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HIGHLIGHTS:
Zucchini cv. Caserta have greater sensitivity to high salinity of irrigation water during the initial growth stage.
Saline water in germination and initial growth reduces the physical quality and increases the soluble solids of zucchini.
Salinity stress applied during germination and growth reduces the production and water use efficiency of zucchini.

ABSTRACT: Semi-arid regions are subject to irregular rainfall distribution, leading to long periods of drought. Therefore,
the only way to achieve and ensure production is through irrigation. However, in these regions, brackish water is
predominant, requiring the adoption of irrigation strategies for better utilization. In this context, the objective of present
study was to evaluate the production and fruit quality of Italian zucchini subjected to brackish water irrigation strategies
during phenological stages. A completely randomized design with five treatments was used: S1 = low-salinity water (0.8
dS m™) throughout the crop cycle; S2 = high-salinity water (3.0 dS m™) only during germination and growth stages (0-11
DAS); S3 = high-salinity water (3.0 dS m™) only during the pre-flowering stage (12-22 DAS); S4 = high-salinity water (3.0
dS m™) only during the fruiting stage (23-42 DAS); S5 = high-salinity water %3.0 dS m™') only during the harvesting stage
(43-63 DAS), with eight replications. Irrigation with brackisl% water (3.0 dS m™) during the pre-flowering and fruiting stages
negatively affects the length and diameter of Italian zucchini fruits. The average fruit mass, skin thickness, production, and
water use efficiency are reduced when zucchini plants were irrigated with water of higher electrical conductivity during the
germination and initial l§r0wth stages, while the soluble solids content is increased. Under conditions of high salinity, it is
possible to irrigate zucchini crop without loss of fruit quality and production throughout the harvesting stage.

Key words: Cucurbita pepo, salinity, water use efficiency, phenological stage

RESUMO: As regides semidridas estdo sujeitas a distribui¢do irregular das chuvas, o que ocasiona longos periodos de
estiagem. Deste modo, a inica maneira de obter e garantir a producéo é utilizando a irrigaco, porém, nessas regioes, ocorre
a predominancia de aguas de baixa qualidade (salobras), sendo necessario adotar estratégias de irrigacdo para melhor
aproveitamento. Neste sentido, objetivou-se avaliar a produ¢io e qualidade de frutos da abobrinha italiana submetida a
estratégias de irrigacdo com dgua salobra nos estdgios fenoldgicos. Foi utilizado o delineamento inteiramente casualizado,
com cinco tratamentos, correspondendo a cinco estratégias de irrigacdo (E1= dgua de menor salinidade (0,8 dS m™) durante
todo o ciclo da cultura; E2= 4gua de maior salinidade (3,0 dS m™) apenas nas fases de germinacéo e crescimento (0-11 DAS);
E3= 4gua de maior salinidade (3,0 dS m™) apenas na fase de pré-floragio (12-22 DAS); E4= 4gua de maior salinidade (3,0 dS
m') apenas na fase de frutificacdo (23-42 DAS); E5= dgua de maior salinidade (3,0 dS m) apenas na fase de colheita (43-
63 DAS), com oito repetigoes. X irrigacdo com dgua sal%bra (3,0 dS m!") durante as fases de pré-floracio e frutificacio afeta
negativamente o comprimento e o diametro dos frutos de abobrinha italiana. A massa média dos frutos, a espessura da casca,
a producio e a eficiéncia no uso da dgua sdo reduzidas quando irrigados com dgua de maior condutividade elétrica durante as
fases de germinagio e crescimento inicial, enquanto o teor de sélidos soluveis € aumentado. Em condi¢des de alta salinidade
é possivel irrigar a cultura da abobrinha sem perda da qualidade e da produgio dos frutos durante toda a fase de colheita.
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INTRODUCTION

Zucchini (Cucurbita pepo L.), belonging to the Cucurbitaceae
family, is characterized by its elongated and cylindrical shape.
It is sensitive to low temperatures and thrives better in warm
climates, such as that found in tropical or even semi-arid
regions, with specific management practices (Filgueira, 2012;
Guerra et al., 2020).

Adopting irrigation in the Italian zucchini crop ensures
production reliability (Souza et al., 2020). However, in the
Brazilian Northeast, production is severely affected due to
the presence of brackish waters used in irrigation, containing
high levels of toxic ions for crops such as Na* and Cl (Lessa
et al., 2023a). Sousa et al. (2022a) observed that electrical
conductivity of the water above 1 dS m™ negatively affects the
physiology and growth of the zucchini crop.

The consequences of exposure to high salt levels in irrigation
water can lead plants to osmotic disturbance, significantly
reducing water and nutrient uptake, and/or ionic imbalances
caused by excess Na* and Cl" (Lima et al., 2018; Sousa et al.,
2021; Sousa et al., 2022b), resulting in morphophysiological
and biochemical alterations, metabolic disorders (Souza et
al., 2019; Sales et al.,, 2021), and consequently reducing the
production potential of cultivated plants (Sousa et al., 2019).

In this context, studies exploring efficient irrigation
management in saline and water-scarce environments, such as
semi-arid regions, have been tested to minimize production
impacts (C6 et al., 2023; Lima et al., 2023). The cyclic use of
brackish water at different phenological stages of the crop is
an alternative, as plant tolerance may vary according to the
phenological stage (Lacerda et al., 2021; Silva et al., 2022;
Lessa et al., 2023b). C6 et al. (2023) achieved greater water
use efficiency in millet crop through the cyclic use of brackish
water of 4 dSm™.

Given this scenario, the objective of the present study was
to evaluate the production and fruit quality of Italian zucchini
subjected to brackish water irrigation strategies at different
phenological stages.

MATERIAL AND METHODS

The experiment was conducted under field conditions at
the Unidade de Produgdo de Mudas das Auroras (UPMA),
belonging to the Universidade da Integracdo Internacional
da Lusofonia Afro-Brasileira (UNILAB) in Redencéo, Cear4d,
Brazil (4° 13’86 33” S; 38° 43’ 39” W and altitude of 92 m) from
June to August 2021. The climate of the region is classified as
Aw, characterized as a rainy tropical climate, very hot, with
predominant rainfall in the summer and autumn seasons
(Alvares et al., 2013). The meteorological data obtained
throughout the experimental period are presented in Figure 1.

For the experiment, a completely randomized design was
used, with five treatments representing five irrigation strategies
(S1 = use of low-salinity water (0.8 dS m™) throughout the crop
cycle; S2 = use of high-salinity water (3.0 dS m™) only during
germination and initial growth stages (0-11 DAS); S3 = use of
high-salinity water (3.0 dS m™) only during pre-flowering stage
(12-22 DAS); S4 = use of high-salinity water (3.0 dS m™) only
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Figure 1. Mean values of maximum (Max) and minimum
(Min) temperatures, precipitation, and relative air humidity
observed during the experimental period (18 June to 20
August 2021)

during fruiting stage (23-42 DAS); S5 = use of high-salinity
water (3.0 dS m™) only during harvesting stage (43-63 DAS);
in the other stages, water with lower electrical conductivity
(0.8 dS m™') was used, following the description by Delfim &
Mauch (2017), with eight repetitions for each treatment.

Table 1 presents the distribution of irrigation strategies
according to the established phenological stages, along with
their respective electrical conductivity levels.

Seeds of Italian zucchini, cv. Caserta, were used, five per
pot, and each pot had a volumetric capacity of 11 dm’. At 10
days after sowing (DAS), thinning was performed, leaving one
plant per pot. The pots were filled with a substrate formulated
from a mixture of arisco (sandy material with light texture
normally used in constructions in Northeast Brazil), sand, and
bovine manure in a ratio of 4:2:1 (volume basis), respectively. A
representative sample of the substrate was collected and sent to
the Soil and Water Laboratory of the Universidade Federal do
Ceara (UFC) for chemical characterization (Table 2), following
the methodology of Teixeira et al. (2017).

The water of 3.0 dS m™! was prepared based on Sousa et al.
(2022a) by dissolving NaCl, CaCl,.2H,0, and MgCl,.6H,O salts
in the supply water of the experimental area, corresponding
to the lowest salinity treatment (0.8 dS m™), in an equivalent
proportion of 7:2:1, respectively, following the relationship
between ECw and the concentration (mmol_L* = EC x 10),
as described in Richards (1954). Irrigation was performed
manually, with daily frequency, using the water balance,
calculated according to the principle of the drainage lysimeter,

Table 1. Irrigation strategies in Italian zucchini crop during
phenological stages

W1- 0.8 dS m™ and W2- 3.0 dS m™. S1- Water with low salinity (0.8 dS m™) throughout
the crop cycle; S2- Water with high salinity (3.0 dS m™) only in the germination and
initial growth stages (0-11 DAS); S3- Water with high salinity (3.0 dS m™) only in the
pre-flowering stage (12-22 DAS); S4- Water with high salinity (3.0 dS m™) only in the
fruiting stage (23-42 DAS); S5- Water with high salinity (3.0 dS m™) only during the
harvest stage (43-63 DAS)
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Table 2. Chemical characteristics of the substrate before the beginning of the treatments

OM - Organic matter; SB - Sum of bases (Ca** + Mg** + Na* + K*); CEC - Cation exchange capacity - [Ca®* + Mg®* + Na* + K* + (H* + AI*")]; V - Base saturation - (Ca*" + Mg*" +
Na* + K*/ CEC) x 100; ESP - Exchangeable sodium percentage; ECse - Electrical conductivity of the saturation extract of the substrate

by adapting the pots (11 dm?) as a micro-lysimeter, to keep
the soil at field capacity, following Eq. 1. A leaching depth of
15% was considered for each irrigation event to avoid excessive
accumulation of salts, according to Ayers & Westcot (1999).

(Vp-Vd)

(1)

where:

VI - volume of water to be applied in the irrigation event
(mL);

Vp - volume of water applied in the previous irrigation
event (mL);

Vd - volume of water drained (mL) after last event; and,

LF - leaching fraction of 0.15.

The volume of the water applied per treatment and the total
during the experiment are presented in Table 3.

For crop maintenance, mineral fertilization was carried out
following recommendations of Filgueira (2012), corresponding
to 140 kg ha'' of N, 300 kg ha” of P,O,, and 150 kg ha! of K, 0,
using urea (45% N), triple superphosphate (46% P,0,), and
potassium chloride (60% K,O), respectively. Fertilizer was
applied as basal and as topdressing (15 and 25 DAS). Simulating
a stand of 10,000 plants ha, each pot per plant per cycle
received 14 g of N, 30 g of PO, and 15 g of K O.

Manual weeding was performed as needed based on the
appearance of weeds in the pots, and no applications of pest and
disease control inputs were required. In addition, plants were
staked at the base of the pot to prevent tipping and mechanical
damage to the fruit.

Between the periods of 50 to 63 DAS (harvesting stage), the
fruits were harvested when fully formed with the characteristic
color of the cultivar (light green skin and dark green stripes)
and appeared shiny, tender and fiberless, indicative of the
harvesting stage. The following variables were measured:
number of fruits per plant (NFP) through direct counting
of harvested fruits per plant; fruit length (FL, cm) measured
longitudinally using a graduated ruler; fruit diameter (FD,

Table 3. Volume of the water applied per treatment and total

S1- Water with low salinity (0.8 dS m™) throughout the crop cycle; S2- Water with
high salinity (3.0 dS m™) only in the germination and initial growth stages (0-11 DAS);
$3- Water with high salinity (3.0 dS m™) only in the pre-flowering stage (12-22 DAS);
S4- Water with high salinity (3.0 dS m™) only in the fruiting stage (23-42 DAS); S5- Water
with high salinity (3.0 dS m™) only during the harvest stage (43-63 DAS)

mm) measured at the transverse base with a caliper; skin (rind)
thickness (ST, mm) measured with a caliper after transversely
cutting the fruits; average fruit mass (AFM, g) obtained from
the total fresh weight measured on a precision scale and
number of fruits harvested for each plant; content of soluble
solids (SS, °Brix) analyzed in the pulp after processing, with an
analog refractometer; production (PRO, g per plant), measured
on a semi-analytical precision scale; and water use efficiency
(WUE, g L") obtained from the ratio between fresh fruit weight
and the volume of water applied in irrigation.

The data were subjected to the Kolmogorov-Smirnov test
(p < 0.05) to assess normality. After verifying normality, the
data were subjected to analysis of variance, using the F test,
and when significant, they were subjected to the Tukey test at
0.01 and 0.05 probability levels using the software Assistat 7.7
Beta (Silva & Azevedo, 2016).

RESULTS AND DISCUSSION

According to the analysis of variance the variable number
of fruits per plant (NFP) was not influenced by the strategies
used. However, the other analyzed variables were significantly
influenced by the irrigation strategies factor, with fruit
diameter (FD) and skin (rind) thickness (ST) at p < 0.01. The
effects on fruit length (FL), average fruit mass (AFM), soluble
solids (SS), production (PRO), and water use efficiency (WUE)
were significant at p < 0.05 (Table 4).

Fruit diameter was higher in S1 (use of water with low
electrical conductivity throughout the cycle). On the other
hand, the application of S3 and S4 strategies resulted in
the smallest diameters (18.58 and 20.10 mm, respectively),
showing significant differences from the strategy without salt
stress (Figure 2). This fact is directly related to the deleterious
effects of salts on fruit formation, triggered by the salt effect
that reduces the osmotic potential, impairing water absorption,
as well as disrupting photoassimilate production, inhibiting
cell expansion due to the use of brackish water during the
pre-flowering and fruiting stages (Lima et al., 2020). This
reduction in fruit diameter demonstrates the sensitivity of the
crop during these stages. Reduction in the transverse diameter
in Italian zucchini was reported by Souza et al. (2020) when
using highly saline water (5.0 dS m™) for irrigation throughout
the crop cycle.

According to Figure 3, a significant reduction was observed
in the length of Italian zucchini fruits when subjected to salt
stress during the fruiting stage (S4=7.43 cm) compared to the
highest mean obtained in S2, 9.72 cm (use of water with high
salinity (3.0 dS m™) only during germination and initial growth
stages), with a reduction of about 23.55%.

This reduction under salt stress during the fruiting stage
can be considered an acclimation alternative to minimize the
uptake of saline water, especially containing Na* and Cl" ions.

Rev. Bras. Eng. Agric. Ambiental, v.28, n.10, 277139, 2024.



4/7 Tamires da C. M. Semedo et al.

Table 4. Summary of the analysis of variance for the variables number of fruits per plant (NFP), fruit diameter (FD), fruit length
(FL), skin (rind) thickness (ST), average fruit mass (AFM), soluble solids (SS), production (PRO), and water use efficiency
(WUE) of Italian zucchini crop under brackish water irrigation strategies at different phenological stages

SV - Source of variation. DF - Degrees of freedom; CV - Coefficient of variation; *; **, ns - Significant at p < 0.05 and p < 0.01, and not significant, respectively, by F test

S1- Water with low salinity (0.8 dS m™) throughout the crop cycle; S2- Water with high
salinity (3.0 dS m™) only in the germination and initial growth stages (0-11 DAS); S3-
Water with high salinity (3.0 dS m™) only in the pre-flowering stage (12-22 DAS); S4- Water
with high salinity (3.0 dS m™) only in the fruiting stage (23-42 DAS); S5- Water with
high salinity (3.0 dS m™) only during the harvest stage (43-63 DAS). Means followed by
different lowercase letters indicate significant differences by Tukey test (p < 0.05). Vertical
bars represent the standard error of mean (n = 8)

Figure 2. Fruit diameter of Italian zucchini under different
strategies of irrigation with brackish water

S1- Water with low salinity (0.8 dS m™) throughout the crop cycle; S2- Water with high
salinity (3.0 dS m™) only in the germination and initial growth stages (0-11 DAS); S3-
Water with high salinity (3.0 dS m™) only in the pre-flowering stage (12-22 DAS); S4- Water
with high salinity (3.0 dS m™) only in the fruiting stage (23-42 DAS); S5- Water with
high salinity (3.0 dS m™") only during the harvest stage (43-63 DAS). Means followed by
different lowercase letters indicate significant differences by Tukey test (p < 0.05). Vertical
bars represent the standard error of mean (n = 8)

Figure 3. Fruit length of Italian zucchini under different
strategies of irrigation with brackish water

High salinity levels lead to low osmotic potential, reduction
in relative water content, and diminished nutrient absorption,
ultimately affecting production aspects (Lima et al., 2020;
Souza et al., 2020), such as fruit size.

When evaluating watermelon crop under different
strategies of irrigation with saline water (4.0 dSm™), Silva et al.
(2022) reported a similar reduction in fruit equatorial diameter
as in the present study, when salt stress was applied during the
fruiting stage. However, Souza et al. (2020) did not observe a
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significant reduction in zucchini length under salt stress (0.5
and 5.0 dS m™) throughout the entire cycle.

Zucchini fruit skin thickness was higher without salt
stress throughout the entire cycle (S1= 1.44 mm). Under
irrigation treatments S2 and S4, the thickness (0.99 and 0.89
mm, respectively) was significantly reduced compared to
the S1, demonstrating the sensitivity of the crop during the
germination, growth, and fruiting stages (Figure 4).

Similarly to the data presented in this study, Dantas et al.
(2018) found that salt stress negatively affected the fruit rind
thickness in melon crop, a characteristic that can impact fruit
quality and shelf life by reducing resistance to transportation
and storage. Considering that high salinity can induce
disorders such as water deficit and nutrient imbalance, the
decrease in rind thickness induced by salinity may be partially
explained by these disorders, as observed by Gomes do O
et al. (2021). When evaluating ‘Crimson Sweet’ watermelon
under brackish water irrigation, these authors reported that
high salinity resulted in a linear decrease of 8.86% in rind
thickness per unit increase in salinity. Specifically, the increase
in salinity resulted in a 45% reduction in rind thickness in
the 6.5 dS m™! treatment (1.5 cm) compared to the control
treatment (2.7 cm).

It can be observed in Figure 5 that the lowest average fruit
mass (84.11 g) was obtained in S2, which used water with
higher salinity (3.0 dS m™) during the germination and initial
growth stages (0-11 DAS), significantly different from S1, with
the highest averages (129.75 g; water with lower salinity (0.8
dS m™) throughout the growing cycle), while S3, S4, and S5

S1- Water with low salinity (0.8 dS m™) throughout the crop cycle; S2- Water with high
salinity (3.0 dS m™) only in the germination and initial growth stages (0-11 DAS); S3-
Water with high salinity (3.0 dS m™) only in the pre-flowering stage (12-22 DAS); S4- Water
with high salinity (3.0 dS m™") only in the fruiting stage (23-42 DAS); S5- Water with
high salinity (3.0 dS m™) only during the harvest stage (43-63 DAS). Means followed by
different lowercase letters indicate significant differences by Tukey test (p < 0.05). Vertical
bars represent the standard error of mean (n = 8)

Figure 4. Skin (rind) thickness of Italian zucchini under
different strategies of irrigation with brackish water
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S1- Water with low salinity (0.8 dS m™) throughout the crop cycle; S2- Water with high
salinity (3.0 dS m™) only in the germination and initial growth stages (0-11 DAS); S3-
Water with high salinity (3.0 dS m™) only in the pre-flowering stage (12-22 DAS); S4- Water
with high salinity (3.0 dS m™) only in the fruiting stage (23-42 DAS); S5- Water with
high salinity (3.0 dS m™) only during the harvest stage (43-63 DAS). Means followed by
different lowercase letters indicate significant differences by Tukey test (p < 0.05). Vertical
bars represent the standard error of mean (n = 8)

Figure 5. Average fruit mass of Italian zucchini under different
strategies of irrigation with brackish water

(99.95, 94.26, and 105.54 g, respectively) were not statistically
different from the others.

The increase in soil salt content, resulting from progressive
deposition of salt through irrigation water, leads to a reduction
in availability of NPK and Ca levels, which are important
for fruit mass performance (Lima et al., 2018; Sousa et al.,
2022b). This reduction is directly related to salinity stress,
which immediately reduces soil water potential, making the
soil solution unavailable or not readily available for nutrient
uptake by plants (Lima et al., 2023; Sousa et al., 2022b).

When evaluating the production and post-harvest quality
of mini watermelon under strategies of irrigation with high-salt
content water, Silva et al. (2022) observed contrasting results
to those obtained in this study, where the strategy with saline
water application during the vegetative stage did not differ
statistically from the strategy with low salinity application
throughout the entire cycle.

The content of soluble solids was higher with irrigation
using saline water (3.0 dS m™) only during the germination
and initial growth stages (S2), being about 37.5% higher when
compared to the lowest value obtained in S3 (salt stress during
the pre-flowering stage) (Figure 6).

This increase is explained by the reduction in water
absorption caused by the excess of salts, decreasing the internal
content, generating a higher solute concentration per fruit,
and consequently increasing the soluble solids (Gadelha et al.,
2021; Silva et al., 2022). Further supporting this, the results
obtained for average fruit mass (Figure 5) were significantly
reduced at stage S2, resulting in smaller fruits but with higher
soluble solids concentration.

When evaluating the fruit quality of watermelon under
strategies of irrigation with brackish water (4.0 dS m™), Silva
et al. (2022) reported that applying salt stress during the
vegetative and flowering stages of the crop did not increase
the soluble solids content in the fruits.

The production of zucchini crop was statistically higher
in the treatment using low-salinity water throughout the
cycle (S1). However, when salt stress was applied during the
germination and initial growth stages (S2), it significantly

S1- Water with low salinity (0.8 dS m™) throughout the crop cycle; S2- Water with high
salinity (3.0 dS m™) only in the germination and initial growth stages (0-11 DAS); S3-
Water with high salinity (3.0 dSm™) only in the pre-flowering stage (12-22 DAS); S4- Water
with high salinity (3.0 dS m™”) only in the fruiting stage (23-42 DAS); S5- Water with
high salinity (3.0 dS m™) only during the harvest stage (43-63 DAS). Means followed by
different lowercase letters indicate significant differences by Tukey test (p < 0.05). Vertical
bars represent the standard error of mean (n = 8)

Figure 6. Soluble solids content of Italian zucchini under
different strategies of irrigation with brackish water

reduced the production by about 37.5%, but this treatment did
not differ statistically from the other strategies with brackish
water (Figure 7).

This drastic reduction demonstrates that the crop shows
greater sensitivity in the initial stage. The tolerance and/
or sensitivity levels of crops to salt stress can vary between
development stages, but in general, most crops are more
sensitive to salinity during the initial phenological stages
(Aradjo et al., 2016). This fact is directly linked to the
reduction in water absorption due to the decrease in soil
osmotic potential, as well as injuries related to the absorption
of large amounts of toxic ions (Na* and CI'), damaging the
photosynthetic apparatus due to metabolic and biochemical
alterations, directly affecting the production and distribution
of assimilates throughout the phenological cycle of the crop
(Sales et al., 2021; Lima et al., 2023).

When evaluating the zucchini crop under salt stress
(irrigating with 5.0 dS m™' water) throughout the cycle, Souza
et al. (2020) observed a 57.31% reduction in production
compared to irrigation with lower electrical conductivity water

S1- Water with low salinity (0.8 dS m™) throughout the crop cycle; S2- Water with high
salinity (3.0 dS m™) only in the germination and initial growth stages (0-11 DAS); S3-
Water with high salinity (3.0 dS m™) only in the pre-flowering stage (12-22 DAS); S4- Water
with high salinity (3.0 dS m™") only in the fruiting stage (23-42 DAS); S5- Water with
high salinity (3.0 dS m™) only during the harvest stage (43-63 DAS). Means followed by
different lowercase letters indicate significant differences by Tukey test (p < 0.05). Vertical
bars represent the standard error of mean (n = 8)

Figure 7. Production of Italian zucchini under different
strategies of irrigation with brackish water

Rev. Bras. Eng. Agric. Ambiental, v.28, n.10, 277139, 2024.
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(EC= 0.5 dS m). On the other hand, Gadelha et al. (2021)
reported that beet crop reduced its yield under conditions
of high irrigation water salinity (5.8 dS m™) from the initial
growth stage.

The water use efficiency responded similarly to production.
The lowest WUE (2.40 g L!) was obtained in S2 (saline water
during germination and initial growth stages), statistically
differing only from S1 (3.70 g L), the strategy in which low-
salinity water was used throughout the crop cycle (Figure 8).

It is observed that, regardless of the stage in which higher
salinity water was used for irrigation, there was a negative
response in terms of reduction in WUE compared to the
strategy in which low-salinity water was used in entire cycle.
However, the reduction was more severe in the initial stages.
This result demonstrates the deleterious effects of salinity
regardless of the application period, which are possibly related
to the reduction in osmotic potential, consequently causing the
plant to absorb less water due to the low suction pressure to
overcome osmotic pressure (Gomes do O etal., 2021), reducing
the ability of the crop to effectively use available water.

In the light of the results, it is possible to identify pathways
for the Italian zucchini crop under biosaline conditions. The
cyclic use of brackish water according to the phenological
stage emerges as a viable alternative, aiming to understand
the tolerance level at each stage. The results of this study
show that irrigation with water with relatively high salinity,
regardless of the phenological stage, had negative effects on
the cv. Caserta. This is confirmed by similar effects in reducing
water use efficiency and fruit production. However, it is also
possible to identify more tolerant stages without significant
yield losses. Therefore, it is crucial to identify stages of greater
tolerance for crops under salinity stress in order to seek less
drastic reductions and higher financial returns under adverse
conditions of elevated salinity.

S1- Water with low salinity (0.8 dS m™) throughout the crop cycle; S2- Water with high
salinity (3.0 dS m™) only in the germination and initial growth stages (0-11 DAS); S3-
Water with high salinity (3.0 dS m™) only in the pre-flowering stage (12-22 DAS); S4- Water
with high salinity (3.0 dS m™) only in the fruiting stage (23-42 DAS); S5- Water with
high salinity (3.0 dS m™) only during the harvest stage (43-63 DAS). Means followed by
different lowercase letters indicate significant differences by Tukey test (p < 0.05). Vertical
bars represent the standard error of mean (n = 8)

Figure 8. Water use efficiency of Italian zucchini under
different strategies of irrigation with brackish water

CONCLUSIONS

1. Irrigation with brackish water (EC= 3.0 dS m™') during
the pre-flowering and fruiting stages negatively affects the
length and diameter of Italian zucchini fruits.

Rev. Bras. Eng. Agric. Ambiental, v.28, n.10, 277139, 2024.

2. The average fruit mass, skin (rind) thickness, production,
and water use efficiency of Italian zucchini fruits are reduced
when irrigated with water of higher electrical conductivity
(3.0 dS m™) during the germination and initial growth stages,
while the soluble solids content is increased.

3. Under conditions of high salinity, it is possible to irrigate
zucchini crop without loss of fruit quality and production
throughout the harvesting stage.
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