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Abstract

Spondias tuberosa is a fruit tree species and its production is exploited by extractivism. The expansion of the
planted area may be favored by using irrigation with saline water. Thus the objective of the present study was to
assess the initial growth of S. tuberosa plants irrigated with saline water. The study was carried out in 12 L pots
containing substrate composed of oxisol, sand and manure at 3:1:0.5. Respectively, in a greenhouse at the State
University of Goias, Campus Ipameri, Brazil. A completely randomized design was used with five treatments
and six replications consisting of S. fuberosa plants irrigated with water with electric conductivity of 0 dS m™; 2
dSm'; 4 dS m'; 6 dS m'and 8 dS m™ for 40 days. The growth of the S. tuberosa plants was significantly
affected by the salinity of the irrigation water. The plants did not show visible symptoms of toxicity but the
saline conditions were enough to reduce the start of new leaves and growth as a whole. The expressive effect of
salinity on dehydration of S. tuberosa plants, manifested by the low relative water content, transpiration and
accentuated leaf fall, indicated that using saline water on S. tuberosa plants at the initial growth stage may result
in significant delay in development and may influence the adult plant.
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1. Introduction

Brazil is the third fruit producer in the world, second only to China and India. The Brazil especially for directly
fruit production and juice and nectar industrialization and export. The Brazilian fruit cropping sector is important
socially and economically because it employs about 5 million people, 16% of the total of jobs in agribusiness
(ABF, 2018). The continental extension allows cropping of different native and/or domesticated fruit species, but
in spite of the positive numbers, the segment could generate more wealth by exploiting commercially native
species of Spondias tuberosa (locally known as imbu) (Nunes et al., 2018).

The S. tuberosa is a fruit much appreciated in markets in several states and consumed directly in the natural or
processed form “umbuzada”, sweets, preserves and ice cream, and has attracted the interest of fruit pulp
processing industries and generated income for family agriculture (Rodorff et al., 2018). The demand for the
fruit is large and it is consumed in several states of Brazil and also reaches market niches in Europe (Lima, Silva,
& Oliveira, 2018), however, production is obtained extractivistically in native plants. Generating basic
agronomic information can encourage commercial plantings and increase the profitability of several families.

The S. tuberosa is a plant tree belonging to the family Anacardiaceae, native to the semiarid regions of the
Brazilian Northeast, and is found throughout the drought polygon in Brazil (Lima et al., 2018). It develops well
in regions with low rainfall, ranging from 400 to 800 mm. It is a tree approximately 7 m tall and the canopy is up
to 12 m in diameter. The plant is xerophile and deciduous, adapted to heat and soils with different fertility levels
and agricultural suitability (Mertens et al., 2017; Paula et al., 2012).

The S. tuberosa plant has an important water storage structure, the xylopodium, that consists of a woody tuber
important for the species to overcome the dry period (Lins Neto et al., 2010). Furthermore, the plants loose
leaves during the dry period and minimize leaf transpiration. In spite of its drought tolerance it is coherent to
state that yield is increased with adequate water availability (Antunes et al., 2016). Brazil has potential and
perspective to double the irrigated area by 2026 (Irrigo, 2017).

The expansion of the planted area will certainly coincide with the development of technologies that ensure
profitable yield and the use of irrigation may represent a fundamental practice for the agricultural success of the
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S. tuberosa, but the frequency of reservoirs with low quality water should be taken into consideration when
setting up the orchard. Irrigation with saline water is the reality in semiarid regions where quality water is not
available for agriculture (Lopes, Lima, & Klar, 2012). Salinity causes drop in crop yields due to the osmotic,
toxic and/or nutritional effects (Negrao Schmdckel, & Tester, 2017; Zorb, Geilfus, & Dietz, 2018). According to
Shannon and Grieve (1998), water electric conductivity equal or greater than 4 dS m™ drastically reduces plant
growth. However, electric conductivity less than 4 dS m™ may not cause significant negative effects.

Adopting new management practices may be an important alternative in the setting up and conducting of new
orchards and alter the present scenario a few commercial plantations with production obtained almost
exclusively by extractivism (Costa et al., 2015). The main difficulties found for setting up commercial S.
tuberosa plantations include little agronomic knowledge of the species, elucidation of the initial seedling growth
and the extensive juvenile period. The need to adopt innovative management practices in order to contribute to
the generation of knowledge and boost the interest in commercial crops of the umbuzeiro crop is of fundamental
importance. The present study aimed to evaluate the initial growth of umbuzeiro plants irrigated with saline
water.

2. Material and Methods
2.1 General Information

The study was carried out at the State University of Goias, Campus Ipameri, Brazil, 17°43'19" latitude south and
48°09'35" longitude west, altitude 764 m. This region has a tropical climate with a dry winter and wet summer
(Aw) according to the Koppen classification. The average temperature of this region is 20 °C (Alvares et al.,
2013). The seeds were sown in 12 L pots on a bench in a greenhouse covered with transparent plastic and the
sides had shading screening that intercepted 50% of the solar radiation.

The seedlings were produced using mechanically scarified seeds and placed to germinate on sand. At 10 days
after emergence (DAE) they were selected and transplanted to nursery beds. At 60 DAE they were transplanted
to polyethylene pots containing substrate consisting of red-yellow latosol, sand and manure at 3:1:0.5,
respectively. After chemical analysis of the soil, liming and fertilizer were carried out according to
recommendations by Cruz, Andrade, and Feitosa (2016).

2.1 Experimental Design

The experiment was set up in a completely randomized design with five treatments and six replications
consisting of 250-day-old Spondias tuberosa plants irrigated with water with electric conductivity of 0 dS m™; 2
dSm”';4dSm”; 6 dS m'and 8 dS m™ for 40 days. The electric conductivity levels of the irrigation water were
obtained using NaCl and measured by a bench conductivity meter. The seedlings were irrigated daily and the
volume of water was determined by the difference in the mass of the pots based on the substrate water retention
capacity as described by Sa et al. (2017). The following analyses were carried out forty days after the start of the
treatments: plant height, stem diameter, number of leaves, total biomass, total transpiration, relative water
content and leaf sodium concenration.

2.2 Growth Variables

Plant height was measured from the root-stem transition region at soil level (crown) to the tip of the stem using a
graded rule. The stem diameter was measured at the crown with a digital pachymeter. The number of leaves was
obtained by counting. The leaf area and root area were determined using the equipment LI-3100 Area Meter,
LI-COR, USA. The destructive analyses were made with the roots, xylopodiums, stems and leaves separated and
placed in a chamber at 72 °C to dry until they reached constant dry matter and were weighed. The dry matter data
were used to calculate the root mass ratio (RMR), stem mass ratio (RMC), leaf mass ratio (RMF) and total
biomass.

2.3 Transpiration

The total daily transpiration of the plant was determined from the difference in the mass of the pots. The set of
pots with plants were placed in individual plastic bags fixed with a rubber band at the stem of the plant, leaving
the canopy (leaves and stem) exposed. The pots were weighed at 12 o’clock (mass 01) and again 24 hours later
(mass 02). The total transpiration was estimated based on the difference between mass 01 and mass 02 (Dos
Anjos et al., 2017).
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2.4 Relative Water Content (TRA)

To obtain the relative water content, ten 12 mm leaf discs were removed, weighed and placed for four hours to
saturate in petri dishes with distilled water. The discs were again weighed and placed to dry at 70 °C for 72 h to
obtain the dry matter weight.

2.5 Photosynthetic Pigments

To determine the total chlorophylls and carotenoids concentrations, 0.6mm diameter leaf discs were removed
from completely opened leaves and placed in test tubes containing dimethyl sulfoxide (DMSO). Then extraction
was carried out in a water bath at 65 °C for one hour. Aliquots were removed for spectrophotometric reading at
480, 646 and 665 nm. The contents of chlorophyll a (Cl a), chlorophyll b (CI b) and total carotenoids (Car) were
determined according to the equation proposed by Wellburn (1994).

2.6 Sodium and Calcium Leaf Concentrations

The sodium and calcium leaf concentrations were determined by removing three folioles from the third pair of
completely opened leaves and squashed in 5 mL distilled water in a pestle and mortar and aliquotes were
removed from the solution obtained for reading in a portable sodium analyzer (LAQUAtwin) and the values
were obtained in parts per million (ppm).

2.7 Statistical Procedures

An analysis of variance and a linear and quadratic regression were performed and in the cases of significance of
regression by the F test, the coefficient of determination (R?) was calculated by the ratio of the sum of the
squares of the regression over the total sum of squares. Multivariate analysis was carried out using principal
component analysis in an analysis of multivariate permutational variance (PERMANOVA) (Anderson, 2001).
The statistical analysis and the regression graphs were performed using the softwares R 3.4 (R Core Team, 2018)
and SigmaPlot 10.0 (Systat Software, 2006).

3. Results and Discussion

Table 1 shows the summary of the analysis of variance and significance of regression for stem diameter, leaf area,
plant height, transpiration, total biomass, number of leaves and root area. All the variables analyzed presented
significant differences at 5% probability by the F test and the lowest values were obtained in plants irrigated with
water with higher electric conductivity. Only the leaf area and the root system area did not fit the linear and
quadratic regression models.

Table 1. Summary of analysis of variance and mean test in S. fuberosa plants cultivated under different electrical
conductivities (0; 2; 4; 6; 8 dSm™)

Mean square

Source of variation DF

SD LA PH E PB NF AR
Doses 4 12.9* 3.88* 1233.1* 55.99* 0.30* 0.40 0.76*
Error 25 3.37 1.39 460.10 18.14 0.15 0.30 0.22
CV (%) 11.17 24.37 17.88 13.60 10.96 23.32 16.86

Regression Analysis

Linear * ns * * * * ns
Quadratic ns ns ns ns ns ns ns

Note. SD = stem diameter; LA = leaf area; PH = plant height; E = transpiration; PB = plant biomass; NF =
number of leaves; AR = area of the root. ** significant at 1% probability and * significant at 5% probability by
the F test.

Table 2 shows the summary of the analysis of variance and significance of the regression for sodium and calcium
content, leaf mass ratio, stem mass ratio, root mass ratio, carotenoids, total chlorophyll and relative water content.
Only sodium content and relative water content presented significant difference by the F test and fitted the linear
regression model.
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Table 2. Summary of analysis of variance and mean test in plants of Spondias tuberosa cultivated under different
electrical conductivities (0; 2; 4; 6; 8 dS m'l)

Mean square

Source of variation =~ DF

Na Ca LMR SMR RMR Car Chl a+b RWC
Doses 4 1.88* 2318.61™ 0.002™ 0.002™ 0.001™ 0.25™ 2.28™ 0.54*
Error 25 1.26 484.60 0.002 0.001 0.001 0.39 2.59 0.34
CV (%) 22.18 30.56 24.95 8.92 8.80 37.06 23.47 23.76
Regression Analysis
Linear * ns ns ns ns ns ns *
Quadratic ns ns ns ns ns ns ns ns

Note. Na = sodium; Ca = calcium; LMR = leaf mass ratio; SMR = stem mass ratio; RMR = root mass ratio; Car
= carotenoids; Chl a + b = total chlorophyll; RWC = relative water content. ** significant at 1% probability and
* significant at 5% probability by the F test.

Plant height, biomass, number of leaves, stem diameter, transpiration, and relative water content presented
decreasing linear fit as the electric conductivity increased, as shown in Figure 1. S. tuberosa plant growth was
significantly affected by the salinity of the irrigation water. The plants did not present visual symptoms of
toxicity but the data showed a marked effect of the solutes in reducing the water potential and consequently less
soil solution absorption at a magnitude sufficient to reduce the start and growth as a whole, manifested in the
reduced biomass under severe saline conditions. According to Santos et al. (2018) the start and development of
the first leaf depend on the water status of the plant. Reduction in water absorption promotes alteration in the
formation and development of new leaves.

The reduction in transpiration and relative water content indicated that the S. tuberosa plants had difficulty in
absorbing water due to the low water potentials because of the salinity of the irrigation water. Water loss is
minimized at the cost of stomata closure and concomitantly by limiting CO, inflow, assimilate production and
biomass accumulation Reduction in biomass accumulation under saline stress conditions is common in several
species and is an important survival mechanism, because bigger biomass requires higher energetic expenditure to
preserve the cell metabolism (Souza et al., 2015).

Reduction in the number of leaves minimizes water loss by transpiration and allows the plant to delay and
guarantee immediate survival. However, in the present study, it was observed that the tolerance of the S. tuberosa
to drought was not associated with maintained hydration, but possibly to protoplasmatic tolerance because it is
an anhydrous plant that does not maintain a stable water content in the period of water limitation.
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Figure 1. Regression equations for plant height (Y = 139.00 — 4.7547x, R* = 0.70**), stem diameter (Y =
18.4085 — 0.4616x, R* = 0.70**), number of leaves (Y = 34.9725 — 1.9082x, R* = 0.71**), plant biomass (Y =
23.8820 — 1.1517x, R* = 0.80**), transpiration (Y = 0.4419 — 0.0175x, R* = 0.75**) and relative water content

(Y = 81.4656 — 4.2649x, R* = 0.71**) of S. tuberosa plants irrigated with water with different electric
condutivity (0; 2; 4; 6; 8 dS m'l)

Note. ** significant at 1% probability by the F test.

The principal components analysis and sodium content in the S. fuberosa leaves are shown in Figura 2. The
principal component analysis aggregated 88% of the variables of the data on axes I and II. Two groups were
formed and the determining variables were leaf area and root area. The first group consisted of plants irrigated
with zero electric conductivity, to the left of axis 1 while the second group was formed by the plants irrigated
with water with 2 dS m™ to 8 dS m™ electric conductivity to the right of axis 1. These results indicated that the
growth of S. tuberosa plants at the initial development stages presented sensitivity to salinity with visual
symptoms of leaf fall.

The increasing linear fit of the regression to the sodium content with the increase in electric conductivity of the
irrigation water indicated that the S. tuberosa plants did not use mechanisms that included or minimized sodium
absorption. According to Dos Anjos et al. (2017) activation of H'-ATPase of the root plasmatic membrane helps
to reduce sodium absorption by alterations in the calcium cytosolic concentration. Absence of differences in
calcium leaf concentrations indicated that the Ca** did not activate the sodium detoxification mechanism present
in the plasmatic membrane as reported by Taiz et al. (2017). In addition, it is pointed out that the increase in leaf
sodium content did not present visual symptoms or influence the photosynthetic pigment concentration, and
therefore, appears not to have been toxic. Thus the plant may have compartmentalized the sodium in the vacuole
as a means of protecting the photosynthetic machinery.
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Figure 2. Principal Component Analysis and Regression Equation for Sodium (Y = 3.7667 + 0.6531x, R* =
0.70**) in S. tuberosa plants irrigated with water with different electrical conductivities (0; 2; 4; 6; 8 dS m™).
The arrows indicate the directions in which the variables increase in relation to the axis

Note. ** significant at 1% probability by F test.

The significant growth reduction, specifically in biomass accumulation and the expressive effect of the salinity
on dehydration of S. fuberosa plants manifested by the low relative water content, transpiration and accentuated
leaf fall indicated that saline water should be used with caution on S. fuberosa plants at the initial growth stage,
because the plant may present significant delay in development that may influence the adult plant.

4. Conclusions

The S. tuberosa plants at the initial stage of development were sensitive to salinity.

The use of saline water reduced the plant growth of S. tuberosa plants and may damage adult plant development.
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