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Abstract

The objective of this study was to evaluate the growth and quality of arabica coffee seedlings
produced in tubes under different sources of phosphorus (P). The experiment was conducted in a
greenhouse in a randomized block design with ten treatments (control, Osmocote®, three doses of
pelleted organomineral, three doses of mashed organomineral, MAP, coated MAP) and four
replications, three plants per plot. The dose of organomineral, MAP, and MAP coated was based on
the recommendation of P,Os for the formation of coffee seedlings. For Osmocote®, the
manufacturer's recommendation was used depending on the amount, in dm3, of substrate. After 180
days of transplanting, the growth characteristics of the plants (leaf dry matter, stem, and roots) were
evaluated, and the aerial part and root system ratio and Dickson's quality index were calculated, as
well as regression equations were adjusted for the evaluated parameters. For the growth and quality
of seedlings, it was observed that in fertilizations with pelleted and branched organomineral, coated
MAP and Osmocote®, the highest averages were obtained for the contents of dry matter, height,
diameter of the collection and quality indexes, when compared to the other sources of P,Os. The
dose that provides the maximum growth and quality of coffee seedlings for the treatments with
organomineral was calculated, this being equal to 6 g/dm® of P,Os for bran and pelleted
organomineral. According to the results, the sources that promoted the formation of a vigorous
seedling, with an adequate supply of nutrients and a good quality standard are pelleted
organonineral fertilization and MAP, reducing the risk of losses and consequently the need to
discard the seedlings in the nursery.
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FONTES DE FOSFORO NO CRESCIMENTO E QUALIDADE DE MUDAS DE CAFE
ARABICA PRODUZIDAS EM TUBETES
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Resumo

O objetivo deste estudo foi avaliar o crescimento e a qualidade de mudas de café ardbica produzidas
em tubetes sob diferentes fontes de fosforo (P). O experimento foi conduzido em casa de vegetacao
em delineamento de blocos casualizados com dez tratamentos (controle, Osmocote®, trés doses de
organomineral peletizado, trés doses de organomineral farelado, MAP, MAP revestido) e quatro
repeticdes, trés plantas por parcela. A dose de organomineral, MAP e MAP revestido foi baseada na
recomendacdo de P,Os para a formacdo de mudas de café. Para Osmocote®, foi utilizada a
recomendacdo do fabricante em funcdo da quantidade, em dms3, de substrato. Apdés 180 dias do
transplante, foram avaliadas as caracteristicas de crescimento das plantas (matéria seca de folhas,
caule e raizes), calculadas a razdo parte aérea e sistema radicular e o indice de qualidade de
Dickson, bem como ajustadas equacdes de regressdo para 0s parametros avaliados. Para o
crescimento e qualidade das mudas, observou-se que nas adubagdes com organomineral peletizado
e farelado, MAP revestido e Osmocote®, as maiores médias para os teores de matéria seca, altura,
didmetro da coleta e indices de qualidade, quando comparados as outras fontes de P,Os. Foi
possivel identificar a dose que proporciona 0 maximo crescimento e qualidade de mudas de café
para os tratamentos com organomineral, sendo esta igual a 6 g/dm3 de P,Os para o organomineral
farelado e peletizado. De acordo com os resultados, as fontes que promoveram a formacdo de uma
muda vigorosa, com aporte adequado de nutrientes e um bom padrdo de qualidade s&o a adubacgéo
organomineral peletizada e MAP, reduzindo o risco de perdas e consequentemente a necessidade de
descarte das mudas no viveiro.

Palavras-chave: Coffea arabica L.; liberacdo lenta de nutrients; manejo de adubacéo; viveiro.

Introduction

Coffee is one of the main products traded worldwide, with sales hovering around ninety
billion dollars, with Brazil being the world's largest producer (VILELA et al., 2017; SANTOS et
al., 2022). Therefore, when it comes to nutrients in coffee, from seedling production to high
yielding plantations, experiments targeting fertilizer doses at each stage of production are scarce
(SOBREIRA et al., 2011).

In the production of quality coffee seedlings, we have as a limiting factor the fertilization
of the substrate (OLIVEIRA et al.,, 2019), necessary to maximize the development of coffee
seedlings, influencing seedling quality and survival under field conditions (SANTOS et al., 2019).
Among the essential elements in seedling production, phosphorus stands out for its participation in
the physiological processes of the plant and manifests a key role in ATP production reactions for
plants (TAIZ et al., 2017).
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For fertilizer recommendations, the nutritional demand of the plants for vegetative and

reproductive growth is evaluated, considering the efficiency of use of the fertilizers applied
(LAVIOLA et al., 2007). Thus, for adequate availability of phosphorus to the plants, the correct
management of phosphate fertilization must be considered, evaluating the source used and the most
suitable mode of application for the substrate (CORREA et al., 2005).

Aimed at producing seedlings at low cost and increasing the efficiency of phosphate
fertilizer use, ensuring the adequate development of coffee seedlings, we have the use of slow
release technologies, which differ due to their solubility, chemical composition, granulometry,
reactivity and release rate (LEMOS et al., 2015; CAIONE et al., 2012). In this way, the objective of
this study was to determine the effect of growth and quality of Arabica coffee seedlings produced in

tubes, submitted to different sources of P.

Material and Methods

The experiment was conducted in a plant propagation room and greenhouse at the
Department of Agronomy of the Federal University of the Valleys of Jequitinhonha and Mucuri -
UFVJM, Diamantina, MG, located in the Alto Jequitinhonha region, with an average altitude of
1400 meters, latitude 18°14'17' 'and longitude 43° 36' 40".

A randomized block design (DBC) was used with ten treatments and four replications,
three plants per plot, with the Arabica coffee cultivar Mundo Novo IAC 379/19. The commercial
substrate used is composed of sphagnum peat, coconut fiber, rice husks, pine husks, and
vermiculite.

The tubes (100 mL), used in this work, were washed and sterilized with 2% sodium
hypochlorite. The dose of organomineral, MAP, and MAP coated was based on the
recommendation of P,Os for the formation of coffee seedlings (MELO et al., 2006). For
Osmocote®, a manufacturer's recommendation of 4 g/dm?3 of substrate was used. In pelleted and
mashed organomineral fertilization, the doses of P,Os used for the experiment were 4, 8, and 12
g/dm?3 of a substrate. For the fertilization with MAP and coated MAP, the dose of P,Os used was 5
g/dm? of substrate. For the control, no fertilization was used.

Seeds of the Arabica coffee cultivar were placed in sandboxes,  remained in the growth
room, with a temperature of 30 °C and controlled humidity until they reached the stage of
“matchstick”. Then, the seedlings were transplanted into the tubes filled with commercial substrate,
where the phosphate fertilizers described above were applied. Irrigation was performed daily (water
depth of 7 mm/day).

After 180 days of transplanting, when half of the coffee seedlings reached five pairs of

fully expanded leaves, seedling growth and quality were assessed by determining the following
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characteristics: 1) leaf area, expressed in cm?, by the non-destructive method (ANTUNES et al.,

2008); 2) height of the aerial part, expressed in cm, measured with a millimeter ruler, from the
collection to the apical bud; 3) stem diameter, expressed in mm, measured with a digital caliper; 4)
leaf dry matter, stem dry matter and root dry matter, expressed in grams, determined on a precision
analytical balance; 5) relationship between shoot dry matter and root dry matter (RPAR); 6) 1QD:
Dickson's quality index, obtained by the formula 1QD = [total dry matter/(RAD (relationship of
height to the stem diameter) + RPAR (relationship between shoot dry matter and root dry matter)]
(DICKSON et al., 1960).

The data obtained were submitted to analysis of variance (p < 0,05), unfolding the
significant interaction, using the Tukey test at 5% probability for comparisons between treatments.
Regression analysis was also performed depending on the doses of pelleted and mashed

organomineral fertilization.

Results and Discussion

The height, stem diameter, and leaf area of the coffee seedlings were affected by the dose
and source of P used (Table 1). The highest height was observed in pelleted and mashed
organomineral fertilization, at a dose of 4 g/dm3, Osmocote®, and the coated MAP, in which the
height was more than ten centimeters. At the highest doses of pelleted and mashed organomineral
(12 g/dm3), seedlings had low values for this variable, with averages below seven centimeters in
height.

Evaluating the height in isolation, it is not a good characteristic to express the quality of
seedlings, because very tall coffee seedlings, with a characteristic of etiolation, may be due to a
physiological adjustment in search of light to avoid low irradiance from the environment
(DARDENGO et al., 2013). In this study, the greater heights found are justified by the supply of P,
in an appropriate dose, causing cell elongation so that the plants invested in growth in height
(ARAUJO, 2009).

The stem diameter of Arabica coffee seedlings was higher in treatments with Osmocote®,
pelleted organomineral at a dose of 4 g/dm3, and the coated MAP, obtaining values close to and
greater than three millimeters (Table 1). The stem diameter is a characteristic considered less
affected by factors such as shading and type of production container (DARDENGO et al., 2013),
the diameter of the stem is one of the fundamental characteristics when deciding whether the
seedling is ready for planting (MENEGHELLI et al., 2017). According to Santos et al. (2010), the
larger diameter of the stem can demonstrate more vigorous plants. Coffee seedlings produced in
120 mL tubes with Osmocote® 15-10-10 reached a height of 16.96 cm and a diameter of 2.82 mm
(VALLONE et al., 2010).
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The highest averages for leaf area were observed in treatments with Osmocote®, pelleted

organomineral at a dose of 4 g/dm?3 and coated MAP, with average values above 83 cm? (Table 1).
This shows that the photosynthetic processes of the coffee seedling, through the supply of P in an
adequate amount, allow the seedling to invest in leaf expansion to capture solar radiation. It is
important to note that, in absolute values, the highest value obtained in fertilization with pelleted
organomineral at a dose of 4 g/dm3, followed by coated MAP and Osmocote®.

The lowest values for leaf area were found in the highest doses of pelleted and mashed
organomineral (12 g/dms3), with an average corresponding to approximately half of the maximum
values found (Table 1). The evaluation of coffee seedlings considering the leaf area is a relevant
characteristic because it interferes with the photosynthetic rate of the plant through the capture of
solar energy and in the fixation of CO, which results in greater production of photoassimilates with
a subsequent location in other organs of the plant (DARDENGO et al., 2013; FERRARI et al.,
2015).

Table 1. Height (ALT), stem diameter (DC) e leaf area (AF) of Arabica coffee seedlings produced

in tubes and submitted to different sources of P.

Fertilizing ALT (cm) DC (mm) AF (cm?)
Control 5,68 e 192e 11,01 f
Osmocote® 12,31 a 3,05a 83,67 ab
OMP 4 12,37 a 3,03 ab 87,82 a
OMP 8 10,94 b 2,44 c 75,60 ¢
OMP 12 6,85¢€ 2,02 de 42,27 e
OMF 4 11,72 ab 2,80b 79,52 bc
OMF 8 9,62 cd 2,27cC 61,65 d
OMF 12 6,72 ¢ 1,95¢€ 45,40 e
MAP 10,85 bc 2,42 ¢ 75,33 ¢
MAP R. 12,05 ab 2,93 ab 86,25 ab
Overall Average 9,81 2,45 63,4
CV (%) 9,72 7,39 9,15

MAP: Monoammoniumphosphate (09-48-00); MAP R.: MAP coated (10-50-00); OMP: pelleted organomineral (07-30-
00); OMF: mashed organomineral (07-30-00); 4, 8, 12: doses de P,Os in g/dm3. Means followed by equal letters in the
column do not differ by Tukey's test at 5% probability.

Fertilization with pelleted and mashed organomineral at a dose of 4 g/dms3, Osmocote®,

and the coated MAP showed the highest mean dry matter of leaves, with values greater than 0.60 g.
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At the highest doses of mashed and pelleted organominerals (12 g/dm3) and the treatment without

fertilization, low production of drymatter of the leaves was observed, with values below 0.36 g
(Table 2).

An increase in the dry matter content of leaves and roots represents an improvement in the
production of coffee seedlings (COGO et al., 2011), this pattern of seedlings should be
recommended to the producer in order to reduce their youth (BALIZA et al., 2013). The dry matter
of the aerial part is also related to the development of the stem and leaf area because the leaves are
responsible for photosynthesis (CARMO et al., 2016).

The highest average dry matter of the stem (Table 2) of Arabica coffee seedlings was
above 0.20 g, in treatments fertilized with pelleted and mashed organomineral at a dose of 4 g/dm?,
coated MAPand Osmocote®. At the dose of 12 g/dm3 of pelleted and branched organomineral, and
in the control, we obtained the lowest averages, with values below 0.1 g.

For root dry matter (Table 2) difference was observed between treatments, where
Osmocote®, pelleted and mashed organomineral at a dose of 4 g/dm? and coated MAP obtained the
highest averages, with values close to or above 0.60 g. At the highest doses of organomineral, low
production of dry matter from roots is observed, which can infer the effect of salinity on the
substrate, predisposing the plant to an environment not conducive to the good development of the
root system.

The root dry matter characterizes coffee seedlings, as deep, branched and well-distributed
roots that promote good seedling development, being responsible for extracting water, substrates,
and anchoring the plant in the soil (PEREIRA et al., 2017). Small, weak vigorous and little
branched roots result in smaller plants, delaying their phenological development and consequently
the productive response of the coffee crop, leading to the extension of the seedlings' youth fulness
and consequent delay at the beginning of production (BALIZA et al., 2013).

The greater development of coffee seedlings in treatments with pelletized organomineral,
coated MAP and Osmocote® demonstrate good availability of P in the substrate, stimulating the
growth of the roots, and as a consequence the absorption of water and nutrient, promoting a good
growth of the seedling. It is important to highlight that the treatments with higher averages for the
dry matter content of the seedling also obtained a larger leaf area, allowing the production of
adequate dry matter in response to the capture of incident solar radiation by the leaves, this process
being a direct reflection of the liquid photosynthetic production added to the good availability of
nutrients.

Possibly, the lowest values for leaf, stem, and root dry matter occurred due to the burning
of roots resulting from the salinity of the substrate, caused by the excess nutrients inside the tube,

affecting the growth of roots, and aerial part, preventing the proper growth of the seedling. The
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study of biometric characteristics is relevant to obtain information on the production of better-

quality seedlings in commercial substrate, using slow-release fertilizers.

Similar results were found for Eucalyptus urograndis seedlings as a function of alternative
substrates fertilized with Osmocote®, observing an average of 0.69 g of root dry matter in substrate
with coconut fiber, carbonized rice husk and vermiculite (SILVA et al., 2012). According to Sousa
et al. (2021) studying the use of organominerals in the development of Leucena obtained higher
root dry mass and robustness index averages by using organomineral fertilizer. In other words,
alternative sources of P to Osmocote® allow satisfactory root growth.

Quantitative assessments are commonly used and are good indicators of coffee seedling
growth. However, they can lead to errors when used alone. Situations where excess nitrogen occurs,
or leaf growth to the detriment of the root system, cause the use of wrong growth rates. With this in
this study, we use relations between these growth indexes, calculated the ratio of the dry matter of
the aerial part to the dry matter of roots (RPAR), and Dickson's Quality Score (IQD).

For the aerial part/root system relationship (RPAR), the control treatments, pelleted and
mashed organomineral at a dose of 12 g/dm3 were similar and presented higher averages (Table 2).
This can be explained by the negative influence of the lack of nutrients and the salinization caused
by organomineral fertilization inside the tube, promoting low growth of the root system.

The highest averages for the Dickson Quality Index were in the treatments with
Osmocote®, mashed and pelleted organomineral at a dose of 4 g/dm3, and the MAP coated (Table
2). And the lowest averages in those with the highest doses of pelleted and branched organomineral
and the most soluble sources of P with values between 0.17 and 0.05, resulting in low-quality of
seedlings.

The highest averages for the Dickson Quality Index observed are a consequence of the
highest values found for the dry matter content of leaf, stem, and roots, of the height and diameter
of the collection, providing the balance of dry matter distribution to the seedling, resulting in the
production of quality seedlings, in addition to characterizing a positive correlation with a direct and
favorable effect with the main variable under study (IQD) (SILVA et al., 2010). The Dickson
quality index was established with an average of 0.24 (LEMOS et al., 2015) and 0.62 (SILVA et
al., 2010) for Arabica coffee seedlings. In leucena, seedlings treated with organomineral and
mineral fertilizer were found Dickson quality indices of 0.18 and 0.17, respectively (SOUSA et al.,
2021).
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Table 2. Leaf dry matter (MSF), stem dry matter (MSC), root dry matter (MSR), shoot/root system

relationship (RPAR) e Dickson's quality score (IQD) of coffee seedlings produced in tubes and

submitted to different sources of P.

Fertilizing MSF(g MSC(g MSR(g) RPAR 1QD
Control 0,14 f 0,05d 0,09¢c 2,31lab 0,05c
Osmocote® 0,64 ab 0,21a 0,57 a 1,55¢c 0,25a
OMP 4 0,66 a 0,23a 0,60 a 1,50 ¢ 0,27 a
OMP 8 0,52¢c 0,19 ab 0,39b 1,87 bc 0,17b
OMP 12 0,30 e 0,09 d 0,14c 2,86 a 0,08 c
OMF 4 0,61 abc 0,20 ab 0,54a 1,55¢ 0,26 a
OMF 8 0,49 cd 0,16 bc 0,36 b 1,62 bc 0,16 b
OMF 12 0,29 ¢ 0,08 d 0,14c 2,78 a 0,08 c
MAP 0,55 bcd 0,15¢ 0,40 b 1,79 bc 0,17b
MAP R. 0,61 abc 0,22 a 0,57a 1,48¢ 0,25a

Overall average 0,47 0,16 0,37 1,93 0,17
CV (%) 16,47 18,1 20,64 23,48 18,49

MAP: Monoammoniumphosphate (09-48-00); MAP R.: MAP coated (10-50-00); OMP: pelleted organomineral (07-30-
00); OMF: bran organomineral (07-30-00); 4, 8, 12: doses de P,Os in g/dm3. Means followed by equal letters in the
column do not differ by Tukey's test at 5% probability.

From the regression study of the doses of pelleted and mashed organomineral, there was a
significant effect on height, stem diameter, leaf dry matter, stem dry matter, root dry matter, aerial
part/root system ratio, and quality index from Dickson. For the leaf area, there were differences
between doses and between pelleted and mashed organomineral fertilization (Figure 1).

The height and diameter of the stem (Figure 1A and 1B) showed quadratic behavior, with
higher values at the dose of 4 g/dm?3 of P. At higher doses, there was a drop in the seedling growth
curve. The seedlings showed a late response to the dose of 8 g/dm? of P, showing values close to the
treatment with half of this dose. This indicates that the saline environment formed reduced the
formation and growth of the seedling.

It is also noted that the maximum point of this curve, which corresponds to a value where
the height and diameter of the stem are maximized, corresponds to 6.23 and 5.77 g/dms3,
respectively. Regarding the leaf area (Figure 1C), a parameter that is influenced by phosphate
fertilization (SOUZA et al., 2014) we observed that for treatments fertilized with organomineral,
the pelletized material stood out from the bran, presenting higher averages in the doses of 4 and 8

g/dm3 of P, demonstrating the importance of using controlled release fertilizers for the ideal
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development of the leaf area of the seedlings. The dose of 6.58 g/dm? for the pelleted organomineral

and 6.81 g/dms3 for the bran organomineral are the doses in which the leaf area is at its maximum

value, according to each equation generated.
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Figure 1. Height growth (ALT), stem diameter (DC), and leaf area (AF) of Arabica coffee

seedlings produced in tubes as a function of P doses.
According to the polynomial models adjusted for the dry matter of the leaves, stem and,

roots of coffee seedlings (Figure 2), we have that the doses of P that maximize the production of dry
matter of leaves, stem and, roots are respectively 6.33, 6.13 and 5.94 g/dmé.
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Figure 2. Leaf dry matter production (MSF), stem dry matter (MSC), root dry matter (MSR) of

Avrabica coffee seedlings produced in tubes as a function of P doses.

The effect of doses on the relationship between the aerial part/root system of coffee
seedlings and Dickson's quality index is shown through a quadratic polynomial model, but with
different behaviors (Figure 3). For Dickson's quality index (Figure 3B), there was a quadratic
behavior, where the dose that provides the maximum quality index corresponds to 5.92 g/dms.

Evaluating different doses of Osmocote® (14-14-14), Kato et al. (2018) observed the
response in growth and development of yellow passion fruit seedlings as a function of increasing
the dose, with 8.33 kg/m? being the best dose. For the production of Australian cedar seedlings,

similar results were found with maximum growth in dry mass of the aerial part, height, and
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diameter of the neck at doses 6 to 8 kg/m3 of Osmocote®, the same average dose obtained in the
present study for organomineral fertilization (SOMAVILLA et al., 2014).
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Figure 3. Shoot/root system relationship (RPAR) and Dickson Quality Score (IQD) of Arabica

g/dm® P,0,

coffee seedlings produced in tubes as a function of P doses.

Conclusion

From the present study, we can verify the viability of alternative fertilizers in the

production of coffee seedlings in tubes when using Osmocote®, since it is expensive and has a high

market value. This statement is based on the fact that sources such as coated MAP, organomineral
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pelletized and bran at a dose of 4 g/dm3 showed the highest values for height, stem diameter, leaf

area and, dry matter content of leaf, stem and, roots when compared to the other sources studied.
According to the regression study, the dose that provides the maximum values for the growth and

quality variables is equal to 6 g/dm? of P,0s.
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