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Abstract: The physiological process of guava fruit ripening is difficult to manage in orchards. Boron
(B) is a nutritional element with a physiological effect on fruit ripening through its role in ascorbate
metabolism. This study evaluated the effects of single boron pre-harvest spraying on fruit ripening
and post-harvest. The treatments consisted of B-monoethanolamine (MEA) sprays (11% B) at
concentrations of 0 (control), 1, 2, and 3ml L. Foliar sprays were applied on guava trees cv. Cortibel
RG, at the physiological stage Biologische Bundesanstalt, Bundessortenamt, und Chemische
Industrie (BBCH) 78 (fruits at 80% of final growth). The study used a randomized block design with
five replicates. Fruits were harvested 5, 8, 15, and 17 days after B-MEA spraying. The nutritional
content was assessed in the leaves and fruits. The fruits were analyzed for ascorbic acid content (AA),
total sugars, reducing and non-reducing sugars, titratable acidity, soluble solids, ripeness index, total
phenolic compounds, total carotenoids and total anthocyanins. Moreover, the fruit weight, length
and diameter were measured and yield were assessed. Fruit firmness and mass loss were evaluated
post-harvest. The data showed an increase in ascorbic acid content in the fruit in all treatments with
B-MEA sprays. Spraying B-MEA 3 ml L', or 180.84 g ha'', increased the earliness and standardization
of ripening, which took place over a shorter period of time, maintaining firmness and reducing post-
harvest fruit mass loss.

Keywords: ascorbic acid; bioactive compounds; foliar spray; fruit maturation; nutritional content; Psidium guajava, L.
Abbreviations: AA_ ascorbic acid; ACC_ 1-aminocyclopropane 1-carboxylic acid; B_ boron; BBCH_ Biologische Bundesanstalt_
Bundessortenamt_ und Chemische Industrie; DAH_ days after harvest; DAS_ days after spraying; DCFI_ 2_6-
dichlorophenolindolephenol-sodium; Fe_ iron; FD_ fruit diameter; FL_ fruit length; MEA_ monoethanolamine; Mn_ manganese;
NaOH_ sodium hydroxide; RI_ ripening index; ROS_ reactive oxygen species; SS_ soluble solids; TA_ titratable acidity

Introduction

In the management of guava orchards, there is no direct fruit, it shows respiratory peaks with an increase in ethylene
association between nutritional elements and effects on fruit production, which contributes to its perishability. These
ripening. Furthermore, no management practices currently physiological reactions accelerate the ripening process of
exist to control the concentration, acceleration, or guavas and, consequently, there is a reduction in post-
deceleration of the fruit ripening, nor to improve post- harvest shelf life with losses of around 15 to 22% and a
harvest-related variables such as shelf life. Guava is limitation in the marketing of the fruit (Hiwasa-Tanase;
considered as a “super fruit” (Chang et al., 2018) due to its Ezura, 2014; Dhara et al., 2017; Singh et al. 2017; Azam et al,,
high nutritional value and antioxidant compounds, such as 2021).

ascorbic acid, phenolic components, carotenoids, and Harvesting guava is an expensive procedure, owing to labor
lycopene (Ribeiro et al., 2020; Yousaf et al, 2021). and to the number of procedures necessary to collect the fruit
Guava orchards have a prolonged harvest period, highly at the ideal maturity stage for commercialization (Cavalini et
perishable fruit production and, different flowering flushes, al., 2015). Harvesting accounts for up to 83% of labor costs
depending on the type of pruning adopted by the growers. (Garcia et al., 2018).

Guava has a high moisture content and thin skin, being Fruit ripening can be considered an oxidative process that
characterized as a climacteric fruit, depending on the cultivar involves enzymatic changes and alterations in antioxidant
(Azam et al., 2021; Yousaf et al., 2021). levels, the latter playing an important role in fruit ripening
Cortibel RG guava trees originated from seeds of an by promoting a balance in oxidative mechanisms, removing
unidentified cultivar, possibly of Australian origin (Flori, reactive oxygen species (ROS) (Jimenez et al., 2002), which
2016). The trees are vigorous and produce medium to large cause damage to the plant. The authors report that AA, being
fruit with a rounded shape, rough skin, red pulp, and sweet a powerful antioxidant, actively participates in these
flavor. Hence, the fruit is suitable for fresh market due to its processes.

good post-harvest conservation. The Cortibel RG cultivar is As an enzyme cofactor, AA is essential for the synthesis of
considered as a fruit with climacteric ripeness, which has not compounds that are important for fruit development and
yet been studied (Mendonga et al., 2007). As a climacteric ripening, such as ethylene, gibberellic acid and flavonoids
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Figure 1. Maximum and minimum temperatures in Valinhos, Sao Paulo, Brazil, in June 2022. Data provided by the National
Institute of Meteorology (INMET), collected by the automatic station; identified as V0516.

such as anthocyanins. Ascorbate is a cofactor for the enzyme
ACC (1-carboxylic acid-1-aminocyclopropane) oxidase,
which catalyses the last stage of ethylene biosynthesis in
plants (Baldet et al., 2014).

B participates in many fundamental quality and
standardization stages that influences fruit quality
(Baranwal et al., 2017; Wei et al., 2018). It plays an important
role in the synthesis of AA, and its deficiency changes
metabolic and phenol oxidation processes, including AA
levels in the plant. There is evidence of the association of B
with ascorbate metabolism (Wei et al., 2018). The authors
highlighted that B help increased ascorbate levels due to its
effect on plasma membrane transport reactions, since B
stimulates the ascorbate oxidoreductase enzyme. This
enzyme catalyzes electron transfer to ascorbate. Thus, B
deficiency in the plant would inhibit this process, thus
reducing ascorbate levels.

The application of boron-monoethanolamine (MEA) has
emerged as a promising technique, considering the
hypothesis of better absorption efficiency by the tree.
Ethanolamine or monoethanolamine is a molecule made up
of an amine and a primary alcohol; therefore, when B
combines with this organic chemical compound, it would be
better absorbed by the leaves, since this molecule has the
ability to solubilize the components of the cuticle (Singh et
al., 2017).

Fruit ripening is an oxidative process that involves enzymatic
changes and antioxidant levels that affect maturation by
removing reactive oxygen species (ROS) that damage the
plant. AA is an antioxidant that actively participates in these
processes (Deng et al., 2022). Therefore, this study evaluated
the effects of B as a guava fruit ripener. The obtained results
provide reference for further B spraying evaluations to
optimize cropping management in orchards. Moreover, they
present a nutritional option for inducing the ripening process
in guava fruit.

Results

Leaf and fruit nutritional contents

Nutritional content showed no variation in guava leaves,
with the exception of iron (Fe) and manganese (Mn) (Table
1). Both positive and negative correlations were recorded for
the interaction between B and Mn. Depending on the citrus
cultivar studied, there was a linear increase in Mn content as
the dose of B increased up to a certain limit, which, when
exceeded, inverted the absorption curve (Papardakis et al.,
2003). Reduced Fe content and increased Mn content in
treatments with the highest B dosages (T3 and T4) could be
explained by the Fe-Mn interaction, because there is
competition for the absorption site of these two bivalent
cations (Malavolta, 2006).
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Macro and micronutrient analyses at 15 DAS showed no
statistically significant difference between treatments (Table
2).

Yield performance and harvest flushing

There was no statistical difference between treatments for
number of fruits, mean fruit weight, and yield. The average
number and weight of fruits per tree, regardless of treatment,
were 800 fruits weighing 135-140g. The average yield was
23.0 tons per hectare and is in line with the yields obtained
for the Cortibel RG cultivar in commercial orchards
(Mendonca et al., 2007).

The harvest took place over a total period of 12 days, in June
2022. This period was characterized by broad temperature
variations and oscillation between typical winter cold fronts.
After B spraying, there was a rapid increase in temperature,
which accelerated the maturation process in all treatments
evaluated (Figure 1). The trial would have to be evaluated on
more than one harvest season in order to minimize the
effects of annual climate change.

The assessment of the harvesting flushing identified that the
harvest was concentrated at 17 DAS for fruits sprayed with
3ml 7 of B-MEA (T4), suggesting a possible effect of the
treatment on peel color changes, an indicator used in the
field to identify the fruit to be harvested. This result showed
the effect of B-monoethanolamine at the highest
concentration evaluated, which allowed the harvest to be
carried out earlier and in a shorter time interval (Figure 3).

Chemical quality of fruits

Variables related to the chemical analysis of the fruit were
analyzed for their significant effects, and it was also
proposed that they be classified into three metabolic stages
(Figure 4). Thus, there was a significant effect at five DAS for
AA and RI levels, which explained the results of the first
metabolic stage. There were increasing and proportional
gains according to B concentrations applied in each
treatment, with T4 (3 ml L"), presenting the highest AA and
RI contents (Figure 5). In the first metabolic stage, AA levels
differed between treatments in the following order: T4 > T3
> T2 > T1 (Figure 5).

In the present study, at five DAS, the mean AA levels were
different between treatments. However, this was not
observed at 15 DAS, indicating the change to a second
metabolic stage in the fruit ripening process.

The results of the second metabolic stage were obtained at
15 DAS, showing significant differences for the variables TA,
SS, RI, reducing and non-reducing sugars, total phenolic
compounds, and total carotenoids (Figures 6 and 7). The
results demonstrated a different maturation process between
treatments. There was an indication of maturation process
acceleration in T4 (3 ml L7), showing that T1 (control),
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Figure 2. Schematic representation of fruit sampling and analysis at different harvest and spraying stages. DAS, days after

spraying, DAH, days after harvest.

Table 1. Nutrient content of Cortibel RG guava leaves, five days after spraying.

Nit
E DE [;Egﬁn Phosphor  Potassium  Calcium Magnesium  Sulfur Boron
(9-kg") (9-kg") (g9-kg") (9-kg") (9-kg") (mg.kg-)
Block 4 pases 2,60 0.32n= 1.250= 222n 0.19ns 0.68 "=
Treatments 3 p5gns 2.99s 1.92n= 1.050= 0.18 0= 0.02m= 2.31ms
CV (%) 2.75 767 5.74 6.55 9.35 7.24 12.35
Mean 15.92 2.39 14.64 20.63 3.35 5.08 48.32
Copper Zinc Sodium .
Iron Manganese y Aluminum
F DF kg (mg.kg+) (mg.kg-)
"94S (mgkg)  (mgkg) (mg-kg)
Block 4 oo potns 2 400 412 510~ 5.06™
Treatments 3 poqns 5467 10.18™ 3.06ms 2.670= 0.70ms
CV (%) 13.19 441 436 476 8.18 9.96
Mean 24.23 105.77 311.11 46.74 98.60 154 46

ns = not significant; * = significant at 5%; **; DF = degrees of freedom; CV = coefficient of variation.

T2 (Iml L"), and T3 (2 ml L) fruits entered the initial
physiological maturation process later.

Analyses conducted zero days after harvest (0 DAH) showed
that T4 (3ml L) already presented characteristics of the
second metabolic step of maturation in terms of reducing
and non-reducing sugar levels and total sugar content. There
was also evidence of reduced total phenolic compounds,
which are found at high concentrations in immature fruits.
The results of the evaluation at zero DAH showed advanced
maturation process in T4 (3 ml L") evidenced by increased
total soluble sugar content and increase SS, corroborating
what was determined by Bashir and Abu-Goukh (2003), who
reported that SS and sugars increased with maturation
progression, with the most significant increase in sugar
content occurring after the climacteric respiratory peak.

TA level showed different tree responses to B concentrations
in T4 (3 ml L) (Figure 6). There was a significant effect on
RI, AA, total sugars, non-reducing sugars, and total
anthocyanins (Figure 6). T4 (3ml L") results showed that the
fruit maturation process presented equal TA and RI values
between treatments at five DAH. Moreover, it also showed
that total phenolic compounds were also equal in this period,
but at lower values than the ones identified at the beginning
of the analyses.

Variables related to fruit pigmentation showed the same
levels of total carotenoids at five DAH, regardless of B
treatments. In the five-day interval between analyses, the
metabolic rate eliminated the differences for this variable
(Figure 4). This result corroborates with those of Jain et al.
(2001), who reported increased carotenoid levels during
guava ripening.
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Regarding total anthocyanin levels, it was not possible to
establish a response curve because the results were different
between the evaluation stages. Ageorges et al. (2014)
reported that anthocyanins begin to accumulate during
maturation and stabilize or decrease near the harvest stage.
In the second metabolic stage, T1 (control), T2 (1 ml L), and
T3 (2 ml L") showed the same TA, SS, and Rl levels, differing
from T4 (3 ml L7). These differences suggest that maturation
processes relate to starch (reserve sugar) transformation into
soluble sugars. T4 (3 ml L") presented decreased AA and RI
levels, since the highest values occurred in the previous
stage. In this second stage, T4 (3 ml L) presented the highest
values, with total, reducing and non-reducing sugars being
highlighted in the maturation process.

The results of the third metabolic stage were obtained at 0
and 5 DAH. At this stage, there was a significant difference
in soluble sugar and total anthocyanin levels.

In the third metabolic stage, some variables were replaced,
showing the clear sequence of this dynamic fruit maturation
metabolic process. There were increased non-reducing sugar,
total sugar, and total anthocyanin levels, indicating that the
ripening process was different between treatments and
showing that T4 (3 ml L) presented different results
compared to the other treatments, which showed evolution
in later maturation parameters.

Post-harvest firmness and mass loss

There was interaction between storage time and treatments,
with increasing B concentrations and greatest loss of mass in
treatment T1 (control). T3 (2 ml L") and T4 (3 ml L)
presented a lower percentage of mass loss than the other
treatments.



Table 2. Nutrient content of Cortibel RG guava fruit 15 days after spraying, with different foliar B-MEA concentrations.

N P K Ca Mg S
Concentrations gkg-1
T1=0 7.59=0.84  0.95=0.21 7.72=1.81  0.95=0.14 0.41+0.07 0.93+0.09
T2=1mlL! 6.76=0.52 0.99£0.12 8.87=0.58  1.15+0.13 0.43+0.04 0.87+0.09
T3=2ml L' 7.49=0.95 0.97=0.07 9.00=0.69  1.33x0.17 0.45+0 0.92+0.06
T4=3mlL! 7.71£0.61 0.87=0.11 8.235+0.48 1.62=0.25 0.39+0.04 0.83+0.04
C.V. (%) 10.46 13.90 12.64 23.72 11.01 8.58

Fe Cu Zn Mn B
Concentrations mg kg-1
T1=0 21.15£3.3 13.37+6.68 19.65+4.73  11.62+2.81 14.65+1.73

T2=1ml L' 22.2+3.63 11.12+3.09 19.80=1.55  12.37=2.06 14.39+0.99

T3=2ml L1 21.1£3.02 11.37£2.06 22.65£8.56  12.75+1.85 13.89+1.84
T4=3ml L1 17.25+1.08 9.87+0.25 22.05£9.06  11.25=0.65 13.87+1.93

C.V. (%) 15.99 21.96 19.28 15.74 10.76
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Figure 3. Harvest flushing of Cortibel RG guava trees at different days after spraying (DAS). The number of fruits harvested per
day and the accumulated number during the period between harvests are shown.
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Figure 4. Flowchart identifying the biochemical markers involved in the guava fruit ripening process at each metabolic stage. The
analysis considers the variables that showed statistical differences in the three metabolic steps analyzed. DAS, days after spraying;
DAH, days after harvest.

There were statistical differences in the initial assessment of The slope of firmness curves showed that treatment T4 (3 ml
fruit firmness between the treatments. All the treatments 1) was similar to T1, but with lower values. Even though
reached the same fruit firmness at the end of the evaluation there were different stages of fruit maturation between
period (9 days), but at different times. treatments at the initial post-harvest evaluation, T4 (3 ml L-

1) demonstrated no difference in firmness loss.

521



250 (A)

200 -

i ®
s * t

150

100 -

Ascorbic acid (mg 100 g‘w)

oA

o] 1 2

3
Concentrations (ml. L")

0.50
(<)

0.45 q ¢

0.40
0.35
0.30
0.25

Titratable acidity (% citric acid)

0 1 2 3
Concentrations (ml. L)

16
(E)

ns

15 |
14 |
13 |
12

I

0 1 2 3

Soluble solids (%)

11
10

o

Concentrations (ml. L")

50 1 y = 152.32+18.72*x-2.14*x? R?=0,65***

4.0

(B)
3.8 - ns
3.6
T 34| =—¢—% 3
3.2
3.0

6] 1 2 3

0.0 /I/

Concentrations (ml. L")

50 —
45

(D)

%40
< $
%_35 - \i)/}/-
=230 +
=
25
20
y =35.51-4.23x+1.66x> R?>=0.99***
oA : .

6] 1 2 3

Concentrations (ml. L™)

Figure 5. Mean ascorbic acid content, titratable acidy, soluble solids, and ripening index of Cortibel RG guava fruit, five days after

spraying.

T2 (1 ml L") and T3 (2 ml L") showed different results
compared to TO (control) and T4 (3 ml L7). Graphical
illustration presented different curves compared to TO,
especially T3 (2 ml L"), which showed an accelerated loss of
firmness. In addition, treatments T2 (1 ml L") and T3 (2 ml L
"), both at the beginning of the evaluation, showed very hard
flesh compared to treatments T1 (control) and T4 (3 ml L),
indicating a later stage of ripeness compared to the other
treatments.

Discussion

Guava (Psidium guajava) is a highly perishable fruit with a
short shelf life as physic-chemical changes occur
continuously and rapidly after harvest leading to heavy
postharvest losses. Guava orchards have a long harvest
period, with different flowering flushes depending on the
pruning made by the farmers. The orchards are managed
using two types of pruning. The management most
commonly adopted by growers, including the orchard in this
study, is staggered pruning by plot. In other words, the total
cultivated area is divided into plots that are pruned
alternately in order to improve the seasonality of the harvest
and, consequently, the profitability of the orchards. This is
an important cultural practice to avoid concentrating the
harvest in a single period.

Cultural management practices in guava orchards do not
have the option of using nutritional elements that affect fruit
ripening. When they are used, it is usually through hormonal
compounds. Boron application can be used in
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conjunction with Ethephon to promote fruit ripening, skin
color and harvest timing (Brackman et al., 2016). This study
assessed the possibility of introducing nutritional
management, in addition to staggered pruning, by spraying
with B-MEA, in order to reduce the time interval between
harvests in each plot, enabling more efficient use of harvest
labor and reducing costs.

One of the characteristics boron is known for is to facilitate
rapid nutrient transport to the sugar sinks. This effect can be
very valuable to speed up crop maturity and senescence
while also increasing harvest quality (Arora & Singh, 1972).
The nutritional content of the leaves and fruit showed that,
in terms of B content, there was no difference between the
treatments. These results suggest that B was rapidly
transported and redistributed to the sugar sinks.

The amount of boron needed varies according to the boron
content of the soil and the tree (Chaudhary et al., 2004).
Many crops and soils are deficient and often the upper end
of rates is required. It is best to supply the basic boron needs
during the growing season and then top up the needs with a
lighter application a few weeks before maturity to produce
the optimum effects (Baranwal et al., 2017).

The orchard in this study showed levels above the values
indicated by Natale et al. (2012) at five DAS, which indicates
a sufficiency range between 20-25 mg kg'. Thus, the
nutritional B sufficiency was meet, without showing a
statistical difference between the treatments. B content was
0.11 mg dm3in the soil, and the mean B content in the leaves
was 48.32 mg kg'. B percolation in the soil due to leaching
can explain the higher levels in the leaves than in the
superficial layers of the soil, since the roots absorb the B that
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Figure 6. Results of the analyses carried out at zero and five days after harvest (DAH) for titratable acidity, ascorbic acid, ripening
index, reducing sugars, non-reducing sugars, and total phenolic compounds.

move to deeper layers (Malavolta, 2006).

The effects of B-MEA applied at the beginning of fruit
ripening in a perennial crop such as guava were not aimed at
productivity gains, since at this stage fruit set was already
defined and, consequently, the number of fruits per tree and
the average fruit weight. Boron does not produce ripening
effects if the crop is not at the right stage of growth. It can
only accelerate naturally occurring tree processes. If properly
administered, boron applications can accelerate natural
ripening processes (Islam et al., 2016).

Guava is a climacteric fruit with steep respiration peak and
high rate of ethylene production that limits its postharvest
shelf-life to three to four days at room temperature whereas,
on the other hand refrigerated storage causes chilling injury
(Ribeiro et al., 2020). After harvest, fruits characterized as
climacteric continue the maturation process with respiratory
peaks (Bassetto et al., 2005) that are often associated with
peak AA concentrations (Baldet et al., 2014). The first
"physiological sign" of the fruit's physiological ripeness was
the increase in AA levels. Azam et al. (2021) reported that the
post-harvest application of AA maintained the physiological
and antioxidant responses of guava in ambient storage due
to the maintenance of antioxidant enzyme activities in the
fruit.

B-MEA at the highest concentration shortened the
harvesting period duration, as well as reducing the time
interval needed for harvesting. This result is very desirable
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for guava growers due to the possibility of increasing the
fruit seasonality, being also reported by Arora & Singh (1972)
in guava trees, and Brackmann et al. (2016) in apple trees.
The pre-harvest spraying of boron makes it possible to
harvest apples earlier due to the fact that it accelerates the
fruit metabolism. In these trials, maturation was accelerated
with B spraying.

B plays an important role in AA synthesis, and this is a
cofactor for activating other maturation-related metabolic
routes (Rogalla et al., 2002). AA is the reduced form of
ascorbate, which, according to Gest et al. (2013), is an
essential enzymatic cofactor for the synthesis of ethylene,
gibberellic acid, anthocyanins, and flavonoids. Ascorbate is a
cofactor for enzime 1-aminocyclopropane 1-carboxylic acid
(ACC) oxidase, which catalyzes the last stage of ethylene
biosynthesis. At this stage, maturation was accelerated
(Baldet et al., 2014).

The T4 presented in the second metabolic stage decreased
AA and RI contents. In this stage, another metabolic route
may have been co-responsible for decreased AA levels
because high B concentrations can damage plant tissues.
Hence, we hypothesized for what was observed in T4 (3 ml L-
1) is that the detox effect, also associated with ascorbate,
overcame the stimulus provided by ascorbate on ACC
oxidase. In addition, the protective effect against reactive
oxygen species (ROS) prevailed. According to Pech et al.
(2014), the antioxidant system that detoxifies ROS includes
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enzymes from the ascorbate glutathione cycle, which involve
ascorbate peroxidase.

Srivastava & Singh (2005) reported the relationship between
B and sugars such as mannitol and sorbitol, related to
carbohydrate transport and, the presence of B-sorbitol and
B-mannitol complexes in phloem sap.

As for metabolic reactions in the maturation process, non-
reducing sugars would be the main sugars transported in the
phloem, including sucrose linked to galactose, mannitol, and
sorbitol molecules (Taiz et al., 2017). Therefore, the three
sugars are related to B, acting in carbohydrate redistribution
in polyol-producing species. Considering that both sorbitol
and mannitol affect SS concentration in fruits, they act in
carbohydrate translocation and replace simple sugars such
as mannose and glucose during the ripening process (Singh
& Pal, 2008).

The SS content, SS/TA ratio, and AA content influence
organoleptic properties, thus influencing the nutritional
value of guava fruits (Azzolini et al., (2004); Dhara et al.,
(2017).

B application reduces the respiration rate, therefore, the
degradation of cellular structures would occur more slowly,
increasing post-harvest fruit firmness (Islam et al., 2016). As
a result, fruit quality would improve, resulting in longer
shelf-life (Pereira et al., 2006). David et al. (2003) reported
that B reduces tomato skin cracks, thus increasing post-
harvest shelf life. Otherwise, Singh et al. (2007) found no
significant differences in strawberry firmness after B
spraying.

Although not all points of this study could be elucidated, we
present results at all the different stages evaluated, which
open up opportunities to continue or even search different
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approaches to analyze the interaction between B and
ripening process.

The results indicated a positive effect of B on physiological
processes related to guava ripening. The highest AA contents
in T4 (3 ml L") reaffirmed the hypothesis of the potential use
of B in the final stage of guava production. Furthermore, no
signs of phytotoxicity related to the different B
concentrations applied by foliar spray were identified in
leaves or fruits.

Our results also identified beneficial effects in T4 (3 ml L)
both related to maintaining fruit firmness and reducing post-
harvest mass loss. These results can be useful in planning
fruiting pruning for new orchards, identifying the possibility
of spraying with B-MEA and determining the most
appropriate crop management for the interval between
harvests, post-harvest and assessing storage time.

Material and methods

Experimental site

The experiment was carried out in an orchard located in
Valinhos, Sao Paulo, Brazil, (22° 55’ 51” S and 46° 58’ 39” W),
and 715 m as.l. According to the Koéppen-Geiger climate
classification, the climate in the area is classified as Cfa
(warm temperate climate), with a mean temperature of 20.6
°C and a mean annual rainfall of 1,462 mm (Setzer, 1966).
Climatic, maximum and minimum temperature, and rainfall
data during the experiment period are presented in Figure 1.
The soil was typical dystrophic red-yellow latosol, moderate
A, medium texture, and clayey (LVAd6), according to the
nomenclature of the Brazilian Soil Classification System
(Santos et al., 2013).
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Figure 8. Relationship between storage period, mass loss, and fruit firmness in Cortibel RG guava fruit samples collected at 15 days

after spraying.

Plant material and orchard management

The study analyzed 13-year-old red guava trees (Psidium
guajava, L.) of the Cortibel RG cultivar, cultivated at a
spacing of 4 x 3 m (800 trees ha), without irrigation. The
trial was conducted in the 2021/2022 harvest season.

Prior to experimentation, soil samples were collected at a 0
to 20 cm depth to determine soil chemical analyses. The
results indicated that pH (CaClz) = 5.9, Organic Matter = 68
g/dm3, Presin = 364 mg/dm3, AB* =0, H + Al = 21, K = 2.42
mmolc/dm3, Ca = 240 mmolc/dm3, Mg = 20 mmolc/dm3, Sum
of bases = 262 mmolc/dm3, Cation exchange capacity = 283,
and base saturation = 93%. There was no need for liming.
Fertilization was carried out as follows: after pruning, 2.000
g/tree of formulated 20-05-20; in full flowering, 1.500 g/tree
of formulated 20-05-20; 30 days after the beginning of
flowering, 1,500 g/tree of formulated 20-05-20; 60 days after
the beginning of flowering, 2.000 g/ of formulated 15-05-30.
No thinning or fruit bagging was carried out in the orchard.
Fruiting trees were pruned in stages, by plot, at the end of
February 2022.

Treatments and experimental design

The treatments consisted of foliar sprays of B-MEA with 11%
B and a density of 1.37g/mL (Boroplus®). Spraying was
carried out using electric backpack equipment with
standardised pressurisation. The treatments corresponded to
concentrations of 0 (control) (T1); 1.0 (T2); 2.0 (T3) and 3.0 ml
L-1 (T4). The concentrations were equivalent to 0 g (control),
60.28 g, 120.56 g and 180.84 g ha™! of B-MEA, at phenological
stage 78 on the BBCH (Biologische Bundesanstalt,
Bundessortenamt, und Chemische Industrie) scale (80% of
final fruit growth), for the Psidium guajava L. species (Salazar
et al., 2006).

The experimental design was a randomized blocks with four
treatments, five replicates, and three trees per experimental
plot, totaling sixty useful trees, in addition to ten guard trees
for each treatment and twenty guard trees external to the
trial.

Leaf and fruit nutritional content and harvest

Macro and micronutrient analysis was carried out on a leaf
sample consisting of 25 pairs of leaves, collected five days
after spraying (DAS) at the mean height of the canopy,
considering the third or fourth expanded pair (Silva, 2009).
Macro and micronutrient contents were evaluated in
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samples of fruits harvested and processed into guava pulp, at
the time of harvest peak, at 15 DAS.

Yield performance

The total number of fruits harvested from each tree were
counted, and the product of the total number of fruits and
fresh weight of the fruits harvested per tree was considered
the production per tree. The yield (t ha') was obtained
considering a stand of 800 trees per hectare.

Harvest and sampling

The fruit was harvested at the stage where guava growers
consider it to have reached physiological maturity, that is,
firm, with green skin with an initial yellow color at the base
and firm (Garcia, 1978; Ribeiro et al., 2020).

The fruit was sampled at the peak of the harvest (15 DAS).
The samples were divided into three equal parts. A third of
the samples were kept to evaluate firmness and weight loss
over a total period of nine days, at three-day intervals. A
third of the total sample were sent for immediate analysis of
chemical variables, and another third was reserved to be
analyzed five days after the first evaluation (Figure 2). The
harvest flushing was determined by counting the fruits on
each harvest date, at 5, 8, 15, and 17 DAS, and cumulatively
throughout the process.

Fruit firmness, mass loss, length, and diameter
Firmness was determined by resistance to penetration using
a PTR 500 fruit sclerometer. Mass loss (%ML) was calculated
using equation 1:

% PM = 100 — (MA * %). (Equation 1)

Where: %ML = percentage of mass loss, MA = mass on the
day of evaluation, and MI = initial mass (day zero). Fruit
length and fruit diameter, in mm, were also evaluated.

Chemical analyses

Titratable acidity and the percentage of citric acid, was
evaluated using the sodium hydroxide (NaOH) titration
method (IAL, 2008). The potential of Hydrogen (pH) was
measured using a pH meter (Digital DMPH-2) (Association
of Official Analytical Chemists (AOAC), 2019). Soluble solids
content was obtained using a digital refractometer and
expressed in °Brix. Ripening index (RI) is the relationship
between SS and TA. Sugars (total, reducing, and non-
reducing) were determined using a spectrophotometer and



the methodology described by Somogy with adaptation by
Nelson (1944). AA content was determined using the
modified Tillmans titration method with reduction of the 2,6-
dichlorophenolindolephenol-sodium indicator by AA
(MAPA, 2021). Total phenolic compound levels were
determined using a spectrophotometer at 750 nm, after one
hour of reaction with acetone extractor (50%), according to
the methodology described by Singleton et al. (1999), and the
results were expressed in ug gallic acid 100 ml.

Total carotenoid and total anthocyanin contents were
determined using a spectrophotometer at 470 nm and 537
nm, respectively, after 1 hour of reaction with acetone
extractor (80%) and tris (hydroxymethyl) aminomethane
(20%) solution, according to the method described by Sims
and Gamon (2002). The results were expressed in mg 100"

Statistical analysis

The Anderson-Darling test was used to analyze data
normality in all sets of results. Homoscedasticity was verified
using the variance equation test (or the Levene’s test). The
data were subjected to analysis of variance at a significance
level of 0.05 error probability by the F test. The means, when
significant, were subjected to the Tukey test at 5% error
probability using the R software. The graphs were created
using the SigmaPlot software (Systat Software Inc., San Jose,
CA, USA).

Conclusion

Pre-harvest foliar B-MEA spraying at a concentration of 3 mL
L1 (180.84 g B-MEA ha") resulted in harvest anticipation and
concentration, thereby maintaining post-harvest fruit
firmness and decreasing mass loss in ‘Cortibel RG’ guava
fruits.
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