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Abstract: Salt stress can negatively affect the development of seedlings. However, the use of 

alternative substrates can mitigate these effects. The present study aimed to evaluate the growth 

of yellow passion-fruit seedlings in response to irrigation with saline water grown on different 

substrates. The experiment was developed at the University of International Integration of Afro-

Brazilian Lusofonia, Redenção, Ceará, Brazil. The experimental design was entirely 

randomized, in a 2 × 5 factorial arrangement, composed of two levels of electrical conductivity 

of the irrigation water (0.3 and 3.0 dS m-1) and five substrate types (S1 = soil; S2 = sand, sandy 

soil, and bovine manure – 1:1:1; S3 = sand, sandy soil, and carbonized rice husk – 1:1:1; S4 = 

sand, sandy soil, and biochar – 1:1:1; S5 = sand, sandy soil, and vegetal ash – 1:1:1), with five 

replications. The S2 substrate containing sand, sandy soil, and bovine manure promoted higher 

performance of seedling height, stem diameter, shoot dry mass, root dry mass, and total dry 

mass associated with low salinity water. The S2 substrate was more efficient for leaf area, while 

S4 substrate was more efficient for number of leaves, root length, and pH. The S1 and S2 

substrates presented higher electrical conductivity of the saturation extract using water of higher 

conductivity. 

 

Keywords: Passiflora edulis, salinity, Dickson quality index. 

 

Introduction 

Passion fruit belongs to the Passifloracea 

family, is a fruit tree native to Tropical 

America, it has more than 150 species that 

are used for various purposes, such as food, 

medicine and ornamentation (Freire et al., 

2020). The yellow passion fruit (Passiflora 

edulis f. flavicarpa), purple passion fruit 

(Passiflora edulis) and sweet passion fruit 
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(Passiflora alata) are the most cultivated 

species in Brazil and worldwide (Paixão et 

al., 2021; Veimrober Júnior et al., 2022). 

With water scarcity, it becomes 

necessary to use lower quality water for the 

development of production (Freitas et al., 

2021). However, due to the presence of high 

salt contents in these waters, agriculture 

becomes relatively restricted for the 
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performance of crops not tolerant to 

salinity, as well as in the production of 

seedlings (Melo Filho et al., 2017; Guedes 

et al., 2023). 

The production of seedlings is a 

primordial process for success in orchards, 

and the type of substrate used has a direct 

influence on its quality and final cost taking 

into account the crop that will be used (Cruz 

et al., 2016; Mendonça et al., 2021; Paixão 

et al., 2021). 

Currently on the market there are several 

types of commercial substrates, which have 

a good acceptability and are considered of 

good quality, but can represent a 

considerable increase in production cost, in 

contrast there is the possibility of using 

alternative substrates, formulated with 

products available on the property or in the 

region, thus reducing production costs 

without affecting the quality of the 

seedlings produced (Amorim, 2015). 

Almeida et al. (2020) and Cruz et al. (2016) 

working with seedlings of Handroanthus 

impetiginosus and umbuzeiro respectively, 

state that the use of alternative substrates 

makes the production of these seedlings 

viable. 

In this context, the objective of the 

present study was to evaluate the 

development of yellow passion-fruit 

seedlings in response to irrigation with 

saline water grown on different substrates. 

 

Material and Methods 

The experiment was developed in a 

protected environment with black shading 

with 50% shade, in the experimental area of 

the Aurora Seedling Production Unit, 

belonging to the University of Integration of 

Lusofonia Afro-Brasileira (UNILAB), on 

the Auroras campus, Redenção, Ceará. The 

region’s climate is of type BSh’, 

predominating very high temperatures and 

rainfall in the summer and autumn seasons 

(Alvares et al., 2013). Figure 1 shows the 

climatic data during the conduct of the 

experiment. 

 
Figure 1. Average values of temperature 

and relative humidity during the 

experimental period. 

 

The experimental design was entirely 

randomized, in a 2 × 5 factorial 

arrangement, consisting of two levels of 

electrical conductivity of irrigation water 

(0.3 and 3.0 dS m-1) and five substrate types 

(S1 = soil; S2 = sand, sandy soil, and bovine 

manure – 1:1:1; S3 = sand, sandy soil, and 

carbonized rice husk – 1:1:1; S4 = sand, 

sandy soil, and biochar – 1:1:1; S5 = sand, 

sandy soil, and vegetal ash – 1:1:1), with 

five repetitions. 

For cultivation, black polyethylene bags 

(19 × 21 cm) were used, filled with the 

respective substrates mentioned above. The 

sowing was performed with three seeds per 

bag, at a 2 cm depth. At 15 days after 

sowing (DAS) thinning was performed, 

leaving only one seedling per bag. 

Samples of the substrates were sent to 

the laboratory of the Federal University of 

Ceará (UFC), where the chemical attributes 

were determined, as shown in Table 1. 

The low-salinity water (0.3 dS m-1) used 

for irrigation came from the local water 

supply, provided by the Ceará Water and 

Sewage Company (CAGECE). The ECw 

level of 3.0 dS m-1 was obtained by adding 

sodium chloride (NaCl), calcium chloride 

(CaCl2.2H2O), and magnesium chloride 

(MgCl2.6H2O) to the supply water in the 

equivalent proportion of 7:2:1. The quantity 

of salts was determined using the 

relationship between ECw and its 

concentration (mmolc L-1 = EC × 10) 

according to Richards (1954). Irrigation 

with saline water began 20 DAS. 
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Table 1: Chemical characteristics of the substrates used 

Substrate 
OM N P Ca K Mg Na H + Al SB CEC V ECse pH 

--- g kg-1 ---- mg kg-1 ----------------- cmolc kg-1 --------------------------- % dS m-1 H2O 

S1 4.03 0.24 2 2.50 0.06 0.30 0.57 0.33 3.43 3.76 91 0.37 7.6 

S2 14.74 0.93 20 4.90 0.58 0.90 0.26 0.33 6.64 6.97 95 1.34 7.0 

S3 10.55 0.65 78 4.50 0.56 0.60 0.17 0.99 5.83 6.82 85 0.76 7.2 

S4 8.69 0.51 85 2.50 0.51 1.60 0.18 0.66 4.79 5.45 88 0.78 7.1 

S5 9.10 0.53 468 14.90 3.18 1.90 3.02 0.00 23.0 23 100 1.22 8.2 

S1 – soil; S2 – sand, sandy soil, and bovine manure (1:1:1); S3 – sand, sandy soil, and carbonized rice husk (1:1:1); 

S4 – sand, sandy soil, and biochar (1:1:1); S5 – sand, sandy soil, and vegetal ash (1:1:1); OM – organic matter; N 

– total nitrogen; P – phosphorus; Ca – calcium; K – potassium; Mg – magnesium; Na – sodium; SB – sum of bases 

(Ca2+ + Mg2+ + Na+ + K+); CEC – cation exchange capacity [Ca2+ + Mg2+ + Na+ + K+ + (H+ + Al3+)]; V – saturation 

of bases (Ca2+ + Mg2+ + Na+ + K+/CEC) × 100; ECse – electrical conductivity of the saturation extract. 

 

Irrigation management was performed 

using drainage lysimeter according to 

Bernardo et al. (2019). Daily irrigations 

were performed to raise the soil moisture to 

the field capacity. Taking into account a 

leaching blade of 15%, according to Ayers 

and Westcot (1989), the volume of water 

applied to the plants was determined 

according to Equation 1. 

 

VI = 
(Vp – Vd)

(1 – LF)
 

Where: VI – volume of water to be applied 

in the irrigation event (mL); Vp – volume of 

water applied at the previous irrigation 

event (mL); Vd – volume of drained water 

(mL); LF – leaching fraction, using the 

value of 0.15. 

 

The evaluations were performed when 

the seedlings reached their transplanting 

point at 65 DAS. According to Gontijo 

(2017), the transplanting should be 

performed when the seedlings present a 

height from 15 to 30 cm. Seedlings were 

measured for number of leaves (NL), by 

directly counting the leaves; seedling height 

(SH, in cm), using a graduated ruler, 

measuring from the base to the apex of the 

seedling; stem diameter (SD, in mm), using 

a digital caliper, measuring at one 

centimeter height from the substrate; root 

length (RL, in cm), using a graduated ruler, 

measuring from the insertion of the main 

root at the base of the foliage to the root 

apex; leaf area (LA, cm2), using a portable 

leaf area meter (LI-COR Biosciences, Inc.; 

Lincoln, Nebraska, USA). 

For biomass evaluation, seedling 

samples were identified according to the 

treatments and packed in paper bags. 

Afterwards, they were placed for drying in 

a forced air circulation oven at 60°C for 72 

h. Then the shoot dry matter (SDM, in g) 

and the root dry matter (RDM, in g) were 

determined using an analytical balance. 

With the sum of the SDM and RDM data 

the total dry matter (TDM, in g) was 

obtained. 

After plant collection, soil samples were 

also collected from each pot to evaluate 

hydrogen potential (pH) and the electrical 

conductivity of the saturation extract 

(ECse), using the methodology of Richards 

(1954). 

From the previous evaluations, the 

Dickson quality index (DQI) was evaluated 

according to Equation 2 (Dickson et al., 

1960). 

 

DQI = 
TDM (g)

SH (cm)
SD (mm)

 + 
SDM (g)
RDM (g)

 

 

The data were subjected to analysis of 

variance (ANOVA) by the F test, and the 

means were compared with Tukey’s test at 

p ≤ 0.05, using the Assistat computer 

program. 7.7 Beta (Silva and Azevedo, 

2016). 

 

 

(1) 

(2) 
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Results and Discussion 

The analysis of variance showed a 

significant effect (p ≤ 0.01) for the 

interaction between levels of electrical 

conductivity of the irrigation water (ECw) 

and substrate types for seedling height (SH) 

and stem diameter (SD) of passion-fruit 

seedlings (Table 2). The substrate types 

significantly influenced (p ≤ 0.01) leaf area, 

root length, and number of leaves in 

addition to SH and SD. ECw levels 

significantly affected (p ≤ 0.05) only 

number of leaves. 

The follow-up analysis on the interaction 

of the SH (Figure 2A), there was no 

significant difference for S1, S3, S4, and S5 

substrates among the studied ECw. The SH 

values were statistically highest using S2 

substrate, regardless of ECw. ECw levels 

provided values of 37.12 and 22.70 cm 

under cultivation without salt stress (ECw 

0.3 dS m-1) and under salinity (ECw 3.0 dS 

m-1), respectively. 
 

 

Table 2: Summary of the analysis of variance for seedling height (SH), stem diameter (SD), 

leaf area (LA), root length (RL), and number of leaves (NL) as a function of the levels of 

electrical conductivity of the irrigation water (ECw) and substrate types (ST) 

SV DF 
Mean square 

SH SD LA RL NL 

ECw 1 80.39ns 0.02ns 240.67ns 9.59ns 8.82* 

ST 4 671.88** 5.11** 9738.69** 266.19** 31.47** 

ECw × ST 4 118.08** 0.69** 435.23ns 8.95ns 2.47ns 

Residue 40 22.62 0.10 171.61 15.42 1.80 

CV (%) - 29.90 13.14 31.15 16.78 15.28 
SV – source of variation; DF – degree of freedom, CV – coefficient of variation; ** and * significant at p ≤ 0.01 

and p ≤ 0.05, respectively, and ns – not significant by F-test. 

 

 
S1 – soil; S2 – sand, sandy soil, and manure; S3 – sand, sandy soil, and carbonized rice husk; S4 – sand, sandy 

soil, and biochar; S5 – sand, sandy soil, and vegetal ash. Lowercase letters compare the means of the ECw levels 

in each substrate type, and uppercase letters compare the means of the substrate types in each ECw level by the 

Tukey’s test (p ≤ 0.05). 

Figure 2: Follow-up analyses of the interaction between levels of electrical conductivity of the 

irrigation water (ECw) and substrates types for seedling height (A) and stem diameter (B) of 

passion-fruit seedlings. 

 

The greater performance of the seedlings 

in the S2 substrate associated without salt 

stress may be related to the presence in high 

quantity of organic matter, i.e., offering 

stimulants capable of inducing plant growth 

(Salles et al., 2017), contributing even 

under conditions of higher salinity, as 

comparing the substrates only under salt 

stress, S2 provided the best response. 
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These results corroborate those found by 

Almeida et al. (2020) working with 

Handroanthus impetiginosus seedlings in 

substrates with organic compost and 

irrigated with low salinity water. Similar to 

the data presented in this study, Ramos et al. 

(2022) studying passion-fruit seedlings 

observed a reduction in their height due to 

the increase in the ECw. 

As for the follow-up analysis on the 

interaction of the stem diameter (SD), the 

S2 substrate associated with the use of water 

of lower salinity (ECw 0.3 dS m-1) 

promoted higher mean (3.90 mm) than the 

other substrates (Figure 2B). Under salt 

stress (ECw 3.0 dS m-1), the means obtained 

according to S1, S2, and S4 substrates did 

not significantly differ, but S3 substrate was 

statically equal to the S1 and S4. 

The higher value of SD in the S2 

substrate are possibly linked to the 

nutritional contribution of organic matter 

that releases essential nutrients such as 

nitrogen, phosphorus, and potassium, which 

are fundamental for the development of the 

seedling stem diameter (Silva et al., 2020). 

When irrigated with water of higher 

salinity, organic matter promotes a better 

adjustment of the osmotic potential of the 

soil, showing a greater development of 

crops (Sousa et al., 2018). 

Similar to the SH and SD, the S2 

substrate promoted higher mean of leaf area 

(92.06 cm2) than the other substrates 

(Figure 3A). This result is related to the 

greater presence of nitrogen in this 

substrate, evidencing greater leaf 

expansion. Similar results were verified by 

Silva et al. (2019) working with yellow 

passion fruit tree in substrates with bovine 

manure as a source of organic matter. 

 

 
S1 – soil; S2 – sand, sandy soil, and manure; S3 – sand, sandy soil, and carbonized rice husk; S4 – sand, sandy 

soil, and biochar; S5 – sand, sandy soil, and vegetal ash. Lowercase letters compare the means by the Tukey’s test 

(p ≤ 0.05). 

Figure 3: Leaf area (A) and root length (B) of passion-fruit seedlings as a function of the 

substrate types. 

 

For root length (Figure 3B), the S5 

substrate showed the lowest value (14.52 

cm), differing from the other substrates. 

This may be associated with the 

accumulation of salts present in this S5 

substrate type, presented in Table 1. The 

presence of salts in the soil reduces the 

osmotic potential of the soil, consequently 

there is a greater difficulty in the absorption 

of water by the roots (Rodrigues et al., 

2020). Similar trends to this study were 

found by Mendonça et al. (2021) when 

using carnauba bagasse as substrate for root 

length in passion-fruit seedlings. 

For the number of leaves (Figure 4A), 

the S1, S2 and S4 substrates showed better 

results, but S3 substrate was statically equal 

to the S1 and S4. Similar results were found 

by Silva et al. (2020) working with tamarind 

seedlings grown in substrates based on 

bovine manure. There was a significant 

decrease of 9.13% in number of leaves with 

salinity (ECw 3.0 dS m-1) compared to the 

control (ECw 0.3 dS m-1) (Figure 4B). 
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This reduction in the number of leaves as 

the salinity of the irrigation water increased 

is linked to the process of inhibition of leaf 

emission, which is a plant adaptation 

mechanism to minimize water loss through 

transpiration (Freitas et al., 2021). Diniz et 

al. (2018) found that in papaya seedlings 

there was a reduction in the number of 

leaves with increasing salinity. Similar 

results were also found by Melo Filho et al. 

(2017) working with pitombeira seedlings, 

where they observed a negative effect of 

salinity on the number of leaves. 

The interaction between ECw and 

substrate types significantly affected (p ≤ 

0.01) the shoot dry matter (SDM), root dry 

matter (RDM), total dry matter (TDM), 

Dickson quality index (DQI), and electrical 

conductivity of the saturation extract of the 

substrate (ECse). The isolated effects of 

ECw levels and substrate types significantly 

affected (p ≤ 0.01) the pH (Table 3). 

 
S1 – soil; S2 – sand, sandy soil, and manure; S3 – sand, sandy soil, and carbonized rice husk; S4 – sand, sandy 

soil, and biochar; S5 – sand, sandy soil, and vegetal ash. Lowercase letters compare the means by the Tukey’s test 

(p ≤ 0.05). 

Figure 4: Number of leaves of passion-fruit seedlings as a function of the substrate types (A) 

and electrical conductivity of irrigation water (B). 

 

Table 3: Summary of the analysis of variance for shoot dry matter (SDM), root dry matter 

(RDM), total dry matter (TDM), Dickson quality index (DQI), pH, and electrical conductivity 

of the saturation extract (ECse) as a function of the levels of electrical conductivity of the 

irrigation water (ECw) and substrate types (ST) 

SV DF 
Mean square 

SDM RDM TDM DQI pH ECse 

ECw 1 0.26* 0.62** 1.69** 0.00002ns 17.88** 107.98** 

ST 4 4.40** 1.97** 12.26** 0.10** 0.59** 6.58** 

ECw × ST 4 1.27** 1.03** 4.55** 0.05** 0.04ns 3.51** 

Residue 40 0.06 0.07 0.16 0.007 0.01 0.25 

CV (%) - 34.8 35.43 31.32 30.70 3.33 22.35 
SV – source of variation; DF – degree of freedom, CV – coefficient of variation; ** and * significant at p ≤ 0.01 

and p ≤ 0.05, respectively, and ns – not significant by F-test. 

 

Similar to the SH, SD, and leaf area, the 

S2 substrate promoted higher means of 

SDM (Figure 5A), RDM, (Figure 5B), 

TDM (Figure 5C), and DQI (Figure 5D) 

than the other substrates under cultivation 

without salt stress (ECw 0.3 dS m-1). The 

high content of organic matter provided 

greater water retention and better uptake of 

nutrients such as nitrogen. 

Similar to the present study for SDM 

(Figure 5A), best results were obtained with 

substrates containing organic compost for 

growing seedlings of umbuzeiro (Cruz et 

al., 2016) e Handroanthus impetiginosus 

(Mart. ex DC) (Almeida et al., 2020). 
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S1 – soil; S2 – sand, sandy soil, and manure; S3 – sand, sandy soil, and carbonized rice husk; S4 – sand, sandy 

soil, and biochar; S5 – sand, sandy soil, and vegetal ash. Lowercase letters compare the means of the ECw levels 

in each substrate type, and uppercase letters compare the means of the substrate types in each ECw level by the 

Tukey’s test (p ≤ 0.05). 

Figure 5: Follow-up analyses of the interaction between levels of electrical conductivity of the 

irrigation water (ECw) and substrates types for shoot dry matter (A), root dry matter (B), total 

dry matter (C), and Dickson quality index (D) of passion-fruit seedlings. 

 

For the results of RDM (Figure 5B), 

similar results were found with organic 

substrates for growing seedlings of 

Handroanthus impetiginosus (Mart. ex DC) 

(Almeida et al., 2020) e passion-fruit 

(Paixão et al., 2021). The TDM (Figure 5C) 

was also influenced by organic compost. 

Likewise, substrate containing bovine 

manure promoted higher means in the work 

by Moreira et al. (2015) for growing 

seedlings of guapuruvú (Schizolobium 

parahyba (Vell.) S. F. Blake). 

For Dickson’s quality index (Figure 5D), 

the association between the substrate 

containing manure (S2) and low salinity 

water showed the highest mean value 

(0.41). Similar trend was observed for the 

association between the substrate 

containing biochar (S4) and the water of 

higher salinity, with the value of 0.29. 

The use of organic matter aims to 

provide greater water and nutrient retention 

for the seedlings (Caldeira et al., 2008). 

Thus, bovine manure becomes an 

alternative to compose the substrate for the 

production of seedlings under lower 

salinity. Under higher conductivity due to 

its adsorption capacity, biochar is able to 

make plants minimize sodium uptake 

through transient binding with Na+, causing 

less osmotic stress (Akhtar et al., 2015). 

Similar results were observed by 

Almeida et al. (2020) in seedlings of 

Handroanthus impetiginosus, in which the 

highest DQI was observed in the substrate 

containing organic compost irrigated with 

low salinity water. Melo Filho et al. (2017) 

observed a decrease in DQI due to the 

increase in salinity of irrigation water in 

pitombeira seedlings. 

Figure 6A shows that the pH was 

decreased in all substrates used at the end of 

the experiment compared to the initial 

values (Table 1). The S1 substrate was 

statistically highest to the other substrates. 

This result may be associated with the 

leaching of basic cations from the substrate 

through irrigation, favoring higher 

 

 

 

 

 

D. 
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concentrations of H+ and Al3+ ions, thus 

causing acidity in the substrates. Oliveira et 

al. (2008) evaluating the use of green 

coconut powder as an alternative substrate 

for the production of eggplant seedlings 

observed that after cultivation, there were 

reductions in the pH of all substrates used. 

As shown in Figure 6B, there was a 

32.87% increase in pH as the electrical 

conductivity of irrigation water increased. 

The results obtained in the present study 

differ from those found by Dias et al. (2015) 

working with yellow passion fruit and by 

Pereira Filho et al. (2017) working with 

cowpea, where they found that increasing 

the ECw provided a lower value of soil pH. 

 

 

 

 
S1 – soil; S2 – sand, sandy soil, and manure; S3 – sand, sandy soil, and carbonized rice husk; S4 – sand, sandy 

soil, and biochar; S5 – sand, sandy soil, and vegetal ash. Figures A and B – lowercase letters compare the means 

by the Tukey’s test (p ≤ 0.05). Figure C – lowercase letters compare the means of the ECw levels in each substrate 

type, and uppercase letters compare the means of the substrate types in each ECw level by the Tukey’s test (p ≤ 

0.05). 

Figure 6: pH of the substrates as a function of substrate types (A) and electrical conductivity of 

irrigation water – ECw (B) and follow-up analyses of the interaction (substrate types and ECw) 

for electrical conductivity of the saturation extract (ECse) of the substrates (C). 

 

The highest values of the electrical 

conductivity of the saturation extract of the 

substrates were obtained in the treatments 

irrigated with water of higher salinity, 

regardless of the substrate (Figure 6C). The 

increase in ECse due to higher ECw, is due 

to deposition of salts in the soil through 

irrigation water (Souza et al., 2019). Similar 

results were found by Pereira Filho et al. 

(2017) in which increasing the electrical 

conductivity of irrigation water increased 

the electrical conductivity of the saturation 

extract. 

 

Conclusions 

The S2 substrate containing sand, sandy 

soil, and bovine manure in its composition 

provides higher performance of seedling 

height, stem diameter, shoot dry matter, 

root dry matter, and total dry matter, 

associated with low salinity water. In 

addition to providing better quality 

seedlings. However, its performance 

reduced dramatically under high salinity 

conditions. 

The soil (S1) and S2 substrates had 

higher electrical conductivity of the 

saturation extract for the higher 

conductivity water. 

 

 

 

 

 
C. 
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