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Abstract

This study aimed to evaluate the physiological response of Eucalyptus citriodora Hook seedlings subjected to
foliar application of potassium phosphite and water deficit with the aid of multivariate statistical analysis, using
MANOVA and canonical discriminant analysis. The experiment was conducted in a completely randomized
design with five treatments (0.0 L c.p. ha™ of potassium phosphite with irrigation; 0.0; 1.25; 2.50 and 5.00 L c.p.
ha of potassium phosphite without irrigation) and six replicates, in a greenhouse located in the municipality of
Cruz das Almas, Bahia, Brazil. Treatments with potassium phosphite were applied by foliar spray, using the
commercial product Reforce from Agrichem® (25.0% K,O + 35.0% P,Os p/v). Irrigation was suspended seven
days after application of the product. The correlation (0.6603) between the evaluated variables indicated that the
use of multivariate analysis techniques was adequate to analyze this data set. Eucalyptus plants of the control
treatment without irrigation responded to the water deficit conditions with inhibition of photosynthetic activity
and increase of free proline content in the leaves. On the other hand, plants which received foliar application of
potassium phosphite at highest concentrations (2.50 and 5.00 L c.p. ha™'), even under water deficit conditions,
preserved the photosynthetic activity and proline content in the leaves with values equal to those observed in the
irrigated control treatment. From this result it is possible to infer about the role of potassium phosphite as an
attenuating effect of the water deficit in Eucalyptus citriodora Hook.

Keywords: foliar fertilization, canonical discriminant analysis, Eucalyptus citriodora Hook, photosynthesis
1. Introduction

The expansion of forests planted with the genus Eucalyptus in Brazil results from a series of factors which favor
its large-scale planting, especially its fast growth, high yield and quality of wood, besides being a genus with
many species and varieties adapted to the various conditions of climate and soil. Due to these characteristics,
eucalyptus has consolidated itself in the Brazilian forestry sector and currently its plantations occupy 5.7 million
hectares of the area of planted trees in the country, and a large part is concentrated in the state of Bahia (IBA,
2017).

Various fertilizers with the potential to guarantee good adaptation of plants after planting under adverse biotic
and abiotic conditions have been studied and used in forest plantations. Among them, foliar fertilizers such as
potassium phosphite consisting a source of nutrients that permits to correct nutritional deficiencies, improves the
physiological activity of plants, while stimulating the creation of natural mechanisms of defense (N. M. Resende,
& A. Resende, 2005).
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Water restriction and the pressure for priority use of good-quality water have reached several regions of Brazil,
limiting agricultural and forestry development. Regarding the production of seedlings of forest species, it is
necessary to improve water use efficiency in the nurseries to maintain their quality. Thus, studies involving
irrigation and fertilization management are of fundamental importance and have been carried out to increase
production, ensuring the survival and initial growth of the seedlings.

Chlorophyll fluorescence parameters have been used to study photosynthesis and in the detection of damage to
the photosynthetic apparatus caused by stresses. For being a fast and non-destructive method of evaluation that
allows for qualitative and quantitative analysis of the absorption, conversion, transfer and dissipation of light
energy at photosystem II (PSII) level, fluorescence can be used as an efficient mechanism for photosynthetic
measurements (Martinazzo, Silva, Bianchi, & Bacarin, 2012).

Given the quantity of fluorescence parameters involved in the photosynthetic process, it is necessary to use
statistical techniques that allow the selection of the most important ones in the discrimination of treatments.
Among the techniques of exploratory data analysis, the multivariate aim to relate groups of treatments with
multiple variables simultaneously, allowing for the reduction in the number of variables capable of explaining
the biological phenomenon. In addition, it is able to detect similarities or associations and trend of correlation
between variables, as well as identifying the most relevant ones, capable of discriminating groups of treatments
(Malaquias et al., 2017).

Different approaches in the field of multivariate analysis permit joint analysis of variables. Multivariate analysis
of variance (MANOVA) allows the comparison of means of several independent variables in relation to the
groups of treatments, permitting to test the hypothesis that the treatments differ from one another with respect to
the multiple variables evaluated (Roy et al., 2009). Already a canonical discriminant analysis (CDA) is a
technique that identifies a combination of variables that maximize the Euclidean distance between groups of
treatments, minimizing the distance between the experimental units of a specific group of treatments (Stewart,
Ivy, & Anslyn, 2013).

Thus, this study aimed to assess the physiological response of Eucalyptus citriodora Hook seedlings subjected to
foliar application of potassium phosphite and to water deficit with the aid of multivariate statistical analysis,
applying the techniques of multivariate analysis of variance and canonical discriminant analysis.

2. Material and Methods
2.1 Experimental Location and Design

The experiment was conducted from April to June 2017, in a greenhouse at the Experimental Area of the
Graduate Program in Agricultural Engineering of the Federal University of Reconcavo of Bahia, located in the
municipality of Cruz das Almas (BA), Brazil, at geographic coordinates 12°40'12" S, 39°6'7" W and altitude of
220 m. The climate of the region, according to the classification of D’Angiolella, Castro Neto, and Coelho
(2000), is defined as humid to sub-humid, with mean annual rainfall of 1,143 mm.

The experimental design used was completely randomized, with five treatments (0.0 L c.p. ha” of potassium
phosphite with irrigation—control with irrigation; 0.0 L c.p. ha' of potassium phosphite without
irrigation—control without irrigation; 1.25 L c.p. ha™ of potassium phosphite without irrigation; 2.50 L ¢.p. ha™
of potassium phosphite without irrigation and 5.00 L c.p. ha™' of potassium phosphite without irrigation) and six
replicates, totaling 30 experimental plots. Each experimental plot consisted of one Eucalyptus citriodora Hook
seedling at the stage of 3 to 4 pairs of leaves, which was transplanted to plastic pot filled with 8§ dm? of soil.

The soil used was a cohesive Yellow Latosol with moderate A horizon, with the following chemical
characteristics: pH (water), = 5; OM (%) = 1.65; SB and CEC (cmolc dm™) = 1.54 and 4.79, respectively; and
physical characteristics: 776 g kg of total sand, 181 g kg™ of clay and 43 g kg™ of silt, corrected with the
addition of limestone and fertilizers containing nitrogen, phosphorus and potassium at amounts determined
according to the chemical analysis of soil fertility.

After transplanting, the seedlings were kept in greenhouse and regularly irrigated using a water can, at 2-day
intervals, maintaining the soil at field capacity.

2.2 Conduction and Application of Treatments

Ten days after transplanting, potassium phosphite was applied by foliar spray covering all the shoots, using a
handheld CO,-pressurized sprayer operating at constant pressure (3.0 kgf cm™) and maintained at 0.3 m distance
from the plants. Each treatment received 50 mL of solution with the specific dose of the commercial product
Reforce from Agrichem® (25.0% K,0 + 35.0% P,Os p/v).
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Irrigation was suspended seven days after application of potassium phosphite. Only in the control with irrigation,
plants were irrigated with the volume of water lost by transpiration, determined by the difference between the
weight of the pot on the specific day and its initial weight (first day when water deficit was applied). The pots
were covered by a plastic bag to avoid water loss by evaporation from the soil and ensure that water
consumption was only due to transpiration of the plants.

2.3 Evaluated Variables

On the tenth day after imposing water deficit, plants in the control treatment without irrigation exhibited
characteristics associated with water stress (wilted leaves), and then chlorophyll a fluorescence was measured in
all treatments.

Fluorescence measurements were taken using the portable modulated fluorometer OS5p (Opti-Sciences, Hudson,
USA), in the intermediate region of the stem and in the middle region of the leaves, at 9:00 a.m. The potential
quantum yield of photosystem II (PSII) was calculated after 30 min of dark adaptation as F,/F,, = (Fy, — Fo)/Fy,
where F, is the minimum or initial fluorescence, excited by a modulated red light of low intensity (0.03 pmol m™
s and F,,, is the maximum fluorescence obtained by the application of a 0.8-s pulse of saturating actinic light (>
6000 pmol m™ s™). The yields of the competitive pathways of de-excitation of the energy absorbed in PSII:
effective quantum yield, Yy; quantum yield of regulated dissipation, Ynpg; quantum yield of non-regulated
dissipation, Yno; were determined according to Kramer, Johnson, Kiirats, and Edwards (2004) and Klughammer
& Schreiber (2008). Yy was used to estimate the apparent electron transport rate (ETR) according to the equation:
ETR =Yy x PFD x 0.5 x 0.84 (Bilger, Schreiber, & Bock, 1995), where PFD is the photon flux density (pmol
m~ s™") striking the leaf, 0.5 is the value corresponding to the fraction of the excitation energy distributed to PSII,
and 0.84 is the value corresponding to the fraction of incident light which is absorbed by the leaves.

After readings of fluorescence, the first pair of fully expanded leaves was collected to analyze the content of free
proline. The samples were frozen, lyophilized, ground and stored in ultra-freezer (-80 °C) for subsequent
determination. Free proline content in the leaves was quantified by spectrophotometry at 520 nm, using
ninhydrin as a specific reagent and pure proline as the standard (Bates, Waldren, & Teare, 1973).

2.4 Statistical Analysis

The obtained data were subjected to multivariate statistical analysis, applying MANOVA to identify significant
effects of the application of different concentrations of potassium phosphite on E. citriodora Hook plants
subjected to water deficit. Canonical discriminant analysis was performed to determine the contribution of each
variable in the discrimination of groups of treatments. In addition, the analysis of phenotypic correlation network
was performed to investigate the correlation between variables. Statistical analyses were carried out using
algorithms available in the software R 3.4.2 (R Development Core Team, 2017).

3. Results and Discussion

The results of the multivariate analysis of variance (MANOVA) with the values of Roy’s largest root multivariate
test =1.9073 (F = 5.0068; p = 0.0014 < 0.05) showed significant difference between the means of the treatments,
revealing dissimilarity between E. citriodora Hook plants for the variables evaluated. The MANOVA analysis
model considered a vector of means of the eight variables, as a function of the treatments. In order to study and
identify which combination(s) of variables is(are) responsible for the discrimination of the plants, we performed
a canonical discriminant analysis (CDA), which allows better interpretation and discussion of the results.

CDA allows the extraction of new variables, not correlated with each other, from the set of original parameters
that are able to maximize the separation between the groups of treatments (Sorbolini et al., 2016). The number of
functions generated is T — 1, and T is the number of groups of treatment in the study. Thus, the four canonical
discriminant functions (CDF) were produced. It can be observed that the four functions explain 100% of the data
variability, but for a better understanding, two discriminant functions which correspond to 89.98% of variability
were used, that is, 72.91% in the first function (CDF,) and 17.07% in the second function (CDF,) (Table 1).

CDF, showed canonical correlation of 0.6603, which indicates high association between the variables, whereas
CDF, showed a correlation of 0.3128. CDF, is always the most important, because it explains greater data
variation and correlation of variables. Other researchers observed that, for reliability and satisfactory
interpretation of the results, the first two canonical variables need to comprise variation above 80% of the total
contained in the set of parameters analyzed (Cruz, Siqueira, & Salomao, 2012).
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Table 1. Canonical discriminant analysis for the treatments with different concentrations of potassium phosphite
in E. citriodora Hook plants subjected to water deficit

Canonical discriminant function (CDF) DF F Approximation  Eigenvalue Percentage (%) Accumulated (%) p-value

CDF, 0.6603 32 1.2482 1.9439 7291 7291 0.2198
CDF, 0.3128 21 0.6379 0.4552 17.07 89.98 0.8714
CDF; 0.1448 12 0.4431 0.1694 6.35 96.33 0.9352
CDF4 0.0889 5 0.4101 0.0976 3.67 100.00 0.8364

Canonical discriminant functions can be expressed in equations (Equations 1 and 2), which are linear
combinations of the original variables, and each discriminant function can be used to calculate the set of n
discriminant scores for each function (Matthew, Lawoko, Korte, & Smith, 1994).

Z,=048F)+1.69F, +1.67F/F,+2.03Y;—1.71 Yno—1.14 Ynpg +2.75 ETR - 2.75 PROL €))
Z,=-3.01 Fy—132F, +1.93 F/F,, +2.68 Y;—1.49 Yyo — 1.914 Yxpo — 0.04 ETR +2.12 PROL )

According to Z; (Equation 1), the variables that most contributed to the discrimination of groups of treatments
were the apparent electron transport rate (ETR), with a positive score of 2.75; the effective quantum yield of PSII
(Yn), with a positive score of 2.03, in contrast to the free proline content in the leaves (PROL), with a negative
score of -2.75. As the first function is the most important, it can be affirmed that these variables are the most
relevant in the separation of groups of treatments. In Z, (Equation 2), the most important variables were
minimum fluorescence (Fy), with a negative score of -3.01, in contrast to Yy, with a positive score of 2.68, and
PROL with a positive score of 2.12. Studies have shown that water stress can cause deleterious effects on the
chloroplasts, interfering in photosynthetic efficiency by the inactivation of photosystem II (P680 or PSII) and
electron transport chain (Costa, Bressan-Smith, Oliveira, & Campostrini, 2003). Moreover, the stress caused by
lack of water also interferes with the cell metabolism, favoring the synthesis and accumulation of sugars, amines
and amino acids, such as proline (Campos et al., 2011). Thus, the variables observed in Equations 1 and 2 as the
most relevant for the separation of groups of treatment are consistent with the literature reports for the
differentiation between plants that are sensitive and tolerant to water stress.

In the first canonical discriminant function, the most important treatments were the irrigated control treatment
and the treatment in which plants were maintained without irrigation after the application of 5.00 L ¢c.p. ha™ of
potassium phosphite, since they had the highest positive means (1.1806 and 1.0487, respectively), in contrast to
the treatment in which plants were maintained without application of potassium phosphite and under water
deficit (Control + Wol), with a negative mean of -2.1827. The treatment in which plants were subjected to water
deficit after the application of 1.25 L c.p. ha™" of potassium phosphite was the one which most contributed to the
second canonical discriminant function, with a mean value of 1.0349 (Table 2).

Table 2. Means of the treatments studied in E. citriodora Hook plants in the first and second canonical
discriminant functions

Treatments Canonical discriminant 1 Canonical discriminant 2
Control + WI 1.1806 0.0066

Control + Wol -2.1827 -0.5331

1.25 L ha' PP+ Wol -0.5316 1.0349

2.50 L ha' PP+ Wol 0.4851 0.1559

5.00 L ha PP+ Wol 1.0487 -0.6644

Note. WI: with irrigation; Wol: Without irrigation; PP: potassium phosphite.

The results obtained from the first canonical discriminant show that the plants of treatments with application of
5.00 L c.p. ha' of potassium phosphite, even under water deficit conditions, maintained a photosynthetic
performance similar to that of plants in the control treatment with irrigation, in contrast to those of the control
treatment without irrigation. Evidence suggests that potassium phosphite application improves the nutritional
status of plants and increases their resistance due to greater water retention (Silveira & Malavolta, 2000). Studies
have evaluated the response of Fucalyptus species cultivated under water deficit and potassium phosphite
application, showing positive effects on plant resistance to this unfavorable condition. In the experiment
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conducted by Gongalves, Sousa, and Velini (2015) with application of potassium phosphite in seedlings of E.
grandis vs. E. urophylla subjected to water deficit, these authors found that the application of this product was
important for the reduction of water loss by plants and attenuation of the effects of water stress.

According to the boxplot of the first canonical discriminant function, plants of the control treatment without
irrigation were discriminated from those of the other treatments, being directly influenced by the increase of free
proline content in the leaves (PROL) and of the variables of quantum yield of regulated dissipation (Ynpg) and
non-regulated dissipation (Yno) in PSII (Figure 1).

The plants of the control treatment without irrigation exhibited a behavior similar to that observed in other crops
subjected to water deficit with respect to free proline accumulation in the leaf tissue (Castro et al., 2007;
Alvarenga, 2011). According to Tully, Hanson, and Nelsen (1979), increments in proline content seem to be due
to the internal water status of the leaves, because those that most rapidly exhibit symptoms of desiccation are the
fastest ones to synthesize and accumulate proline.
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Figure 1. Boxplot graph with the canonical discriminant function 1 for the treatments (T1: control with irrigation;
T2: control without irrigation; T3: 1.25 L ha™ of potassium phosphite without irrigation; T4: 2.50 L ha™ of
potassium phosphite without irrigation; T5: 5.00 L ha™" of potassium phosphite without irrigation) and
parameters evaluated in E. citriodora Hook plants. F: minimal fluorescence; F,,: maximum fluorescence; F,/F:
potential quantum yield of PSII; Yy;: effective quantum yield of PSII; Ynpg: quantum yield of regulated
dissipation; Yno: quantum yield of non-regulated dissipation; ETR: apparent electron transport rate; PROL: free
proline content in the leaves

In relation to PSII, studies have shown that it can be inhibited in plants subjected to water stress, resulting in
damage to the photosynthetic apparatus, with consequent reduction of the effective quantum yield of PSII (Yy)
and increase of Yyo. Yy corresponds to the fraction of energy that is photochemically converted in the PSII, i.e.,
it indicates the proportion of light that was absorbed by the chlorophyll associated with PSII used in
photochemical activity, being an indicator of photosynthesis (Baker & Rosenqvst, 2004). The remaining fraction
(1-Yy) constitutes the total quantum yield of all processes of loss, divided into two distinct parameters, Yyo,
which reflects the fraction of energy that is passively dissipated in the form of heat and fluorescence, and Ynpq,
which consists in the photoprotection induced by light through the thermal dissipation of energy (Klugarmmer &
Schreiber, 2008).

When Yy values are close to zero at high quantum flux densities, high values of Ynpo indicate a high
photoprotection capacity, whereas high Yo values reflect the inability of a plant to protect itself against damage
by excessive illumination. In plants of the control treatment without irrigation, there was a reduction of Yy
values in comparison to the plants of the other treatments, with consequent increase in Ynpq and Yo (Figure 1),
probably caused by the stress due to lack of water. This indicates that, despite the increase in photoprotection
induction (Ynpg), there was also an increase in Yyo, which reveals the inability of these plants to protect
themselves from the damage caused by excess light.
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Plants of the control treatment with irrigation and plants of the treatments with foliar application of the highest
concentrations of potassium phosphite (2.50 and 5.00 L c.p. ha™) prior to the period of water deficit were not
separated by the canonical discriminant function 1, showing the highest values for the variables ETR, Yy,
potential quantum yield of PSII (F,/F,,) and maximum fluorescence (F,,), in contrast with the variables PROL,
Yo and Ynpg, which showed reduced values in these treatments (Figure 1).

Despite the water deficit, plants treated with foliar application of 2.50 and 5.00 L c.p. ha™' of potassium phosphite
did not undergo reduction of ETR in relation to those in the irrigated control treatment (Figure 1), which
suggests that the stress caused did not inhibit the transport of electrons in PSII. As previously discussed, there are
reports in the literature claiming that various environmental stresses, including water stress, can compromise the
events in the thylakoids, causing deleterious effects on chloroplasts and interfering with photosynthesis
efficiency. According to Kaiser (1987), under water deficit conditions, part of the inhibition of photosynthesis
can be attributed to non-stomatal factors at chloroplast level, mainly caused by problems in electron transport.

The results found corroborate those obtained by Zucareli, Ono, and Krohn (2014) in non-irrigated passion fruit
plants, in which they observed a marked reduction of ETR, showing that water stress affected electron transport
and, consequently, photosynthesis in these plants.

Plants of the control treatment without irrigation exhibited a reduction in the potential quantum yield of PSII
(F\/F) (Figure 1), which may have been caused by the stress condition due to water deficit. The F,/F,, ratio is an
estimation of the maximum potential quantum efficiency of the photochemical activity of PSII, when all PSII
reaction centers are open. This ratio has been widely used to diagnose disturbances in the photosynthetic
apparatus caused by environmental and biotic stresses, including water stress, since the reduction of its values
indicates damage to PSII reaction centers, related to the reduction of intercellular CO, concentration, caused by
stomatal closure.

Plants treated with foliar application of potassium phosphite at the highest concentrations (2.5 and 5.0 L c.p. ha™),
despite the water deficit, were able to maintain the F,/F,, ratio at values similar to those observed in plants of the
irrigated control treatment, indicating the resistance of photochemical activity in the primary reactions of
photosynthesis even under stress conditions, which probably results from the attenuating effect of the application
of potassium phosphite at these doses (Figure 1). In general, the F,/F,, values observed in the plants, irrigated or
under water deficit, remained within the range from 0.75 to 0.85 suggested by Bolhar-Nordenkampf et al. (1989)
as the range in which the photosynthetic apparatus of the plant is intact. Cruz et al. (2009) observed lower value
of F,/Fy, ratio (0.32) in citrus cultivars subjected to water stress, which recovered with subsequent irrigation.
Low F,/F,, values can be associated with stress intensity and duration, in addition to the characteristics related to
plant genotype.

Figure 2 shows the canonical biplot of the variables evaluated in E. citriodora Hook plants, considering the
groups of treatments. The canonical biplot is projected by the discrimination of the groups of treatments, in order
to study the main variables responsible for their differentiation (Gonzalez-Martin et al., 2016). The CDA
approach is quite straightforward, based on the simple visual analysis of the plane with the projection of the two
canonical discriminant functions (Sorbolini et al., 2016).
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Figure 2. Canonical discriminant biplot for the correlation between treatments with potassium phosphite
concentrations (T1: control with irrigation; T2: control without irrigation; T3: 1.25 L ¢.p. ha of potassium
phosphite without irrigation; T4: 2.50 L c.p. ha™ of potassium phosphite without irrigation; T5: 2.50 L c.p. ha™
of potassium phosphite without irrigation) and chlorophyll a fluorescence parameters (Fy: minimum fluorescence;
Fp: maximum fluorescence; F,/F,: potential quantum yield of PSII; Yy;: effective quantum yield of PSII; Yxpo:
quantum yield of regulated dissipation; Yyo: quantum yield of non-regulated dissipation; ETR: apparent electron
transport rate) and free proline content in the leaves (PROL) of E. citriodora Hook plants

This study has five treatments and eight variables evaluated, and the first discriminant function was the one that
best differentiated the groups of treatments applied in E. citriodora Hook plants. The axis of the first cancnical
discriminant function (Can 1) proved to be significantly the most important in the ordering of the effect of the
different concentrations of potassium phosphite in eucalyptus plants subjected to water deficit, on the variables
studied. On this axis it is possible to observe that the application of potassium phosphite in the plants affects
more Yy and ETR, with the highest positive scores, and PROL, with the highest negative score (Figure 2).

The canonical discriminant function (Can 1) discriminated plants of the control treatment without irrigation in
relation to the other treatments. The confidence ellipses allow for a clear differentiation between the groups.
However, plants that received foliar application of potassium phosphite at the highest concentrations (2.50 and
5.00 L c.p. ha) were in the same group of plants of the irrigated control treatment. The variables which
influenced the separation of the control treatment without irrigation from the others were PROL, Yno, Ynpo and
ETR. It can be observed that in this treatment plants showed the highest values of free proline content in the
leaves and quantum yields of regulated and non-regulated dissipation (Ynpo and Yno), in detriment of the
apparent electron transport rate (ETR) (Figure 2). These results are consistent with those reported in the literature,
according to which the stress due to water deficit can cause physiological and biochemical alterations in plants,
including the reduction of quantum yield of PSII (Silva, Jifon, Silva, & Sharma, 2007) and photosynthetic rate,
besides osmotic adjustment, with increments in the synthesis and accumulation of proline (Campos et al., 2011).

On the other hand, there was no discrimination between the irrigated control treatment and the treatments in
which plants were subjected to the highest concentrations of potassium phosphite (2.50 and 5.00 L c.p. ha™)
under water deficit by the discriminant functions Can 1 and Can 2. The variables ETR, F,, F./F,, and Yy
influenced with high positive values and PROL with low values these three groups of treatments in relation to
the others (Figure 2), showing that, despite the water stress, the plants maintained full photosynthetic activity and
reduction of free proline content in the leaves. These results confirm the effectiveness of potassium phosphite
application at the highest concentrations to attenuate the deleterious effects caused by water stress on E.
citriodora Hook plants.

Through the second canonical function (Can 2), plants of the treatment with application of 1.25 L c.p. ha™' of
potassium phosphite under water deficit were separated from those of the control treatment with irrigation,
control treatment without irrigation and the treatment with application of 5.00 L c.p. ha™ of potassium phosphite
under water deficit, and the variables responsible for the discrimination were PROL, Yy and F,/F,, with high
positive values in this treatment, in contrast with the variables Fy, Ynpq and Yno. Therefore, plants of the
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treatment with application of 1.25 L c.p. ha™' of potassium phosphite under water deficit showed low values for
these variables (Figure 2), indicating that the applied concentration of potassium phosphite (1.25 L c.p. ha™') may
not have been sufficient to attenuate the effects of water deficit on these plants.

The phenotypic correlation network provides the intercorrelations between the variables, ranging from -1 to 1.
When the coefficient is close to 1, it means that there is a high positive correlation between two variables, i.e.,
one variable tends to increase when the other increases. Values close to zero indicate a weak correlation, whereas
values close to -1 indicate that the variables have a high negative correlation, causing reduction in one variable
with the increase in the other. Thus, it can be concluded that there is evidence of correlation between the
variables, indicating that the use of multivariate analysis techniques is appropriate for this study.

In the phenotypic correlation network, the relative density and color of the bands indicate the strength of the
Pearson correlation; green color indicates a positive correlation and red color indicates a negative correlation.
The phenotypic correlation between the variables evaluated showed that the significantly and positively
correlated variables (P < 0.0001) were Y; and ETR (r = 0.66; p = 0.0001), F, and F,/F, (r = 0.48; p = 0.0075),
Fy and F,, (r = 0.47; p = 0.0087), whereas the variables Y;; and Ynpq (r = -0.84; p = 0.0001), Ynpq and ETR (r =
-0.52; p = 0.0034) and F, and F,/F, (r = -0.49; p = 0.0397) were negatively correlated (Figure 3). These results
indicate that the effective quantum yield of PSII (Y};) increases with the increase of electron transport rate. Yy
indicates the fraction of energy absorbed by the chlorophyll associated with PSII that was used in photochemical
activity and, as such, informs the quantity of electrons transported, being an indicator of photosynthesis
(Lichtenthaler, Buschmann, & Knapp, 2005). In plants of the control treatment without irrigation, Yy decreased
on average by 25% when compared to the control treatment with irrigation, whereas in treatments with foliar
application of potassium phosphite, the maximum reduction of Y, was approximately 12%. Conversely, the
reduction in Yy caused an increase in the quantum yield of regulated dissipation (Ynpg). According to
Klughammer & Schreiber (2008), reductions in Yy, values induce the increase of Yyo and Ynpg, and the increase
in Yxpq is an indication of a high photoprotection capacity.

Figure 3. Phenotypic correlation network of E. citriodora Hook plants subjected to application of different
concentrations of potassium phosphite and to water deficit. Red and green lines represent negative and positive
correlations, respectively. Line width is proportional to the strength of the correlation. Parameters evaluated in

plants: minimum fluorescence (F,), maximum fluorescence (F,,), potential quantum yield of PSII (F,/F,),

effective quantum yield (Yy;); quantum yield of regulated dissipation (Ynpg), quantum yield of non-regulated
dissipation (Yno) and free proline content in the leaves

4. Conclusions

>  There is evidence of correlation between the variables evaluated, indicating that the use of multivariate
analysis techniques was adequate for the analysis of this data set;

»  E. citriodora Hook plants of the control treatment without irrigation responded to the water deficit
conditions with inhibition of the potential and effective quantum yields of photosystem II and electron transport
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chain, and increase of PSII quantum yields of regulated and non-regulated dissipation and free proline content in
the leaves;

>  Plants which received foliar application of potassium phosphite at the highest concentrations, even under
water deficit, preserved the photosynthetic activity and free proline content in the leaves with values equal to
those observed in the irrigated control treatment;

>  Plants of the control treatment without irrigation showed a reduction in the potential quantum yield of PSII,
but its value of 0.81 remained within the range suggested as that in which the photosynthetic apparatus of the
plant is intact.
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