regimes.

Figura 3 - Fotossintese liquida (A) em plantas jovens de Eucalyptus urophylla, clone AEC
144, pulverizadas com Stimulate® em diferentes concentragdes, sob regimes nio irrigado
(WR 0%) e WR 100%.
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Source: Santos, Cairo, Barbosa, Lacerda, Mafra Neto and Macedo (2019)
Fonte: Santos, Cairo, Barbosa, Lacerda, Mafra Neto e Macedo (2019)

The short-term application of gibberellic acid (GA,) in soybean and broad bean
plants resulted in increased net photosynthesis, increased stomatal conductance, improved
photosynthetic oxygen evolution, and increased carboxylation efficiency (YUAN; XU, 2001).
Improved photosynthesis in these plants was attributed to the increased activity and content
of Rubisco. In contrast, Dijkstra et al. (1990) investigated the relationship between relative
growth rate and endogenous GA, in two inbred lines of Plantago major plants producing
enhanced and reduced levels of GA,, and reported that although GA, treatment promoted the
vegetative growth, the chlorophyll a content and photosynthetic activity per unit leaf area
were reduced, indicating the possible involvement of some other regulatory factors.

The role for cytokinins in conferring abiotic stress tolerance in higher plants is
presumably via modulating the regulatory mechanism of photosynthetic processes (RIVERO;
SHULAEV; BLUMWALD, 2009; RIVERO et al., 2010). Cytokinin-treated maize plants
submitted to drought revealed that the electron-donating capacity of photosystem II and the

Ci. Fl., Santa Maria, v. 29, n. 3, p. 1072-1081, jul./set. 2019



Physiological responses of Eucalyptus urophylla young plants treated ... 1078

photosynthetic performance were increased while electron transport to the acceptor side of
photosystem Il was reduced with the application of cytokinins (SHAO; WANG; SHANGGUAN,
2009).

A deeper discussion on the auxin/GA /cytokinins and photosynthesis relationships
is unfortunately not simple, due to the still scarce knowledge on the role of hormones in
photosynthetic processes, especially in plants under water-limited conditions. A definite
conclusion still awaits further and more detailed researches, in order to have a better insight
of plant drought tolerance mechanisms in plants.

Compared with the height in non-sprayed plants, the increasing concentration of
Stimulate® in sprayed plants provided higher plant height both in WR 100% and WR 0%
irrigation regimes (Figure 4). The growth increasing provided by Stimulate® is an expected
response, given the known effects of hormones such as auxins, gibberellins and cytokinins
on plant growth (LI; XU, 2014; GURURANI; MOHANTA; BAE, 2015). On the other hand, the
effect on height in plants sprayed with Stimulate® under non-irrigated conditions (WR 0%) is
surprisingly positive, becoming an alternative way to mitigate negative effects of water deficit
on plant growth.

Figure 4 - Height of Eucalyptus urophylla young plants, clone AEC 144, sprayed with
different Stimulate® concentrations, under non-irrigated (WR 0%) and WR 100% regimes.

Figura 4 - Altura de plantas jovens de Eucalyptus urophylla, clone AEC 144, pulverizadas com
Stimulate® em diferentes concentracdes, sob regimes nao irrigado (WR 0%) e WR 100%.
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Source: Santos, Cairo, Barbosa, Lacerda, Mafra Neto and Macedo (2019)
Fonte: Santos, Cairo, Barbosa, Lacerda, Mafra Neto e Macedo (2019)

Referring to main root length, compared with non-sprayed plants, the increasing
concentration of Stimulate® in sprayed plants improved root expansion in both WR 50% and
WR 0% irrigation regimes. In non-irrigated plants, however, the positive effect of increasing
Stimulate® concentration on root growth occurred only up to 27.37 ml L' (estimated
concentration) (Figure 5).
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Figure 5 - Main root length in young plants of Eucalyptus urophylla, clone AEC 144, sprayed
with different Stimulate® concentrations, under non-irrigated (WR 0%) and WR 50%
regimes.

Figura 5 - Comprimento da raiz principal em plantas jovens de Eucalyptus urophylla, clone AEC
144, pulverizadas com Stimulate® em diferentes concentracdes, sob regimes nao irrigado (WR
0%) e WR 50%.
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Source: Santos, Cairo, Barbosa, Lacerda, Mafra Neto and Macedo (2019)
Fonte: Santos, Cairo, Barbosa, Lacerda, Mafra Neto e Macedo (2019)

Conclusion

Under water deficit, plants sprayed with increased Stimulate® concentrations up to 30
mL L7, compared with non-sprayed plants, decrease leaf water potential concomitantly with the
relative water content partial maintenance, suggesting ability for osmotic adjustment. Under
severe water deficit, net photosynthesis, plant height and main root length may be enhanced by
Stimulate® although despite some restrictions for concentrations above 20 mL L. These results
lead us to conclude that the use of Stimulate® can be a viable option to mitigate negative water
stress physiological effects in young plants of Eucalyptus urophylla, clone AEC 144, helping to
partially maintain plant growth under water-limited conditions.
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