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Abstract

The processes of using the environment and natural resources are increasingly necessary and present in human
society. These processes can result in environmental degradation. A recovery strategy for an area that has
undergone environmental degradation is revegetation. For the successful establishment of a plant species, the
environment must have adequate water and nutritional conditions. The objective of this work was to study the
effect of water and nutritional management on the survival, growth, and morphophysiological conditions of plants
used in the revegetation of remaining sand and clay extraction areas. The experiment was carried out in a sand loan
extraction loan area and a clay loan extraction loan area, both in the coastal region of the municipality of Sao
Mateus, Espirito Santo, Brazil. The experimental design was a randomized block with three replications in a
split-plot scheme, using methods of water management in the plots and doses of fertilization (0.000 kg, 0.072 kg,
0.144 kg, 0.288 kg and 0.576 kg) in the pits in the subplots. In both areas, five different species of native plants
were used: Aroeira (Schinus terebinthifolius Raddi), Caja Mirim (Spondias mombin L.), Goiaba do Ipiranga
(Psidium cattleianum Sabine), Inga Mirim (Inga laurina (Sw.) Willd.) and Murta de Restinga (Mouriri guianensis
Aubl.). The plants used in the experiment were evaluated for growth, survival, leaf attributes, and chlorophyll a
fluorescence. The water management method and the fertilization of the pit had a significant effect on the
development of the species evaluated in both areas, acting on the survival rate, growth, morphology and
physiology of the plants.

Keywords: aroeira, chlorophyll a fluorescence; coastal tableland; restinga; leaf attributes; recovery of
mining-degraded areas

1. Introduction

The preservation of the environment has been continuously increasing in the daily lives of human society. Brazil
has become worldwide notorious for its biodiversity and the size of its native reserves. Much of the degradation of
the Brazilian environment is the result of the exploitation of natural resources, with fossil fuels being the most
important and most exploited by human society, especially oil (dos Santos, 2012)

The processes of environmental degradation affect different environments at different intensities, and each
scenario has a particularity that impairs the process of environmental recovery. The degraded area is a concept that
refers to anthropogenic alterations caused in a natural environment (Corréa, 1998). These areas have low nutrient
availability, low water retention capacity, and high soil compaction, which are characteristics that make the
environment unsuitable for plant development and hamper the natural regeneration process (Felfili et al., 2008).

Water is the most limiting environmental factor for plant development, as it alters plant metabolism, causing losses
in production, being the main cause of losses in forest productivity (Flexas et al., 2002). When subjected to
conditions of limited water supply, plants change their physiological and morphological processes, influencing
their ability to tolerate adverse environmental conditions (Pimentel, 2005). Plant growth and development,
whether at the beginning, middle, or end of the cycle, are impaired under the condition of water deficit (Taiz et al.
(2017).
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Some technologies minimize the effect of damage caused by the lack of water and may contribute to the recovering
process of degraded areas. Hydro-retaining polymers or hydrogels are macromolecules with segments of
hydrophilic groups that can absorb and retain liquids (Monteiro Neto et al., 2017). When incorporated into the soil,
the hydro-retainer improves its physical and chemical properties, especially in aeration, retention, and availability
of water and soluble nutrients (EI-Asmar et al., 2017). As a result, the hydrogel reduces the effects of water deficit
and promotes greater nutrient absorption, thus contributing to better plant growth (Navroski et al., 2014).

Soil fertility is also crucial for the success of revegetation in a degraded area. For the adequate development of the
inserted species, it is necessary to correct fertility (fertilization), which is more accentuated in the early stages of
development (Almeida et al., 2016). The biological differences between the species used in the revegetation
processes provide different nutritional needs, so it is necessary to individually assess the response of each species
to the given nutrition (Silva et al., 2017).

The morpho-functional characteristics of plants respond directly to changes in the environment and can be used as
parameters to assess establishment and performance in a revegetation area. Photosynthesis is the most important
physiological event for a plant and all biological processes depend on it, according to Taiz et al. (2017), the
environmental conditions in which a plant is found directly influence the photosynthetic performance of a plant.

In addition to physiological changes, environmental conditions, directly or indirectly, act on the structure of plants,
modifying their morphology. These changes can be directly observed by evaluating the structures of the affected
plant, or indirectly by evaluating the physiological processes that are affected (Yusuf et al., 2010). Transient
chlorophyll a fluorescence is a technique widely used in the physiological assessment of plant individuals (Stirbet,
2011), as it provides several parameters and enables the observation of specific points in the photosynthetic
electron transport chain.

Another alternative for evaluating the performance of individuals in an area of revegetation is the study of the
morphological characteristics of the plants. The leaf tissue of a plant, in most cases, makes up the majority of the
individual, so evaluations that use this tissue cause little damage to the plants and allow new evaluations.

The objective of this work was to study the effect of water and nutritional management on the survival, growth, and
morphophysiological conditions of plants used in the revegetation of remaining areas of sand and clay extraction.

2. Methodology
2.1 Characterization of the Experimental Areas

The experiment was carried out from April to November 2019. The plants were evaluated in two locations with
different soil origins, a sand native area, and a clay native area. The areas provide the raw material for the
construction and maintenance of the road system, in addition to the construction of well-bases in the oil
exploration areas in the region of Sdo Mateus, Espirito Santo state, Brazil. The region’s climate is defined as Aw,
according to Koppen’s international classification, hot and humid tropical, with two well-defined seasons, a dry
season in autumn/winter and rainy in spring/summer, with an average temperature of 24 °C (Alvares et al., 2014).

The clay loan area is located in a coastal tableland, 14.3 kilometers from the coast with a current extraction area of
three hectares. The sand loan area is located in the Restinga area, 11.3 kilometers from the coast with a current
extraction area of 3.88 hectares. After the extraction of the material of interest, a place denominated the bottom of
the pit is formed, which is characterized by being the lowest part of the terrain, and the experiments were
implemented in these places. The physicochemical soil attributes of the areas are expressed in tables 1, 2, and 3.

Table 1. Soil physical characteristics in clay and sand loan areas in the 0-20 and 20-40 cm layers

Area Depth Coarse sand Fine sand Total sand  Silt Clay  Textural classification
---- cm ---- g kg']
Clay 0-20 282 116 398 122 480 Clayey
20-40 308 130 438 102 460 Clayey
Sand ””””””” 020 910 46 956 4 40  Clayey
20-40 774 92 866 74 60 Sandy
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Table 2. Soil physical characteristics in clay and sand loan areas in the 0-20 cm layer

Area pH O.M. P K Ca Mg
S — mg dm™ cmol, dm™ ----------

Clay 4.60 4.73 0.69 8.75 0.26 0.21

Sand 5.48 5.21 34.25 9.00 0.14 0.03

Area Al H+Al SB T A% M

cmol, dm™ %
Clay 0.68 2.20 0.59 2.79 20.45 55.42
Sand 0.10 3.50 0.20 3.70 8.80 21.37

Note. M.O.: organic matter; P: phosphorous content in the soil; K: potassium content in the soil; Ca: calcium
content in the soil; Mg: magnesium content in the soil; Al: aluminum content in the soil; H+Al: soil hydrogen and
aluminum content; SB: sum of bases; T: cation exchange capacity; V: base saturation; M: aluminum saturation.

Table 3. Soil water characteristics in clay and sand loan areas

Area Field capacity (em® cm™)  Permanent wilting point (cm® cm™)
Clay (0-20) 0.6871 0.1953
Clay (20-40) 0.4394 0.1580
Sand 0.1738 0.0502
2.2 Meteorological Data

Meteorological data were obtained from a Davis 6162 Wireless Vantage Pro2 Plus weather station, located in flat
terrain at 1400 meters from the clay loan area and 8300 meters from the sand loan experimental area. The
information used in this paper corresponds to April to November 2019 (Figures 2, 3, 4, and 5), the period when the
experiment was conducted.
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Figure 1. Maximum and minimum daily air temperatures (°C) in clay and sand loan areas
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Figure 4. Daily rainfall (mm) and daily reference evapotranspiration (mm day™") in the clay and sand loan areas

2.3 Experimental Design

2.3.1 Clay Loan Experimental Area (Coastal Tableland)

In the clay loan area, a randomized block design was used as the experimental design with three replications in a 2
x 5 split-plot scheme. The plot was represented by two water management methods: with a hydro-retainer and

without a hydro-retainer. The subplots were represented by the five doses of fertilization in the pit using the NPK
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04-14-08 formulated fertilizer of the commercial brand Natufert®, composed of potassium chloride (KCI),
carbamide ((NH,),CO), phosphorus pentoxide (P,Os), mixed with organic matter. The doses were: 0, 0.072, 0.144,
0.288 and 0.576 kg per pit. Fertilization followed as a basis the recommendation for native essences according to
Prezotti et al. (2013).

2.3.2 Sand loan Experimental Area (Restinga)

In the sand loan area, the experimental design adopted was a randomized block design with three replications in a
3 x 5 split-plot scheme, with three methods of water management in the plot: the use of a drip irrigation system,
with a hydro-retainer and without water management. In the subplots, the treatments were five doses of
fertilization in the pits using the NPK 04-14-08 formulated fertilizer of the commercial brand NATUFERT®,
composed of potassium chloride (KCl), carbamide (NH,;),CO), phosphorus pentoxide (P,Os) mixed with organic
matter. The dosages were: 0.000, 0.072, 0.144, 0.288 and 0.576 kg. Fertilization followed as a basis the
recommendation for native essences according to Prezotti et al. (2013).

2.4 Tillage and Planting
2.4.1 Clay loan Experimental Area (Coastal Tableland)

Tillage was carried out by subsoiling the area to an average depth of 60 cm. The pits were marked in a triangular
pattern with a distance of 1.2 meters between them. After digging the pits, they were fertilized following the
description using the doses corresponding to the treatments. Five species of native plants were used: Aroeira
(Schinus terebinthifolius Raddi), Yellow mombin (Spondias mombin L.), Araga Vermelho (Psidium cattleianum
Sabine), Inga Mirim (Inga laurina (Sw.) Willd.) and Murta da Restinga (Mouriri guianensis Aubl.), which are
defined by their natural presence in the region’s ecosystem and by their commercial availability. Planting was
carried out on April 11, 2019, with the application of the hydro-retainer solution which was prepared at planting.
Thus, 0.5 liter of the solution was applied per pit, at a concentration of 8 g of hydro-retainer agent for each liter of
water, corresponding to 4 g of hydro-retainer gel per plant. The product used in the experiment was the
Hydroplan® soil conditioning water-retaining gel-EB/HyB. After planting, the seedlings were covered for their
protection using a handmade structure composed of wooden (eucalyptus) rods and non-woven fabric (NWF)
popularly known as “flags”.

At 30 days after planting, the cover of the seedlings was removed and staking was carried out to avoid lodging. As
needed, control of invasive plants was carried out in the area through manual weeding. All plants received
topdressing fertilization, at a dose of 25 g plant” of NPK 20-00-20, from planting, every 60 days and during the
complete experimental period.

2.4.2 Sand loan Experimental Area (Restinga)

To establish the transit of heavy machinery during the exploration process in the area, the deposition of a clayey
soil layer at the bottom of the pit is the standard protocol. This layer was removed to promote the prevalence of the
sand fraction, the predominant soil characteristic in the region. Afterward, the pits were demarcated following a
triangular pattern with a distance of 1.2 meters between pits. After digging, fertilization was carried out with the
doses proposed for the treatments.

Planting was carried out on April 12, 2019, with the application of the water-retaining solution made at the time of
planting. A 0.5-L solution was applied per pit, at a concentration of 8 g of hydro-retainer agent for each liter of
water, corresponding to 4 g of hydro-retainer gel per plant. Hydroplan® soil conditioning hydro-retainer
gel-EB/HyB was used. After planting, the seedlings were covered for their protection using a handmade structure
composed of wooden stalks (eucalyptus) and non-woven fabric (NWF) popularly known as “flags”.

The irrigation system was implemented after fertilizing the pits using a drip tape of 1.2 Lh™, at 100 kPa, spaced at
0.2 m. The system was automatic-controlled which enabled the programmed application of the predetermined
water depth. Irrigation was performed twice a day with 12-hour intervals between each application, when
necessary. The applied water depth was obtained using the daily water balance, considering precipitation and crop
evapotranspiration for a unitary crop coefficient, with the estimate of reference evapotranspiration obtained
through the Penman-Monteith method. The data used in the experiment were obtained from the weather station set
in the oil production unit. The update of the applied water depth was carried out weekly and applied over the
experimental period.

At 30 days after planting, the cover of the seedlings was removed and staking was carried out to avoid lodging. As
needed, control of invasive plants was carried out in the area through manual weeding. All plants received
topdressing fertilization, at a dose of 25 g plant” of NPK 20-00-20 since planting, every 60 days and during the
complete experimental period.
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2.5 Evaluations
2.5.1 Survival and Growth

After 180 years of planting, evaluations were made for the following growth characteristics: plant height (PH),
with the aid of a measuring tape, graduated in millimeters; stem diameter (SD), measured at ground level with the
aid of a digital caliper; and the total number of leaves (LN), obtained by counting all developed leaves. The
survival rate of the plants was also evaluated.

2.5.2 Chlorophyll a Fluorescence

At 180 days after planting, chlorophyll a fluorescence was evaluated using a portable fluorometer (Handy-PEA,
Hansatech, UK). Two plants were used per treatment in each block, chosen at random. A reading was performed on
each plant. Chlorophyll « fluorescence was induced by red light (650 nm) of approximately 3,000 pmol m™?s™. To
make the light-collecting system fully oxidized, complete oxidation of the reaction centers was necessary. This
was done using a 30-minute dark adaptation of young and fully developed leaves (third or fourth leaf from the
apex), with the aid of leaf clips (Hansatech, UK). Readings were performed from 6:00 a.m. to 10 a.m. am. With the
aid of the Biolyzer software, data were obtained for the interpretation of the parameters of the JIP test, which was
performed according to Strasser & Strasser (1995). The parameters obtained from the JIP Test allow the
quantification of the absorption efficiency and energy use through the photosynthesis electron transport chain.
Besides evaluating the functionality of photosystem II (FSII), it reflects the rate of electron transport within the
thylakoid membrane and the subsequent functioning of ferredoxin-NADP oxidoreductase and Calvin cycle
(Schansker et al., 2003).

The variables analyzed through chlorophyll a fluorescence were the following:
»  Minimum fluorescence (F), fluorescence intensity at 0.02 ms of OJIP transient;
»  Maximum fluorescence (F,), fluorescence maximum intensity at P point at 300 ms of OJIP transient;
»  Primary photochemical maximum quantum yield (¢py), obtained through the equation:
9, =1-(F/F) (1

»  Quantum efficiency of the transfer of an electron from Q4 to the electron transport chain beyond Qa (¢go),
obtained through the equation:

0 =1-(E,/F,) xy0 )
»  Photochemical quantum yield for heat dissipation (¢pg), obtained through the equation:
¢ =FJ/F, 3)
»  Specific flow of energy absorption per reaction center (ABS/RC), obtained through the equation:
ABS/RC=M/V /¢ 3)
»  Capture per reaction center (TRy/RC) obtained through the equation:
TR/RC=My/V, %)
»  Transport per reaction center (ET(/RC), obtained through the equation:
ETy/RC = TR /RC * (1 - V) (6)
»  Dissipation per reaction center (DIy/RC), obtained through the equation:
DIy/RC = ABS/RC - TR /RC 7
>  Potential performance index (PL,,), obtained through the equation:
Pls =ABS/RCx ¢ /(1-¢ )>x¢ /(1-¢ ) ®)
»  Total performance index (Pliy,), obtained through the equation:
Pligtal = Plyps > (8ro/(1 - 8ro) ©)

2.5.3 Leaf Attributes

At 180 days after planting, the leaf attributes of the plants were also evaluated. With the aid of a metal leaf disc
extractor, three leaf discs were extracted from the median region of the leaf blade, with 27.99 mm? in diameter.
With the aid of a precision digital scale (0.0001 g), the three leaf-discs were weighed to obtain the value of the total
fresh mass (FM) of the three discs. Then, the discs were placed in Petri dishes and hydrated with distilled water for
24 hours, and then thickness measurements (mm) of each disc were performed using a digital caliper (Digimess®
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100.174BL 150 mm/6) and mass was measured to obtain the turgid mass (TM) value. Finally, the discs were placed
in paper bags and placed in an oven for drying at around 60 °C, until a constant dry mass (DM) was obtained. From
the values of fresh, turgid, and dry mass obtained, the following were calculated:

>  Leafsucculence (SUC) (g m™) obtained through the difference between the leaf turgid mass and leaf dry mass
divided by the area of the leaf discs (Kluge & Ting, 1978);

>  Fresh mass per leaf area (FMA) (g m™) estimated by the ratio between leaf dry mass and leaf area (Kluge &
Ting, 1978);

>  Specific Leaf Area (SLA) (cm® g') estimated by the ratio between leaf disc area and leaf dry mass
(Witkowski & Lamont, 1991);

>  Sclerophylly index (SI) (g cm™) was obtained with half of the ratio between leaf dry mass and leaf disc area
(Rizzini, 1976).

2.5.4 Statistical Analysis

The obtained data were subjected to analysis of variance and when their significance was determined, they were
subjected to test of the means (Tukey at 5%) for the results corresponding to the use of hydro- retainers and
regression analysis in the case of results corresponding to planting fertilization. Statistical analyses were
performed with the aid of the SISVAR statistical software (Ferreira, 2011).

3. Results and Discussion
3.1 Clay Extraction Experimental Area (Coastal Tableland)
3.1.1 Survival Rate

The survival indices found in the clay extraction experimental area were not statistically influenced by the water
management factor and the fertilization in the pit of the species S. terebinthifolius. This fact is possibly explained
by the precipitation that occurred close to the planting date on April 11", Rainfall was 28 mm and 52 mm on April
10 and 15, 2019, respectively. The level of precipitation associated with the textural class of the soil in the
experimental area (Table 1) provided a long period of high soil moisture, which may have harmed the initial effect
of the hydro-retainer. Texture determines the contact area between solid particles and water, so the greater the clay
fraction, the greater the contact area. The clay content of the soil positively and markedly affected water retention
(Beutler et al., 2002).

The S. terebinthifolius plants showed average survival rates of 97.77%. The rusticity of the species S.
terebinthifolius results in the adaptability to unfavorable conditions for plant development, such as soils low in
fertility and conditions of water availability. Oliveira et al. (2008), in evaluating the development of S.
terebinthifolius in oil-contaminated soils, identified 100% survival rates, which corroborates the adaptive capacity
of the species. Knapik and Maranho (2007) when evaluating revegetation in a mining area, recorded survival rates
of 100% for P. cattleianum and S. terebinthifolius.

The nutritional increment resulting from the fertilization of the pit applied in the treatments provided an
improvement in soil fertility conditions at lower doses and created unfavorable conditions for some species at
higher doses. The clayey soil (Table 1) has a greater capacity for nutritional retention, which exposes the plants to
conditions generated by the treatments used for a longer period. This condition can affect either positively in the
case of ideal fertilization doses, or negatively in the case of excessive doses. According to Almeida and Sanchez
(2005), the 90% survival rate of seedlings is considered as a reference in revegetation projects, a level that was
reached by the species.

3.1.2 Plant Growth

The fertilization factor was significant for the three assessed variables. Although the variables PH and SD present
a significant effect on the fertilization of the pit, it was not possible to establish a significant regression model for
them. For the LN, the quadratic model was adjusted, where the highest number of 181 leaves was obtained with the
dose of 363.71 g pit " of the fertilizer NPK 04-14-08 (Figure 5). Silva et al. (2011) when studying the development
of S. terebinthifolius in a copper-contaminated environment did not find significant differences in plant growth
characteristics even at high doses of the contaminant, indicating high adaptability of the species to inadequate
nutritional conditions.
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Figure 5. Effect of the NPK 04-14-08 doses on the leaf number (LN) of (S. terebinthifolius) in the clay loan area at
180 days after planting

Sousa et al. (2014), in evaluating the effect of different nitrogen doses in revegetation areas, identified a similar
behavior, the increase in the nitrogen dose created a point of maximum morphological development followed by a
drop in the results.

3.1.3 Chlorophyll a Transient Fluorescence

The species Aroeira (S. terebinthifolius) showed a significant response only for the Py, parameter, with the
interaction between the factors water management and doses of fertilization in the pit. The assessment of the doses
of fertilization in the pit within the water management factor (Table 4) showed a significant difference in the dose
of 144.00 g pit'l, in the treatment without the hydro-retainer application, where the highest Pl,,, was observed
(6.36). The application of the hydro-retainer resulted in the highest Pl o (9.03) obtained at a dose of 576.00 g pit ™.
It is verified that higher total performance indices are obtained, with the use of hydro-retainer associated with
greater fertilization of the pit (Table 4)

Table 4. Total performance index (Ply,) in Aroeira (S. terebinthifolius) plants without hydro-retainer application
and with the addition of hydro-retainer at different NPK 04-14-08 doses in the Inhambu experimental site at 180
days after planting.

NPK doses (g pit™) - - Pl - -
Without water-retainer With water retainer

0 3.09a 436 a

72 531a 473 a

144 6.36a 3.19b

288 5.40a 6.63 a

576 5.98Db 9.03 a

Note. Means followed by the same letter in the row are not different from each other by the test of Tukey at 5% of
probability.

The assessment of the effect of the water management factor within the pit fertilization doses allowed us to identify
that the presence of the hydro-retainer provided an increase in Pl which was proportional to the increase in the
pit fertilization doses (Figure 6). The highest Pl was 8.82 at the dose of 576.00 g pi*'. Without the presence of
the hydro-retainer, Pl did not present significant differences in relation to the doses of fertilization applied in the
pit (Figure 6).
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Figure 6. Effect of the NPK 04-14-08 doses with no application of the hydro-retainer (S.H.) and with the
application of the hydro-retainer (C.H.) on the total performance index (Pl of Aroeira (S. terebinthifolius) in
the Inhambu experimental area at 180 days after planting

The increase in Pl may indicate an improvement in the ability to use the energy present in the photosynthetic
process. Py 1S @ very sensitive parameter, especially to water stress (Oliveira et al., 2018). It is related to the
performance of the plant as an individual as it indicates the quality of the photosynthetic process and the plant
condition in terms of growth or survival under stress conditions (Desotgiu et al., 2012). The results obtained in this
work show that the presence of the hydro-retainer increased the value of Pl as the amount of fertilizer in the pit
increased (Figure 5). This behavior was not observed in the environment without the presence of the hydro-retainer.
The presence of the hydro-retainer created a different behavior of the plant in relation to the fertilization where it
reached higher levels of performance, which indicates a better use of the fertilization in the pit.

3.1.4 Plant Leaf Characteristics

Aroeira (S. terebinthifolius) plants were affected only by the factor fertilization of the pit in the variable SUC.
However, the regression analysis did not allow the establishment of a mathematical model that described the
behavior of the variable. Pattison et al. (1998), Mielke et al. (2005), and Silva et al. (2016) classify Aroeira (S.
terebinthifolius) as a perennial, heliophite, pioneer, and aggressive species. These characteristics are almost always
related to plants that have great adaptability to inadequate development conditions, which may have contributed to
the preservation of the invariable leaf morphology of the species even under the conditions to which they were
submitted in the experiment.

3.2 Sand Loan Experimental Area (Restinga)
3.2.1 Survival Index

An interaction was found between the factors water management and fertilization of the pit for the variable
survival index in the species S. terebinthifolius. In comparison to the experimental area of the clay loan area and
the sand loan area showed an effect of water management on the results. This occurrence can be explained by the
difference in the behavior of the soil water retention capacity (Table 3) of the two areas. Soil texture is a factor that
determines its water holding capacity. Soils with a greater presence of the sand fraction tend to retain less water
over time (C. Klein & V. A. Klein, 2015).

Among the means observed in the three methods of water management (without water-retainer, with water-retainer,
and with irrigation), for the survival rate of the species S. terebinthifolius, a significant difference was observed
only at the dose of 576 g pit"' of 04-14-08 NPK. At this dose, the highest mean observed was 100% survival with
the use of irrigation (Table 5).
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Table 5. Survival index in S. terebinthifolius and S. mombin plants grown in increasing NPK 04-14-08 doses
without the addition of hydro-retainer, with the addition of hydro-retainer, and with irrigation in the sand extraction
experimental area at 180 days after planting

o Survival rate
NPK doses (g pit")

g Without hydro-retainer =~ With hydro-retainer With irrigation
§ 0 100 a 77.77 a 100 a
§ 72 88.88 a 100 a 100 a
§ 144 100 a 100 a 100 a
:j 288 88.88 a 100 a 100 a
576 55.55b 55550 100 a

Note. Means followed by the same letter in the row are not different from each other at 5% of probability by the test
of Tukey.

The nutritional characteristics of the soil in the area offer a small development capacity for plants (Table 2). When
subjected to the use of irrigation, the species expressed the highest values of survival rates. Oliveira et al. (2008), in
evaluating the development of S. terebinthifolius in oil-contaminated soils, identified 100% survival rates, which
corroborates the adaptive capacity of the species.

The regression model was adjusted for the survival rate of the species S. terebinthifolius in the water management
methods (without hydro-retainer, with hydro-retainer, and with irrigation) (Figure 12). The highest survival rate
without the use of water retainer was 96.75%, obtained with the dose of 41.75 g pit"' of NPK 04-14-08 fertilizer.
The use of water retainer resulted in 100% at a dose of 236.50 g pit”. No significant difference was found for the
survival rate of S. terebinthifolius plants subjected to different fertilization rates combined with irrigation. The
average survival was 100%.

The results show that the plants have a range of survival optimization when subjected to increasing doses of
fertilization in the pit. According to Malavolta (1980), considering the particularities of each species, the scarcity
or excess of nutrients, characterizing deficiencies or toxicity, respectively, are harmful to the development of
plants.

110

100
90
g 80
—§' [ |
70 -
&
60
50
40 T T T T T
0 100 200 300 400 500 600
eISSH. wISCH. AILSCI ——Multinomial (I.S.S.H.) ----Multinomial I.S.CH.) ------ Linear (I.S.C.I)
1.S.S.H. =-0.0002x> + 0.0167x + 96.41  R>=0.9290 (12)
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1.S.C.I. Mean = 100

Figure 7. Effect of the NPK 04-14-08 doses on the survival rate of S. terebinthifolius without the addition of
hydro-retainer (I.S.S.H.), with the addition of hydro-retainer (I.S.C.H.), and with the use of irrigation (I.S.C.L.) in
the experimental area of sand extraction at 180 days after planting
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3.2.2 Plant Growth

Regarding PH, among the means observed in the three water management methods, a significant difference was
observed only in the doses of 288 g pit™” and 576 g pit”' of NPK 04-14-08, where the best results were obtained with
the use of hydro-retainer and irrigation. (Table 6). For the variable SD, a significant difference was also observed
in the higher doses of 288 and 576 g pit”"' of NPK 04-14-08, with the addition of hydro-retainer and with the use of
drip irrigation (Table 6). Scheer et al. (2017), when studying the effect of liming and pit fertilization on four species
used in revegetation, identified that S. terebinthifolius was the species that presented stem diameters and heights
considerably higher than the others, even when subjected to high doses of pit fertilization.

Table 6. Plant height (PH) and average stem diameter (SD) in Aroeira (S. terebinthifolius) plants subjected to
increasing doses of NPK 04-14-08 without the addition of hydro-retainer, with the addition of hydro- retainer and
with the use of drip irrigation in the sand loan area at 180 days after planting.

o Plant height (cm)
NPK doses (g pit") - - - - —
Without hydro-retainer With hydro-retainer With irrigation

0 36.55a 40.27 a 27.27 a

72 49.16 a 54.05a 53.77 a

144 62.55a 62.77 a 69.00 a

288 45550 60.72 ba 70.77 a

576 52.83b 88.45a 68.55 ba

Stem diameter (mm)

NPK doses (g pit™)

Without hydro-retainer With hydro-retainer With irrigation
0 4.12a 555a 5.02a
72 10.57 a 10.86 a 843 a
144 10.28 a 1142 a 13.56 a
288 8.60 b 12.60 ba 14.47 a
576 8420 15.10a 1546 a

Note. Means followed by the same letter in the row are not different from each other by the test of Tukey at 5%
probability.

The variable PH showed a linear behavior proportional to the increment in fertilization with NPK in the pit when
evaluated within the water management with the application of the hydro-retainer and a quadratic behavior when
evaluated within the treatment with water management with the use of drip irrigation (Figure 8). The highest plant
height, 86 cm, was obtained with a dose of 421.5 g pit” of the 04-14-08 NPK fertilizer. These differences in the
growth behavior of the species may be related to nutrient availability and nutritional leaching caused by irrigation.
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Figure 8. Effect of the NPK 04-14-08 doses without the addition of hydro-retainer (S.H.), with the application of
hydro- retainer (C.H.), and with the use of drip irrigation (C.1.) on plant height of Aroeira (S. terebinthifolius)
plants in the sand loan area at 180 days after planting

eSH. wCH ACL

In addition to providing a gradual increase in plant height (presence of water retainer) when subjected to increasing
doses of fertilization in the pit, the water availability provided an optimization point with the use of irrigation.
Xavier et al. (2011) when studying the growth of two eucalyptus hybrids under different levels of water deficit,
identified greater growth under greater water availability.

The variable SD showed a quadratic behavior when evaluated in all methods of water management (Figure 9). The
largest SD without the use of a hydro- retainer was 10 mm, obtained with a dose of 333.75 g pit" of the NPK
04-14-08 fertilizer. The use of a water-retainer resulted in an SD of 16 mm, obtained at a dose of 558.33 g pit” of
the NPK 04-14-08 fertilizer and, the use of irrigation the result was 17 mm obtained with a dose of 447.50 g pit”' of
the NPK fertilizer 04-14-08.
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Figure 9. Effect of NPK 04-14-08 doses without the application of hydro-retaining (SH), with the application of
hydro- retainer (CH), and with the use of drip irrigation (CI) on the stem diameter of Aroeira (S. terebinthifolius)
plants in the sand loan area at 180 days after planting

147



jas.ccsenet.org Journal of Agricultural Science Vol. 14, No. 3; 2022

The LN variable showed a quadratic behavior without interaction with the water management methods used in the
experiment (Figure 10). The highest LN 124 was obtained with a dose of 463.50 g pit" of the 04-14-08 NPK
fertilizer.
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LN = -0.0004x* + 0.3708x + 38.692 R = 0.9100 (19)

Figure 10. Effect of NPK 04-14-08 doses on the number of leaves (LN) of Aroeira (S. terebinthifolius) plants in
the sand loan area at 180 days after planting

In a work on the initial development and phenology in restoration nuclei, Silva (2019) identified that S.
terebinthifolius demonstrated the best performance and the importance of the species in ecological restoration
projects in areas of degradation where the species is native.

3.2.3 Chlorophyll a Fluorescence Transient

Plants of Aroeira (S. terebinthifolius) showed an interaction effect of the two assessed factors only in the variable
F., (Table 7). The assessment of the effect of the fertilizer doses in each water management method identified the
difference between the management methods only at the dose 0.00 g pit”', where the treatment with drip irrigation
resulted in the lowest F,, value of 102.66. Again, according to Ecco et al. (2017), favorable conditions raise the F,,.
A sandy textured soil (Table 1) tends to suffer more accentuated leaching effects when compared to clayey textured
soils, and the irrigation used as a water management method may result in the sandy soil in a nutritional leaching
condition. Studying potassium leaching under different irrigation depths, da Silva Albuquerque et al., (2011)
identified that the application of 120% of crop evapotranspiration with a dose of 120 kg ha™ of K,O causes greater
losses of potassium in the form of K,O.

Table 7. Maximum fluorescence (Fy,) in Aroeira (S. terebinthifolius) plants, without the addition of hydro-retainer
and with the addition of hydro-retainer under different doses of NPK 04-14-08 in the experimental area of Nova
Era at 180 days after planting

NPK doses (g pit™) - - - F - —
Without hydro-retainer With hydro-retainer With irrigation

0 2664.33 a 2526.16 a 2102.66 b

72 2286.83 a 2566.33 a 2274.33 a

144 2384.33 a 2412.66 a 2273.66 a

288 2700.00 a 2440.50 a 2383.50 a

576 237133 a 2470.75 a 2607.33 a

Note. Means followed by the same letter in the row are not different from each other by the test of Tukey at 5%
probability.
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The regression analysis identified the effect of the variation of the fertilizer doses in the pit in the water
management method without hydro-retainer. However, it was not possible to determine a regression model to
estimate the behavior of the variable in this treatment (Figure 11). The application of the hydro-retainer did not
result in statistical differences among the means in the pit fertilization dose, in which a mean of 2483.28 was found
(Figure 11). In the drip-irrigation water management method, a linear behavior proportional to the increase in
fertilization was identified. The highest F;;, mean of 2614.57 was obtained with the pit fertilization dose of 576.00 g
pit". The result obtained corroborates with da Silva et al. (2015) who, in studying the effect of irrigation depths on
chlorophyll a fluorescence in eggplant plants, found an increase in F,, as the irrigation depths were incremented,
with no damage to the photosynthetic apparatus. The increase in F,, (Figure 11) may be related to the increase in
succulence (SUC) (Figure 12) which indicates a healthier leaf tissue.
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F., C.H. Mean = 2483.3
F, CI = 0.7951x + 2156.6 R? = 0.9519 (20)

Figure 11. Effect of NPK 04-14-08 doses without hydro-retainer application (S.H.), with hydro-retainer (C.H.)
application and irrigation use (C.1.) on maximum fluorescence (F,) of Aroeira (S. terebinthifolius) plants in the
experimental area in Nova Era at 180 days after planting

The variable ¢g, was significantly affected only by the water management factor (Table 8). The @g, showed the
lowest value, 0.3953, in the drip irrigation treatment (Table 8). The drop in this parameter indicates a reduction in
the photosynthetic performance of the plant (Silva et al., 2019) indicating that the irrigation treatment did not
benefit photosynthesis in Aroeira (S. terebinthifolius) plants.

Table 8. Quantum efficiency of the transfer of an electron from Q, to the electron transport chain beyond Q4 (@go)
and capture per reaction center (TRy/RC) in Aroeira (S. terebinthifolius) plants, without the addition of
hydro-retainer, with the addition of a hydro-retainer and the use of irrigation in the Nova Era experimental area at
180 days after planting

PEo
Without hydro-retainer With hydro-retainer With irrigation

0.4486 a 0.4620 a 0.3953b

Note. Means followed by the same letter in the row are not different from each other by the test of Tukey at 5% of
probability.

3.2.4 Plant Leaf Characteristics

Aroeira (8. terebinthifolius) plants were affected by the factor fertilization in the pit on the variable SUC (Figure
12), exhibiting a linear behavior proportional to the increment of the fertilizer dose in the pit. The highest mean
found for SUC was 224.73 g m™ at the dose of 576.00 g pit". The succulence of leaf tissue of a plant is related to
the thickness of that tissue. Thicker leaves tend to retain more water (Ferreira de Melo Junior & Boeger, 2016)
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which provides better plant development under these conditions. According to Arruda et al. (2009), the degree of
succulence, is related to the water content in the cells, besides being influenced by the water and nutritional
availability of the soil. The result of this study indicates that Aroeira (S. terebinthifolius) plants adapted better to
higher doses of fertilization in the pit.
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Figure 12. Effect of NPK 04-14-08 doses on succulence (SUC) of Aroeira (S. terebinthifolius) plants in the
experimental area in Nova Era at 180 days after planting

Aroeira (S. terebinthifolius) plants showed an interaction between the assessed factors in the variables FMA, SLA,
and SI (Table 9). The FMA showed statistical differences between the water management methods used in the pit
fertilization doses of 72.00 and 576.00 g pit". At the dose of 72.00 g pit”, the highest FMA (146.05 g m™) was
observed in the treatment without the hydro-retainer and it did not differ statistically from the value of 124.90 g m?,
which occurred in the hydro-retainer treatment (Table 9). At the dose of 576.00 g pit”, the highest FMA 136.22 g
m™? occurred in the treatment with the use of drip irrigation and this did not differ statistically from the value of
132.55 g m™ which was found in the treatment with the hydro-retainer application (Table 9). The increase in FMA
indicates greater leaf longevity which is extremely relevant in environments with limited resources, and the cost of
producing a new leaf is high (Wright et al., 2002).

FMA showed statistical differences between the water management methods at doses of 72.00 and 288.00 g pit”
fertilization. At the pit fertilization dose of 72.00 g pit”', the highest value (92.53 cm” g™') of EFA was found in the
water management method with drip irrigation, which did not statistically differ from the value 80.65 cm” g™,
found with the use of the water retainer (Table 9). At the pit fertilization dose of 288.00 g pit”, an inverse behavior
was observed with the highest value (98.67 cm” g') of FMA being found in the water management method without
the use of a hydro-retainer, which did not differ statistically from the 88.73 cm” g”' value found with the use of drip
irrigation (Table 9).

Specific leaf area (SLA) is a characteristic that indicates the use of resource strategy and plant growth (Wilson et
al., 1999). According to Vendramini et al. (2002), plants that grow in an environment with limiting resources, such
as water constraints, develop a lower SLA when compared to plants that grow without such limitations.

The SI showed the highest means when the application of the hydro-retainer occurred in the pit fertilization doses
of 72.00, 288.00, and 576.00 g pit". At the pit fertilization dose of 72.00 g pit”, the highest value of 51.33 cm? ¢!
of the SI was found in the water management method without the use of a hydro- retainer and it did not differ
statistically from the value of 44.00 cm? g found with the use of the hydro- retainer (Table 9). At the 288.00 g pit™!
fertilization dose, the highest value of 44.00 cm? g of the SI was found in the water management method with the
use of a hydro-retainer and it did not differ statistically from the value of 40.00 cm® g, found with the use of drip
irrigation (Table 9). The highest SI value of 48.00 cm” g™ was found in the hydro-retainer management method
with the use of drip irrigation at the pit fertilization dose of 576.00 g pit", and it did not differ statistically from the
value of 46 .66 cm® g™, found with the use of hydro-retainers (Table 9).
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Table 9. Fresh mass per leaf area (FMA), Specific leaf area (SLA) and Sclerophylly index (SI) in Aroeira (S.
terebinthifolius) plants, without hydro-retainer addition, with hydro-retainer addition and with the use of irrigation

under different NPK 04-14-08 doses in the experimental area in Nova Era at 180 days after planting

NPK doses (g pit™")

FMA (g m?)

Without hydro-retainer

With hydro-retainer

With irrigation

0 92.34 a 11041 a 91.94 a

72 146.05 a 124.90 ab 109.02 b

144 11438 a 122.12 a 11021 a

288 102.07 a 12450 a 113.39a

576 112.19b 132.55 ab 136.22 a
SLA (cm2 g")

NPK doses (g pit™)

Without hydro-retainer

With hydro-retainer

With irrigation

0 11095 a 90.82 b 110.80 a

72 69.63 b 80.65 ab 92.53a

144 89.27 a 82.49 a 91.14 a

288 98.67 a 81.22b 88.73 ab
576 90.94 a 76.20 a 74.22 a

2
NPK doses (g pit‘l) - - - S (g cm ). ——
Without hydro-retainer ~ With hydro-retainer With irrigation

0 32.66 a 38.66 a 3233 a

72 5133 a 44.00 ab 3833 b

144 40.00 a 43.00 a 39.00 a

288 35.66b 44.00 a 40.00 ab
576 39.33b 46.66 ab 48.00 a

Note. Means followed by the same letter in the row do not differ from each other by the test of Tukey at 5%
probability.

Under the conditions of the study, the results obtained with the use of drip irrigation did not differ in most from the
results obtained with the use of the hydro-retainer, which indicates the feasibility of using it. The incorporation of
the hydro-retainer in the soil extends the retention period of rainfall water in the soil (Huttermann et al., 1999). The
presence of the hydro-retainer provided better development conditions for the Aroeira (S. terebinthifolius) plants.

When evaluated within the water management methods, fertilization showed significant differences between the
doses of fertilization in the pit when drip irrigation was used for the variables FMA, SLA, and SI (Figure 13). The
means found were 113.20 g m?, 92.00 cm” g and 0.39 g cm™ respectively in the treatment without hydro-retainer
application and 122.90 g m?, 82.27 cm” g and 0.43 g cm™ respectively in the treatment with the application of
hydro- retainer (Figure 13). In drip irrigation conditions, FMA and SI showed a behavior proportional to the
increase in the dose of fertilization in the pit with the highest values of 135.61 g m™” and 47.96 g cm™ respectively
obtained with the doses 576.00 g pit” (Figure 13). FMA showed a linear behavior inversely proportional to the
increase in fertilization, the highest value was 102.93 g cm™ obtained at the dose of 0.00 g pit” (Figure 13).
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Figure 13. Effect of 04-14-08 NPK doses without the hydro-retainer application (SH), with the application of
hydro-retainer (CH) and with the use of irrigation (CI) on the fresh mass per leaf area (FMA) (A), specific leaf
area (SLA) (B) and sclerophylly index (SI) (C) of Aroeira (S. terebinthifolius) plants in the Nova Era

experimental area at 180 days after planting
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The nutritional leaching process is much accentuated in sandy soils, and irrigation can enhance this process
(Ernani, 1999; Bortolini, 2000). During the process in which the leaching takes place, considering that the solution
that moves vertically in the soil is a mixture between the soil solution and the added water, the leaching time of the
soil nutritional pool is proportional to the initial concentration of the nutrient in the soil solution (Ernani et al.,
2003). Thus, even with the possible increase in nutritional leaching caused by drip irrigation, the higher doses of
fertilization maintained the levels of nutrients in the soil available for longer.

4. Conclusions

The Aroeira plants did not show significant effects of the assessed factors on the survival rate and reached a value
of 98%. For plant growth in the clay loan experimental area, the Aroeira plants showed a significant effect only
from pit fertilization. The highest growth rates were found at doses of 364 g pit . Aroeira plants showed interaction
among the assessed factors on the chlorophyll a fluorescence. For Aroeira plants, the best water management
method was the use of a hydro-retainer and the best photosynthetic performance was obtained with a pit
fertilization rate of 576 g pit”". In relation to the leaf attributes of Aroeira plants in the clay loan experimental area,
no effects of the treatments used were observed.

In the experimental sand loan area, Aroeira plants had their survival influenced by the interaction of the two factors.
The difference between the methods of water management occurred only in the pit fertilization of 576 g pit”'. The
best management method was the use of drip irrigation which provided 100% survival. All evaluated doses of soil
fertilization provided 100% survival when drip irrigation was used. In the use of the hydro-retainer, the dose of 236
g pit" provided 100% survival. In the treatment without hydro-retainer, the greatest survival was 97% obtained
with the dose of 41.75 g pit’".

The factors assessed for the variables plant height and stem diameter interacted in the growth of Aroeira plants.
Concerning water management, the best results were obtained with the use of hydro-retainers and with drip
irrigation. The highest plant height (88 cm) was obtained with the dose of 576 g pit” associated with the
hydro-retainer. The largest stem diameter was obtained with the dose of 447 g pit” combined with drip irrigation.
The number of leaves was only affected by the fertilization factor. The greatest number of leaves (124) was
obtained with the fertilization dose of 1463 g pit™

Aroeira plants showed an effect of the interaction between the assessed factors on the chlorophyll a fluorescence.
For Aroeira plants, the best results were obtained with the presence of the hydro-retainer and with the use of drip
irrigation. The best photosynthetic performance was achieved at the dose of 576 g pit'.

Regarding the leaf attributes of the plants in the sand loan experimental area, it was possible to observe that the
Aroeira plants affected the interaction of the assessed factors on the leaf attributes. For Aroeira plants, the best
water management method was the use of a hydro-retainer. In addition, in this scenario, the fertilization rates did
not show statistical differences.
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