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ABSTRACT: There is a lack of agronomic research on the production of custard apple seedlings, especially regarding the
ideal substrate and nutritional requirement of the plants. In order to evaluate the accumulation of nutrients in shoots and roots,
leaf chlorophyll index and absorption efficiency index (AEI) in custard apple seedlings grown in different substrates and under
doses of slow-release fertilizer, an experiment was setin randomized blocks in split-plot scheme with four replicates and eleven
plants per plot. The custard apple seedling production method was by sowing. Plots were represented by substrates (fresh
sugarcane bagasse; enriched sugarcane bagasse; coconut powder, and commercial organic substrate), whereas subplots
were represented by Osmocote Plus® fertilizer doses (0; 3; 6; 9; 12 and 15 kg m®). The final evaluation was performed at 105
days after sowing. The effect of the slow-release fertilizer on the formation of custard apple seedlings was influenced by the
substrate. There was greater accumulation of nutrients as the availability of nutrients increases, as well as increase in nutrient
AEI. Custard apple seedlings were found to be more efficient to absorb N > Mg > K> Ca > P > Fe > Mn > Zn. As substrate,
coconut powder associated with the 9 kg m™ slow-release fertilizer dose is recommended to produce custard apple seedlings.
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Substratos organicos e fertilizante de liberagao lenta na acumulagao
de nutrientes e na eficiéncia de absorgao de nutrientes de mudas de pinheira

RESUMO: Ha caréncia de estudos agrondmicos sobre a producao de mudas de pinheira ou fruta do conde, sobretudo quanto
ao substrato ideal e a necessidade nutricional das plantas. Com o objetivo de avaliar o acimulo de nutrientes na parte aérea
e sistema radicular, os indices de clorofila foliar e de eficiéncia de absorgdo (IEA) em mudas de pinheira cultivadas em
diferentes tipos de substratos e doses de fertilizante de liberagao lenta, foi realizado um experimento em blocos casualizados
em esquema de parcelas subdivididas com quatro repeti¢des e onze plantas por parcela, sendo definido como parcela o fator
substrato (bagaco de cana-de-agucar in natura; bagaco de cana-de-agucar enriquecido; pé de coco; e substrato organico
comercial Tropstrato®), e como subparcela as doses do fertilizante Osmocote Plus® (0; 3; 6; 9; 12 e 15 kg m®). O método
de producdo de mudas de pinheira foi por semeadura. A avaliagéo final do experimento foi realizada aos 105 dias ap6s a
semeadura. O efeito do fertilizante de liberagao lenta foi influenciado pelo substrato na formagdo de mudas de pinheira. Houve
maiores acimulos de nutrientes com o aumento da disponibilidade de nutrientes, assim como aumento do IEA de nutrientes.
As mudas de pinheira mostraram-se mais eficientes em absorver N > Mg > K> Ca > P > Fe > Mn > Zn. Recomenda-se como
substrato o pd de coco associado ao fertilizante de liberagéo lenta na dose de 9 kg m™ para a produgao de mudas de pinheira.

Palavras-chave: Annona squamosa L.; residuos orgénicos; nutricdo de plantas; qualidade de mudas
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Organic substrates and slow-realease fertilizing on nutrient accumulation and absorption efficiency of custard apple seedlings

Introduction

In Northeast Brazil, the cultivation of custard apple is in
full expansion, and irrigated fruit production stands out as
the main agribusiness activity in the Sdo Francisco Valley,
nevertheless, despite the great agro-industrial potential,
this region faces problems with the scarcity of good-quality
seedlings for the planting of new orchards (Melo Junior et al.,
2015), including of custard apple.

Using regional materials from the local agro-industry
as potential substrates for seedling production may lead to
reduction in the environmental impact, minimizing production
costs and presenting itself as a feasible alternative for farmers.
Nonetheless, it is important to remember that the substrate
must have good cation exchange capacity, physical stability
and biological sterility, besides adequate pH, electrical
conductivity, nutrient contents, C/N ratio, water/air ratio,
total porosity, water retention capacity and drainage (Barreto
et al., 2018).

Among agroindustry wastes, those from sugarcane
industry stand out, such as fresh sugarcane bagasse, used
by local farmers of mango and grape for soil mulching, and
enriched sugarcane bagasse, which is an organic compound
formed by mixing sugarcane bagasse, filter cake, sugarcane
washing sludge and vinasse, and used as organic fertilizer
by local farmers. In addition, there are wastes from other
industries such as the coconut one and, according to Sa
et al. (2015), for every 250 cm? of coconut water bottled in
Brazilian semi-arid, 1 kg of residue (shell) is generated and a
fair portion of these shells is discarded, constituting a major
environmental problem.

Fertilization of fruit crops using fertilizer sources with
slow or controlled nutrient release is efficient and enables
continuous nutrient availability, therefore, lower occurrence
of deficiency and lower nutrient losses through leaching,
making split applications of other sources unnecessary and
reducing costs (Almeida et al., 2019).

Custard apple is a high nutrient demand plant if compared
with other commercial fruit crops, such as pineapple, avocado,
orange, banana and soursop (Cavalcante et al., 2012), but there
are almost no reports in the scientific literature on its nutrient
accumulation, especially during seedling production stage.

Hence, the present study aimed to evaluate the nutrient
accumulation, leaf chlorophyll index and nutrient absorption
efficiency in custard apple seedlings produced in different
organic substrates under six slow-release fertilizer doses.

Materials and Methods

Plant materials and growth conditions

Custard apple (Annona squamosa L.) seeds were obtained
from fruits commercialized in the commercial market. Ripe
custard apples were manually pulped to remove the seeds,
which were then soaked in water for 24 h.

The study was conducted in two cycles of production of
custard apple seedlings, the first one from May 29 to September
15, 2015, and the second one from March 18 to July 4, 2016, in
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screened nursery (50% shade) at Universidade Federal do Vale
do Sdo Francisco, Petrolina county, Pernambuco state, Brazil.
According to Képpen's classification, the climate of the region
is BSwh, very hot and dry steppe climate. Monthly means of
climatic variables for temperature, relative air humidity and
rainfall recorded along the experiment were 26.32 °C, 56.38%
and 8 mm, respectively.

Treatments and experimental design

The experimental design was randomized blocks in split-
plot scheme, with four replicates and eleven plants per
plot. Plots were represented by four organic substrates:
fresh sugarcane bagasse; enriched sugarcane bagasse
(obtained by composting fresh sugarcane bagasse, cake filter,
sugarcane washing sludge and vinasse); coconut powder; and
commercial substrate Tropstrato®’. Each plot was subdivided
into six subplots, represented by the doses of the slow-release
fertilizer Osmocote Plus® (NPK 15-9-12): 0, 3, 6, 9, 12 and 15
kg m3,

The fertilizer Osmocote Plus® 15-9-12 has minerals coated
by a membrane that allows slow supply, along three to four
months, and composition of 15% nitrogen (N), 9% phosphorus
(P,0,), 12% potassium (K,0), 1.3% magnesium (Mg), 5.9%
sulfur (S), 0.02% boron (B), 0.05% copper (Cu), 0.46% iron (Fe),
0.02% manganese (Mn), 0.02% molybdenum (Mo) and 0.05%
zinc (Zn). The commercial substrate Tropstrato® is composed
of pine bark, peat and expanded vermiculite.

The substrates were characterized physically and
chemically (Table 1). Physical characteristics were determined
using the method described in the Normative Instruction of n2
17, of May 21, 2007, from the Ministry of Agriculture, Livestock

Table 1. Chemical and physical attributes of the substrates
fresh sugarcane bagasse (S1), enriched sugarcane bagasse
(S2), coconut powder (S3) and commercial substrate (S4) used
in the experiment.

YElectrical Conductivity (EC); ¥Organic Matter (OM); ¥Cation Exchange Capacity (CEC);
Density (Dsub); ¥Total Porosity.
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and Food Supply (MAPA, 2007). Chemical characteristics
(macro- and micronutrients) were determined according to
the methodology described by Malavolta et al. (1997).

Substrates were arranged on 16 benches (tanks) (1.2
m long x 0.6 m wide x 0.8 m high). Each fertilizer dose was
applied in three rows with eleven plants arranged alternately,
guaranteeing minimum spacing of 10 cm between plants,
which were representative of the subplots.

To plant the seeds, each substrate and the slow-release
fertilizer were manually mixed, with the aid of shovel and hoe.
Tubes (0.131 m high and 180 cm? volume) were manually filled
with the mixture (substrate + Osmocote®) and arranged side
by side on trays. The substrate coconut powder was subjected
to washing prior to sowing to eliminate the excess of Na*ions.

Seeds were planted at approximately 1.0 cm depth. Then,
vermiculite was added on the substrate and the first irrigation
was applied using a watering can.

A sub-irrigation system, in which tubes were partially
immersed in water for five minutes, was used to irrigate
the substrate, twice a day, at 9 h and 15 h, to ensure full
moistening. The experiment was monitored and there were
no phytosanitary problems. Plants were thinned at 45 days
after sowing (DAS), when seedlings showed two vigorous true
leaves, leaving only the most developed seedling.

Variables recorded and statistical analyses

The final evaluation of the experiment was carried out at
105 DAS. Relative indexes of chlorophyll a, b and total were
determined in the second pair of leaves, in two leaves per
plant. Readings were taken on the leaf blade in such a way
that the instrument did not come into contact with the midrib,
using a portable chlorophyll meter (ClorofiLog Falker®, Brazil).
Shoots and root systems of custard apple seedlings were
separated in the nursery and taken to the laboratory, where
they were washed with distilled water and dried in forced air
circulation oven at 65-70 °C until constant weight. Then, the
material was weighed to determine shoot and root dry matter.

After the plant material was dried and ground in a Wiley-
type mill, 0.5-g portions of these samples were mineralized
by dry digestion to determine the contents of macro- and
micronutrients, according to methodologies described by

Teixeira et al. (2017): 1) Phosphorus (P): determined by UV
visible spectrophotometry; IlI) Potassium (K) and Sodium
(Na): determined by flame emission photometry; Ill) Calcium
(Ca) and Magnesium (Mg): determined by atomic absorption
spectrophotometry; IV) Iron (Fe), Manganese (Mn) and Zinc
(Zn): determined by atomic absorption spectrophotometry.
Nitrogen was determined in solutions obtained from extracts
prepared by sulfuric acid digestion, using the Kjeldahl method,
according to Teixeira et al. (2017). The chemical analyses
provided the contents of P, K, Na, Fe, Mn, Zn and N in the
shoots and roots of custard apple seedlings.

Contents of nutrients and dry matter of the plants were
used to calculate the total contents of nutrients in the shoots
and roots of custard apple seedlings. In addition, nutrient
absorption efficiency indexes (AEl) were calculated using
the equation described by Swiader et al. (1994): AEl = total
nutrient content in the plant/root system dry matter.

The data were subjected to analysis of variance by F
test at 0.05 probability level. When significant, means of
characteristics relative to the evaluated types of substrates
were compared by Scott-Knott test. Interactions between
factors considered as significant, by F test at 0.01 and 0.05
probability levels, were subjected to regression analysis.

Results

There was significant interaction between substrates and
doses of the slow-release fertilizer for the nutrient contents
in shoots and roots of custard apple seedlings, as well as for
the indexes of leaf chlorophyll a, b and total (Tables 2 and 3).

The substrates containing enriched sugarcane bagasse and
coconut powder promoted linear increase of N shoot content
of custard apple seedlings as a function of the increment
in slow-release fertilizer doses (Figure 1a). From the non-
fertilized treatment to the highest slow-release fertilizer
dose, relative N shoot accumulation, was substantially higher
for substrate coconut powder (542.6%), while 101.6% was
recorded for substrate enriched sugarcane bagasse. In the
substrates fresh sugarcane bagasse and commercial substrate,
maximum N accumulation corresponded to 20.65 and 20.54
mg plant?, respectively.

Table 2. Contents of nitrogen, phosphorus, calcium, magnesium, potassium, sodium, iron, manganese and zinc in the shoots
and indexes of chlorophyll a, b and total in custard apple seedlings as a function of different substrates and doses of slow-

release fertilizer.

/51, fresh sugarcane bagasse; S2, enriched sugarcane bagasse; S3, coconut powder; S4, commercial substrate. ?Means followed by the same letter in the column do not differ
statistically by Scott-Knott test. ¥ns, * and ** indicate not significant, significant at 0.05 and 0.01 probability levels, respectively. “Osmocote” dose.
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Table 3. Contents of nitrogen, phosphorus, calcium, magnesium, potassium, sodium, iron, manganese and zinc in the root
system of custard apple seedlings as a function of different substrates and doses of slow-release fertilizer.

/51, fresh sugarcane bagasse; S2, enriched sugarcane bagasse; S3, coconut powder; S4, commercial substrate. ¥Means followed by the same letter in the column do not differ
statistically by Scott-Knott test. ¥ns, * and ** indicate not significant, significant at 0.05 and 0.01 probability levels, respectively. “Osmocote” dose.

Figure 1. Contents of nitrogen (a, b), phosphorus (c, d) and potassium (e, f), calcium (g, h) and magnesium (i, j) in shoots and
roots of custard apple seedlings as a function of different substrates and doses of slow-release fertilizer. **, *significant at 0.01
and 0.05 probability levels by t-test, respectively. S1, fresh sugarcane bagasse; S2, Enriched sugarcane bagasse; S3, Coconut

powder; S4, commercial substrate.

N root accumulation showed a similar tendency to that
recorded for shoots, except for substrate enriched sugarcane
bagasse, in which maximum accumulation occurred at the
estimated slow-release fertilizer dose of 9.15 kg m* (Figure
1b).

The substrate coconut powder led to higher Paccumulation
in the shoots and roots of custard apple seedlings (9.32 and
8.55 mg plant?, at slow-release fertilizer doses of 15 and
11.19 kg m3, respectively) (Figure 1c and 1d). No significant
regression models were found for K accumulation in the
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shoots of custard apple seedlings grown in the substrates
enriched sugarcane bagasse and coconut powder (Figure 1e).
In this compartment, higher K content was obtained in plants
grown in the substrate commercial substrate. Considering
the point of maximum K accumulation in the shoots (at slow-
release fertilizer dose of 9.80 kg m?3), the substrate commercial
substrate allowed increase of 4.6 times compared with the
absence of slow-release fertilizer application. K accumulation
in the root system was also higher in the substrate coconut
powder (Figure 1f).
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The substrate commercial substrate also allowed
increment in Ca contents in the shoots and roots of custard
apple seedlings. Nonetheless, seedlings cultivated in the
substrate coconut powder showed higher Ca accumulations
in both compartments (Figure 1g and 1h).

Mg content in the shoots was higher in the substrate
commercial substrate (13.14 mg plant?), whereas in the
substrates coconut powder and fresh sugarcane bagasse,
the contents were 10.95 and 2.75 mg plant?, respectively,
considering the maximum slow-release fertilizer dose (Figure
1i). In the root system, the substrate coconut powder was
more effective in promoting higher Mg accumulation, with
maximum efficiency at the estimated Slow-release fertilizer
dose of 9.02 kg m™ (Figure 1j).

Fe shoot contents of custard apple seedlings, as a function
of slow-release fertilizer doses, fitted to a quadratic model
for the substrates: commercial substrate and fresh sugarcane
bagasse (Figure 2a). For coconut powder, Fe content increased
linearly from 0.02 to 0.08 mg plant™® between the lowest and
highest slow-release fertilizer dose.

In custard apple seedling roots, Fe contents were 0.17,
0.27 and 0.31 mg plant™ at slow-release fertilizer doses of 9.0,
8.4 and 6.4 kg m3 in substrates coconut powder, commercial
substrate and enriched sugarcane bagasse, respectively
(Figure 2b).

Mn and Zn shoot contents were higher in substrate
coconut powder, with maximum values of 0.10 and 0.036 mg
plant?at the slow-release fertilizer dose of 15 kg m (Figures
2c and 2e). Similar data distribution was observed for shoot
Mn content of custard apple seedlings grown in the substrates
enriched sugarcane bagasse and commercial substrate.

For custard apple seedling roots, higher Mn and Zn
contents were also found in substrate coconut powder, with
the maximum estimated values of 0.056 and 0.058 mg plant™*
at the slow-release fertilizer doses of 11.0 and 13.3 kg m?,
respectively (Figures 2d and 2f).

Indexes of chlorophyll a, b and total increased with the
enhancement of the slow-release fertilizer doses (Figures 2g,
2H and 2I). The maximum estimated indexes of chlorophyll a
in the substrates fresh sugarcane bagasse, coconut powder

Figure 2. Contents of iron (a, b), manganese (c, d) and zinc (e, f) in the shoots and roots of custard apple seedlings and index
of chlorophyll a (a), chlorophyll b (b) and total chlorophyll (c) as a function of different substrates and doses of slow-release
fertilizer. **, *significant at 0.01 and 0.05 probability levels by t-test, respectively. S1: fresh sugarcane bagasse; S2: Enriched
sugarcane bagasse; S3: Coconut powder; and S4: Commercial substrate.
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and commercial substrate were 37.91, 37.95 and 37.97 at
slow-release fertilizer doses of 10.9, 11.3 and 10.8 kg m?3,
respectively (Figure 2g). The substrate enriched sugarcane
bagasse promoted the maximum estimated value of 34.8
at the slow-release fertilizer dose of 12 kg m* (Figure 2g).
Similar data distribution was found for chlorophyll b and total
chlorophyll indexes, with increments of 2.2 times in total
chlorophyll (commercial substrate) compared with the slow-
release fertilizer dose of 0.0 kg m?3.

Absorption efficiency index (AEI) in custard apple seedlings
tend to increase with the increment in slow-release fertilizer
doses and were influenced by the substrate (Figure 3). This
result is clear in the AEl for N (Figure 3a) and P (Figure 3b).

In the absence of slow-release fertilizer, AEl values for N
were 0.0294, 0.0427, 0.0078 and 0.0090 in seedlings grown
in fresh sugarcane bagasse, enriched sugarcane bagasse,
coconut powder and commercial substrate, respectively. For

Figure 3. Absorption efficiency index for nitrogen (a),
phosphorus (b), potassium (c), calcium (d), magnesium (e),
iron (f), manganese (g) and zinc (h) of custard apple seedlings
as a function of different substrates and doses of slow-release
fertilizer. **, *significant at 0.01 and 0.05 probability levels by
t-test, respectively S1: fresh sugarcane bagasse; S2: Enriched
sugarcane bagasse; S3: Coconut powder; and S4: Commercial
substrate.
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the highest slow-release fertilizer dose (15 kg m3), AEl values
for the same substrates were 0.1194, 0.0892, 0.0228 and
0.0180, respectively, which are equivalent to increments of
approximately 4.1, 2.1, 2.9 and 2 times in the AEIl for N.

For P, the highest AEI (0.0482) was also found for fresh
sugarcane bagasse, but at slow-release fertilizer dose of 14.5
kg m?3. The highest AEl values for K (0.1009), Ca (0.0894)
and Mg (0.1033) were observed in the substrates enriched
sugarcane bagasse, enriched sugarcane bagasse and
commercial substrate, respectively (Figure 3c, 3d and 3e).

No difference was recorded in AEl values for Fe between
substrates (Figure 3f), but highest AEI (0.00052) occurred at
the estimated slow-release fertilizer dose of 10.43 kg m3.
AEl values for Mn and Zn increased as a function of slow-
release fertilizer doses (Figure 3g and 3h), except the AEI for
Zn in custard apple seedlings grown in the substrate enriched
sugarcane bagasse (Figure 3h).

Discussion

The hypothesis that gradual increase in N availability
to custard apple seedlings allows higher accumulation of
nutrients in shoots and roots has been confirmed in the
present study. It was also possible to observe that the
seedlings’ response is different according to the substrate.

The greatest difference in N shoot content of custard apple
seedlings between the absence of slow-release fertilizer and
its maximum dose was obtained in the substrate coconut
powder. Such response may be associated with the physical
characteristics of coconut powder (high moisture and porosity,
Table 1). Moreover, higher P accumulation in coconut powder,
both in shoots and roots, may have allowed greater access to
N by the seedlings, since higher P absorption tends to enhance
root system development (Taiz et al., 2018). Such higher N
accumulation stimulates vegetative development, because
this nutrient is a constituent of various molecules that induce
the production of phytohormones, such as gibberellins and
indole acetic acid, besides participating in chloroplasts and
other cell components (Sdo José et al., 2014).

In cherimoya and custard apple under N deficiency, older
leaves become pale green to yellowish and dull, and there is a
reduction in plant growth and leaf size, and plant growth may
even be paralyzed (S3o José et al., 2014).

In this context, the substrates fresh sugarcane bagasse,
enriched sugarcane bagasse and commercial substrate may
have limited the absorption of N and P, causing a reduction in
their contents from a certain dose of slow-release fertilizer due
to the possible decrease in seedling growth (Figure 1a to 1d).
The substrate characterization (Table 1) clearly demonstrates
that fresh sugarcane bagasse, enriched sugarcane bagasse
and commercial substrate had lower moisture, which may
lead to lower absorption of some nutrients, especially P,
which is characteristically translocated by diffusive flow, a
process highly dependent on the volumetric water content in
the substrate (Taiz et al., 2018).
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On the other hand, despite showing a quadratic data
distribution for all substrates, K root accumulation of custard
apple seedlings was high, evidencing high absorption rate by
plants, being the second most absorbed nutrient, lower than
N only (Silva et al., 2017). K is the nutrient exported in greatest
amount by soursop and the second most exported by custard
apple (Sdo José et al., 2014). These authors also claim that, in
Annonaceae species, K is fundamental from the initial seedling
growth stage to the fruit production stage. Hence, considering
the K root system content, coconut powder provides better
conditions for seedlings to perform the physiological processes
influenced by K, such as meristematic growth (Zhang et al.,
2020) and stomatal activity (Nguyen et al., 2017).

In the seedling development stage, due to higher Ca
accumulations in both plant compartments, the substrate
coconut powder can be more effective than the others, since
Ca is important for plant resistance to diseases (cell wall
protection) and performs essential biochemical functions,
besides supporting many metabolic processes (Thor, 2019).

Custard apple seedlings grown in enriched sugarcane
bagasse and commercial substrate substrate showed higher
Fe contents, because these substrates have higher contents
of this nutrient (Table 1). Fe is related to various metabolic
activities, participating in the formation of some enzymes
(catalase, peroxidase, cytochrome oxidase and xanthine
oxidase), and it is crucial for plant respiration, photosynthesis,
N, fixation and electron transfer between Fe* and Fe** (Taiz
etal., 2018).

Rezende et al. (2010) evaluated the nutritional status
of citrus seedlings along their development in protected
environment, under irrigation, and observed that greater
amounts of micronutrients (Fe, Mn and Zn) were present in
roots, which demonstrates that roots became storage organs
for the excess of nutrient absorbed by the plant. Tecchio et
al. (2006) obtained similar results evaluating growth and
nutrient accumulation in Swingle citrumelo rootstock grown
in substrate and found higher Mn and Fe accumulation roots.

Adequate micronutrients supply, especially Fe, is essential
to maintain the green color in custard apple leaves. The
N addition through slow-release fertilizer allowed higher
chlorophyll index in custard apple seedlings. Besides the
contribution of N to chlorophyll synthesis, Fe plays an
important role in the maintenance of high chlorophyll indexes,
since it effectively participates in the light reaction stages
of the photosynthetic process. Liu et al. (2017) observed, in
Arabidopsis thaliana, increase in the expression of ethylene
response factor ERF72 in leaves and roots of plants under
Fe deficiency. In addition, these authors found that ERF72
directly binds to the promoter regions of the CLH1 chlorophyll
degradation gene to regulate its expression, decreasing
chlorophyll content in the leaves and causing chlorosis under
Fe deficiency conditions.

Not less important, Mg plays essential role in chlorophyll
synthesis, forming Mg-porphyrins (Malavolta et al., 1997). The
same authors argue that Fe is involved in chlorophyll synthesis
as well. They also claim that about 80% of Fe in green leaves
is located in the chloroplasts, and when there is deficiency
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of this micronutrient, chlorophyll content and number of
chloroplasts are reduced. Hence, it is possible to infer that
slow-release fertilizer addition to the substrates — besides
their composition — provides sufficient amounts of Mg and Fe
for the synthesis of chlorophyll a, b and total.

AEl values for the analyzed nutrients were affected by the
substrates and slow-release fertilizer doses, demonstrating
that AEl tends to increase as the availability of nutrients
increases.

The studied slow-release fertilizer has different proportions
of macro- and micronutrients and, because of that, the
increment in fertilizer doses and consequent proportional
increment in each nutrient may have positively influenced the
AEl for each nutrient studied. Moreover, there may have been
positive interaction between nutrients, allowing higher AEI
with the increasing doses of the slow-release fertilizer. Xavier
& Natale (2017) observed positive interaction between B and
N in starfruit rootstocks, which showed higher N absorption
efficiency with the increment in B doses.

AEl depends on the demand of each nutrient and on the
plant species studied, besides the physical characteristics of
the soil or substrates (Huygens & Saveyn, 2018). This index
was devised by Swiader et al. (1994) and indicates the nutrient
uptake capacity by plants in the cultivation medium based on
root system dry matter.

In custard apple seedlings, the sequence of AEIl for
nutrients was N > Mg > K > Ca > P > Fe > Mn > Zn. Silva-Matos
et al. (2015), evaluating yellow passion fruit seedlings in
different substrates containing proportions of decomposed
buriti trunk and boron, observed that AEl obeyed the
following decreasing order of macronutrients: N > K > P. This
indicates that characteristics of the plant species, substrate
and type of fertilizer play an important role in the preference
of absorption of nutrients.

Conclusions

The organic substrates and the slow-release fertilizer doses
affect the macro- and micronutrients contents and indexes of
chlorophyll a, b and total in custard apple seedlings.

Higher nutrient availability enhances the respective
nutrient absorption indexes (AEl) in custard apple seedlings.

Coconut powder associated with 9 kg m?3 slow-release
fertilizer dose is efficient to produce custard apple seedlings.
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