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ABSTRACT: The nutritional management of the coffee clonal garden influences the production and physiological quality and seedlings
production of vegetative propagules. Thus, this study aimed to analyze the seedlings’ production from clonal cuttings taken from Coffea
canephora mother plants grown with increasing nitrogen mineral doses. The cuttings were taken from C. canephora var. botany Robusta,
from the Embrapa Genetic Improvement Program of Rondénia. The mother plants received nitrogen fertilizer at different doses: 0 (Control),
50, 100; 150, 200; 250 and 300 kg of N per hectare divided into 4 applications, during 150 days of orthotropic stems growth (shoots). The
following parameters were evaluated: Dry mass of cuttings, nutritional content of cuttings, and seedlings production, with growth analysis at
0,48, 61,80, 101, 122, 143, and 164 days after staking (DAS) and analysis of vegetative characteristics at 122 DAS. The nitrogen fertilization
in the mother plant resulted in the variation of macronutrient accumulation in cuttings, but the order K> N> Ca> P> Mg> S was maintained,
regardless of N dose. In addition, a positive correlation between nitrogen doses and dry matter accumulation, as well as the physiological
quality of seedlings was identified.
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Influéncia da fertilizacio com nitrogénio em plantas matrizes no crescimento e na qualidade
de mudas clonais de plantas Coffea canephora ‘Robusta’

RESUMO: O manejo nutricional do jardim clonal de cafeeiros influencia a produgdo e qualidade fisiologica dos propdgulos vegetativos e
na produgdo de mudas. Assim, objetivou-se analisar a produg¢do de mudas a partir de estacas clonais retiradas de plantas matrizes de Coffea
canephora cultivada com doses crescentes de nitrogénio mineral. As estacas foram retiradas de plantas matrizes de cafeeiros C. canephora
var. botdnica Robusta, do Programa de Melhoramento Genético da Embrapa-RO. As plantas matrizes receberam adubagdo nitrogenada nas
doses: 0 (Controle); 50; 100; 150; 200, 250 e 300 kg de N por hectare, parceladas em quatro aplicagoes, durante 150 dias de crescimento
das hastes ortotropica (brotos). Os seguintes pardmetros foram avaliados: massa seca das estacas, contevido nutricional das estacas e a
produgdo de mudas, com andlise de crescimento, aos zero, 48, 61, 80, 101, 122, 143 e 164 dias apos o estaqueamento (DAE) e a andlise das
caracteristicas vegetativas, aos 122 DAE. A adubag¢do nitrogenada na planta matriz resultou na variagdo do acumulo de macronutrientes nas
estacas, mas a ordem K > N> Ca > P > Mg > S foi mantida independente da dose de N. Além disso, foi verificado que ha correlag¢do positiva
entre as doses de nitrogénio e o acumulo de massa seca, assim como, a qualidade fisiologica das mudas.

Palavras-chave: jardim clonal, estaquia, nutrigdo mineral, qualidade fisiologica.

INTRODUCTION

Coffea canephora is a species which
reproduces by obligatory allogamy due to its
characteristics of gametophytic self-incompatibility
(MORAES et al., 2018). Therefore, there is high
genetic variability in crops formed with seminal
seedlings, resulting in plants with different production
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potential, (RAMALHO et al., 2016, BERGO et al,,
2020), architecture (DALCOMO et al., 2017), and
resistance to diseases such as coffee leafrust (TEIXEIRA
et al., 2017), which makes crop management difficult
and limits crop yield (ROCHA et al., 2015).
Analternativeto obtainmorehomogeneous,
productive, and resistant crops is vegetative
propagation. Vegetative propagation ensures that
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the genetic characteristics of the parent plant, from
which the propagules are taken, are maintained and
passed on to its descendants, a process called cloning
(ANDRADE JUNIOR et al., 2013; RAMALHO et
al., 2016). Propagation can be performed by grafting
(ANDRADE JUNIOR et al., 2013), in vitro culture
(SANTOS & SILVA, 2020), or staking (VERDIN
FILHO et al., 2014; VERDIN FILHO et al., 2018).
Despite the different forms of propagation, staking
is the main asexual reproduction technique used in
seedling production in C. canephora (FERRAO et al.,
2007; VERDIN FILHO et al., 2014) due to the ease
of large scale propagation (OLIVEIRA et al., 2010).

Considering that the cutting is the
vegetative material that will originate the new
seedling, it is important to focus on the physiological
quality of this vegetative structure to obtain the
highest growth rates and the greatest accumulation of
dry mass of both the aerial part and the root system
(GIURIATTO JUNIOR et al., 2020). The quantity
and quality of the cuttings is influenced by factors
such as the time of year (BAZONI et al., 2020), as a
result of variations in soil water availability, radiation,
and air temperature and humidity. Factors that affect
plant vegetative growth, such as the supply of water
by irrigation (COVRE et al., 2016), the supply of
fertilizers (DUBBERSTEIN et al., 2017), and the
form of application of these fertilizers (MAGIERO
et al., 2017) also result in cuttings with distinct
physiological qualities.

The nutritional management of the clonal
garden should take into consideration the decreasing
sequence of macronutrient accumulation in the
secondary orthotropic stems (shoots) (nitrogen (N)>
potassium (K)> calcium (Ca)> magnesium (Mg)>
sulfur (S)> phosphorous (P) and the export of nutrients
resulting from the removal of cuttings (K > N> Ca> Mg
> P>P>S)(BAZONI et al., 2020). In these vegetative
structures, N, K, and Ca stand out as the most required
nutrients, similar to the effect which occurs in fruits,
in which the decreasing order of accumulation is N >
K>Ca>P>S>Mg (COVRE etal., 2016).

Because N is the nutrient that accumulates
the most in the secondary orthotropic stems from
which the cuttings are taken, studying the calibration
ofits dosage may contribute to obtaining the maximum
yield of cuttings. However, in addition to quantity,
the cuttings produced also need to have physiological
quality to produce well formed seedlings in the
shortest possible time. Thus, the objective of this
study was to analyze the production of seedlings from
clonal cuttings taken from Coffea canephora mother
plants grown with increasing doses of mineral N.

MATERIALS AND METHODS

The experiment was conducted in
the experimental field of EMBRAPA (longitude
10°43°55” S and latitude 62°15°19” W, altitude of
300 m), located in the municipality of Ouro Preto
do Oeste, Rondonia, in the period from August 20,
2018 to July 1, 2019 and included a collection of a
production of cuttings from the field and a period
of production of seedlings in the nursery, where the
characteristics related to growth and final quality of
the seedlings were evaluated.

The predominant climate in this region is
tropical monsoon - Am (Koppen) (ALVARES et al.,
2013), with a mean annual temperature of 25°C and a
mean annual rainfall of 2,000 mm. The rainy season
lasted from October—November to April-May.

The values mean of maximum, mean,
and minimum temperatures and air humidity as well
as rainfall for the period of growth of the cuttings
(August 2018 to January 2019) and for the moment
of collection (January 2019) were obtained from
the automatic meteorological station installed in the
experimental field (Figures 1 A, B, and C). To replace
the water lost by evapotranspiration, complementary
irrigation was performed during the months of
drought using a conventional sprinkler irrigation
system (Figure 1C).

Dry mass and macronutrient content of clonal cuttings

The cuttings were taken from matrix plants
of C. Canephora of the botanical variety Robusta,
belonging to the Genetic Improvement Program of
Embrapa-RO. The crop was established in November
2016, with the exclusive purpose of producing cuttings,
in a soil classified as Red-Yellow Argisol (SANTOS et
al., 2018). The spacing used was 2.0 meters between
rows and 0.5 meters between plants, totaling 10,000
plants per hectare. The plants were grown with only
one orthotropic stem and without bending.

In December 2017, 13 months after the
establishment of the area, the first collection of shoots
was performed to produce clonal cuttings. The second
collection was performed in April 2018, and the
third collection was performed on August 20, before
the installation of the experiment. In addition to
collecting the shoots, 33% of the plants’ plagiotropic
branches were removed at the time of harvesting and
60 days later.

The technical recommendations for fruit
production were used as the basis for the nutritional
management (MARCOLAN et al., 2015). The final
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Influence of nitrogen fertilization in mother plants on the growth and quality of clonal seedlings of Coffea canephora ‘Robusta’ plants. 3

Figure 1 - Maximum, mean, and minimum temperatures (A) and relative humidity (B);
accumulated rainfall and complementary irrigation (C) during the experimental
period between 2018 and 2019. Ouro Preto do Oeste, Rondonia, 2019.

N fertilization of the third cycle of shoot production
before the start of the treatments was performed on
July 20, 2018, when 135 kg of N were applied in the
form of urea. The chemical characteristics of the soil
in the experimental area were determined in August
2018, before the implementation of the treatments, in
the layers 00-20, 20—40, and 40—-60 cm (Table 1).

In September, 50 g of dolomitic limestone
(PRNT 90%) were applied, covering an area of 0.5 m
within the row and 1.0 m towards the inter-rows, 0.5
to each side of the plant, totaling 0.5 m?.

The experiment included seven treatments
corresponding to the following N doses: 0; 50; 100;
150; 200; 250, and 300 kg of N per hectare per cycle,
applied in the form of urea, with cuttings grown from
August to January 2019. The design was completely
randomized, with ten repetitions.

The doses were divided into four
applications, every 30 days. The beginning of
the application occurred 30 days after the initial
standardization, which was performed on August 20,
2018. In addition to N, 120 kg of K were applied per
hectare per cycle, using potassium chloride (60%
K,0), divided into four applications and applied

together with N. To meet the requirements for zinc
and boron, 30 kg boric acid and 30 kg zinc sulfate
were applied per hectare in October 2018.

The orthotropic stems (shoots) grew for
150 days and the cuttings were then collected for
seedling production and nutrient content analysis.
The cuttings were removed from the orthotropic
stems by making rectilinear cuts 0.5 cm above the
insertion of the plagiotropic branches and 6 cm below
the node (leaf insertion) and discarding the basal and
apical part of the stems (BAZONI et al., 2020). The
plagiotropic branches were removed and the leaf limb
was reduced by two thirds to prevent water loss and
dehydration (DIAS et al., 2012).

To determine the dry mass of the cuttings
and the nutritional content in each repetition, two
cuttings were taken from the stems collected from
the field with rectilinear cuts, according to the
abovementioned dimensions, excluding the leaves
and plagiotropic branches, which led to a total of 20
cuttings. These cuttings were homogenized to allow
four repetitions containing five cuttings each. Thus,
the experimental design at this stage was completely
randomized with four repetitions.
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Table 1 - Chemical characteristics of an Red-Yellow Argisol soil in the clonal garden of the Experimental Field of Embrapa, Ouro Preto

do Oeste, Rondonia, 2018.

Sample pH B K Ca Mg H+Al Al CTC
cm Water mgdm® e cmol, dm?

0-20 436 53.13 0.35 1.11 0.76 8.01 0.88 10.24
20-40 4.63 13.75 0.36 1.02 0.45 4.81 0.54 6.64
40 - 60 4.98 5.50 0.45 1.59 0.53 3.37 0.05 5.94
Sample MO m \% Cu Fe Mn Zn

cm gkg! % mg/ dm

0-20 15.20 31.00 21.13 42.61 230.16 119.27 49.98

20 - 40 7.70 25.50 28.00 19.38 247.83 120.34 46.24

40 - 60 4.95 2.50 43.00 15.75 159.01 119.74 40.98

pH in water 1:2.5, O.M. by humid digestion, P and K determined by the Mehlich I method, exchangeable Ca, Mg, and Al extracted with

KCl 1 mol dm™.

The cuttings were dried in an oven with
forced air circulation at 65 °C to constant mass, and
the masses were then determined using analytical
scales and subsequently ground in a Willey mill and
sent to the Soil and Plant Nutrition Laboratory of
Embrapa Rondonia.

In the laboratory, the contents of N, P, K,
Ca, Mg, and S were determined. N was determined
by distillation by the semi-micro Kjeldahl method,
after sulfuric digestion. P was determined by
molecular spectrophotometry; K was determined by
flame photometry, and the nutrients Ca, Mg, and S
were determined by plasma spectrophotometry, all
after nitric-perchloric digestion (SILVA, 2009). Thus,
the nutritional values and dry mass of the cuttings
allowed us to calculate the nutrient content of the
cuttings. The results were expressed in g/cutting).

Dry mass accumulation and growth rates

For the analysis of growth, a part of the
cuttings (1,500 units) collected in the field from
mother plants were sent to a nursery with 50%
shade and a mist irrigation system for rooting and
sprouting and subsequent seedling formation. The
experiment was conducted using a 7 x 8 factorial
scheme, composed of a combination of seven doses
of N fertilizer applied in the field of mother plants
and eight evaluation periods: zero (mass of the stake);
48; 61; 80; 101; 122; 143, and 164 days after staking
(DAS). The design was completely randomized with
four repetitions. The experimental plot was composed
of six cuttings/seedlings.

When ready for planting, the individualized
cuttings were immersed in an Azoxystrobin fungicide

solution (Amistar® WG) at a concentration of 25
g per 100 L of water. Each cutting was placed in a
polyethylene tube with a capacity of 280 cm?. Before
receiving the cuttings, the tubes were filled with
Vida Verde Tropstrato HT® commercial substrate,
composed of pine bark and expanded vermiculite,
simple superphosphate, and potassium nitrate.
According to the manufacturer, the product had a 60%
moisture and 130% water retention capacity (weight/
weight), density of 200 kg m™ (dry base) and 500 kg m™
(wet base), and pH of 5.8 and electrical conductivity of
0.5 mS cm!, both at a ratio of 5:1 (water: substrate).
The substrate was sumplemented with 0.5 kg of the
fertilizer Basacot® Plus 6M (16% N, 8% P, 12% K,
2% Mg, 5% S, 0.4% Fe, 0.02% B, 0.02% Zn, 0.05%
Cu, 0.06% Mn, and 0.015% Mo) and 0.2 kg of triple
superphosphate for each 100 kg of substrate.

The tubes with the cuttings were then
placed in trays on suspended shelves inside the
nursery, where they received constant irrigation
through a mist irrigation system coupled to a timer
programming the supply of water. The system was
programmed to activate irrigation for 10 seconds
every 5 minutes during the first 30 days; for 30
seconds every 20 minutes from day 30 to day 90; and
for 60 s every 30 min from day 90 to day 120. There
was no acclimatization period as the seedlings were
destroyed during the evaluations.

Seedling mass was evaluated at zero (mass
of the initial stake), 48, 61, 80, 101, 122, 143, and
164 days after staking (DAS). For this purpose, the
seedlings were removed from the tubes, washed to
remove the substrate, and then dried in an oven with
forced air circulation at 65 °C until constant mass
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was reached. Seedling mass was then determined
using analytical scales. The mass results were used to
construct the following curves: dry mass accumulation,
absolute growth rate (AGR) (mg day™), and relative
growth rate (RGR) (mg g day"!). After evaluation
at 122 DAS, fertilization was performed in each
tube with 50 cm® of calcium nitrate solution at a
concentration of 5 cm® dm>.

Dry mass accumulation was obtained
by direct determination of the total dry mass of the
plants (with the stake). AGR was calculated using
the equation: AGR = (M2-M1)/(T2-T1), where M2-
M1 is the change in the mass of dry matter between
two consecutive samples taken at times T1 and T2 and
RGR was calculated using the equation: RGR = (InM2
-InM1) /(T2 -T1), where In is the Neperian logarithm
and MI and M2 represent the dry masses at times T1
and T2, respectively (PEIXOTO et al., 2011).

Vegetative characteristics of the seedlings 122 days
after staking

At 122 days after staking (DAS),
concomitantly with the evaluation of dry mass
accumulation and growth rates, the seedlings were
assessed for their vegetative characteristics. This period
was chosen as it is the average time for the formation of
clonal seedlings of C. canephora in the state of Rondonia
(ESPINDULA et al., 2015). The following parameters
were evaluated: 1) stem length (SL), by direct measurement
from the insertion point of the shoot at the stake to the
apical meristem; 2) stem diameter (SD), determined at
the base of the branch, 3 cm above the insertion point
of the shoot at the stake; 3) number of roots (NR) by
direct counting; 4) root volume (RV), determined using a
graduated cylinder and recording the displaced volume;
5) dry mass of the aerial part (DMAP), determined
using the cuttings and the shoot, 6) dry mass of the
roots (DMR), determined using analytical scales
after drying in an oven with forced air circulation at
105 °C to constant mass; 7) total dry mass (TDM),
determined by the sum of DMAP and DMR, 8) leaf
area (LA), determined using the Determinador Digital
de Area (DDA) software (FERREIRA et al., 2008); and
9) Dickson quality index (DQI), obtained from the
formula DQI = [TDM/ [(SL/SD) + (DMAP/DMR)]
(DICKSON et al., 1960).

Statistical analysis

The data were submitted to regression
analysis. The mathematical models were chosen by
considering the criterion of maximum parsimony
(FERREIRA, 2018), which considers two
characteristics for selection: higher estimates of

the coefficients of determination (R?) and greater
simplicity of the model, according to the behavior
of the biological phenomenon. The significance of
the regression coefficients (i) was evaluated using
analysis of variance at 5% probability. Even for the
characteristics that did not have significant treatment
effects, scatter plots of the means with confidence
intervals were presented. In this case ¥ mean.

P =+ P (i)
Y =B +Bx+px (ii)
7 =B+ s (i)
¥ = response variable (mass production and nutrient

content), x: explanatory variable (doses of N), 8, B,
B, = regression parameters quantifying the changes
in the response variable due to changes in the
explanatory variable.

RESULTS

Dry mass and macronutrient content of clonal
cuttings

The increase of the N dose promoted an
exponential decrease in the dry mass of the cuttings,
from 1.31 g per cutting at the smallest doses to 1.05
g per cutting in the propagules that grew under the
highest doses (Figure 2).

The N, K, and Ca contents of the C.
Canephora cuttings were affected by the amount of N
(Figure 3). N showed a linear increasing behavior, K
had a quadratic behavior with a maximum point at 258
kg ha'! of N, and Ca had a linear decreasing behavior.
The other nutrients, P, Mg and S, were not influenced by
increasing N doses.

Dry mass accumulation and growth rates

Regardless of the N dose, dry mass
accumulation (DMA) increased exponentially over the
period of seedling formation. The seedlings produced using
cuttings from the treatments with the highest doses of N
exhibited the lowest initial mass; the mass of the 300 kg
treatment of N per hectare was initially 1.07 g seedling™!
and, with increasing DAS, the DMA of these seedlings
was the highest (4.32 g seedling'). The opposite
phenomenon was observed for the seedlings under the
control dose of N, which initially exhibited the highest dry
mass (1.20 g seedling') and had the lowest DMA at the
end of the cycle (3.21 g seedling™) (Figure 4).

With regard to the relative and absolute
growth rates, as there was no interaction between
the evaluation periods and the doses of N, the mean
results of the behavior of these characteristics over
time are presented (Figure 5). The mean relative and
absolute growth rates were characterized by a slow
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Preto do Oeste, 2019.

Figure 2 - Prodction of dry mass, por estacas de C. canephora cofee plants
grown in a clonal garden under different doses of nitrogen, Ouro

initial increase (until day 48), which was followed by
rapid increase until day 61, and thereadter, the increase
in mass occurred in a linear manner until 122 DAS. From
122 DAS (when calcium nitrate was applied) until 143
DAS, there was a phase of accentuated growth. After
143 DAS, the seedlings’ growth rates slowed down
again. The growth rates did not fit any mathematical
model, but two growth peaks were observed at 61 and
143 DAS, with AGR of 16.42 mg day and 35.39 mg
day! and RGR of 11.09 mg mg! day! and 12.11 mg
mg! day”, respectively (Figure 5).

Vegetative characteristics of seedlings at 122 days
after staking

There was a linear increase in the
vegetative characteristics SL, SD, NR, RV, LA,
DMAP, and TDM of the seedlings from the lowest
dose of N applied to the mother plants. NR showed
a quadratic behavior, with maximum points obtained
at 81 kg ha' of N, whereas DMR and DQI were not
influenced by the doses of N applied to the mother
plants. The mean values of DMR and DQI were 0.46
g and 0.34 g respectively (Figure 6).

DISCUSSION

Dry mass and macronutrient content of the clonal
cuttings

An increase in N resulted in a a reduction
in the dry mass of the cuttings. This occurred because

increasing N promotes vegetative growth and stem
elongation (CIRIELLO, GUERRINI & BACKES, 2014;
SOARES et al., 2017), i.e., the greater availability
of N may have resulted in thinner or less dense stems
that were therefore lighter due to the competition for
resources, such as solar radiation, caused by the higher
number of secondary stems and cuttings and greater
fresh mass of the stems (data not shown).

The increase in N content as a function of
the N dose occurred due to the greater availability of
N in the soil for absorption by the roots. With regard
to K, no increase in the content of this nutrient was
expected in the cuttings because the source of N,
urea, did not have K in its composition. This source is
rapidly hydrolyzed in the soil, releasing ammonium
(NH*"), which could have a negative effect on the
uptake of K+ (HOLZSCHUH et al., 2011).

However, the fertilizer was divided into
four applications throughout the cycle. Moreover,
there was a period of approximately 30 days between
the last application of fertilizer and the collection of
the cuttings. As the soil was highly acidic, water was
available, and the temperature was high, it can be
assumed that there was transformation of NH*" into
nitric forms (NO* and NO*) through the nitrification
process, and that this favored the uptake of N in the
nitric form. When anion uptake occurs, an increase in
the uptake of cations tends to occur to maintain the ionic
balance in the tissues (BATISTA & MONTEIRO, 2010;
ROCHA et al., 2014). It is of note that this nutrient
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of nitrogen.

Figure 3 - Contents of nitrogen (A), phosphorous (B), potassium (C), calcium (D), magnesium (E),
and sulfur (F) in cuttings of Coffea canephora coffee plants grown under different doses

was already present in the soil at a concentration of
0.35 to 0.45 cmolc dm™ (Table 1), and 150 kg of K,O
per hectare were further added during the growth
cycle of the stems.

The decrease in the Ca content (Figure 3D)
of the cuttings may be associated with the effect of
competition between cations, because there was an
increase in the K content of the tissues. This occured
because K is absorbed preferentially to Ca, as it is
a monovalent cation and has a smaller ionic radius
(MONTES et al., 2016). It should also be emphasized
that there was low availability of Ca in the soil and
the applied lime may not have provided Ca in time for
the uptake by the parent plants.

Another relevant observation was the fact
that the content of K was higher than that of N in the

cuttings (Figures 3 A and C). This result is possibly
related to the role of K in the functions of maintenance
of the osmotic balance of plants (OOSTERHUIS et
al., 2014). This higher K content may be of special
importance during the rooting phase of cuttings in
the nursery, because it acts in the maintenance of cell
turgor. This physiological condition is important in
cuttings at the beginning of the rhizogenesis process
(CUNHA et al., 2009).

The sequence of  macronutrient
accumulation in the cuttings was K > N > Ca > P
> Mg > S, unlike that reported for conilon coffee
plants (K > N> Ca> Mg > P> S) (BAZONI et al..,
2020) in which the cuttings exported more Mg than P.
However, the cuttings evaluated in the study had two
thirds of the leaves, exactly as they are used for the
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Figure 4 - Dry mass accumulation in seedlings of Coffea canephora coffee
plants formed from cuttings grown under different doses of nitrogen.

production of seedlings, whereas in the present study, should not be neglected; they are important for plant
only cuttings without leaves were analyzed. development because they participate in the processes of

These results reinforce the importance of N, respiration (P, Mg and S), carbohydrate metabolism (P
K, and Ca in clonal garden nutrition, but it is important and S), protein synthesis (Mg and S), and nucleic acid
to note that the other macronutrients (P, Mg, and S) synthesis (P and Mg) (CUNHA et al., 2009).

Figure 5 - Absolute growth rate (AGR) and relative growth rate (RGR) of seedlings of
Coffea canephora coffee plants, formed from cuttings grown under different
doses of nitrogen.

Ciéncia Rural, v.52, n.9, 2022.
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Dry mass accumulation and growth rates

The slow growth observed in the initial
phase (48 DAS) is related to the absence of absorbing
roots. During this period, the cuttings depend on their
nutrient reserves to survive and promote the process
of root initiation (CUNHA et al., 2009, DIAS et al.,
2012). Therefore, this is considered one of the most
critical phases for the survival of cuttings in the
propagation method, because the absence of roots

limits the withdrawal of water and nutrients from
the substrate (PETRY et al., 2012). Thus, as the root
system develops, there is an accumulation of mass up
to 164 DAS.

In the evaluation on the 164™ DAS, the
cuttings produced with the dose of 300 kg of N
originated seedlings with 4.32 g of dry matter, while
the seedlings originating from cuttings produced
with the control dose (zero) resulted in seedlings

root system and total (G).

Figure 6 - Vegetative characteristics of seedlings of Coffea canephora coffee plants formed
from cuttings grown under different doses of nitrogenat 122 DAS. Stem length
(A); stem diameter (B) leaf area (C); number of roots (D); volume of roots (E);
Dickson quality index (F) of seedlings and dry mass of the cuttings, aerial part,

Ciéncia Rural, v.52, n.9, 2022.
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with 3.21 g of dry mass. This greater mass of the
seedlings from cuttings grown under the higher doses
of N is related to the beneficial effects of this nutrient
on the vegetative propagule regarding rooting and
development of the aerial part (COLODETTI et al.,
2015; PICOLOTTO et al., 2015).

Regardless of the doses of N, the final
values of dry mass were below those reported for
C. canephora seedlings produced with cuttings of
different ages, which were above 4.8g per seedling
at 168 DAS, regardless of the age of the cuttings
(GIURIATTO JUNIOR et al., 2020). The differences
indicate that aspects related to the management of the
seedlings in the nursery may have influenced their
development, because the genetic material used in
this study was the same as that used by those authors.
Moreover, no stabilization was observed in the rate
of mass accumulation at the end of the cycle, which
usually occurs due to the limited volume of the container
(ESPINDULA et al., 2018; GIURIATTO JUNIOR et
al., 2020), when the root system is well developed.

The AGR and RGR curves were similar,
with two growth peaks. The first peak occurred
betwen the 48" and the 61 DAS and the second
between the 122" and the 143" DAS (Figure 5). In
the first case, the high growth rates are related to the
emergence of roots and consequent absorption of
water and nutrients from the substrate, which indicates
that there was early root emission; in this context,
Giuriatto Junior et al. (2020) reported elevation of
AGR and RGR only after the 83 DAS. However,
unlike what was reported by these authors, there was a
decrease in growth rates from the 61 to the 80" DAS,
with resumption in the following evaluations. This
unexpected reduction may be related to adjustments
in the irrigation system for water supply, a factor that
can be decisive in the seedling development process
(BAZONI, 2018).

The second growth peak resulted from
the application of calcium nitrate (Ca(NO,),). This
fertilizer is composed of 14% N and 28% Ca, two
of the nutrients most accumulated in the cuttings,
together with K. In addition to the effect of N, Ca
probably contributed significantly to the second peak.
This is because the contents in the cuttings were low
(up to 4 mg per cutting) compared to the contents
found in Conilon coffee plants (10.7 mg per cutting)
(BAZONI, 2018) and Robusta coffee plants (9 mg
per cutting) (GIURIATTO JUNIOR, 2020).

In addition to the low content of Ca in the
cuttings, this nutrient has low mobility in the tissues
(TAIZ et al., 2017), and the Basacote® fertilizer used
in the preparation of the substrate does not contain

Ca. This nutrient can limit the growth of seedlings of
woody species (GONCALVES et al., 2013), because
it participates in the process of auxin hormone
metabolism, cell division, peroxidase metabolism,
and cell elongation (CUNHA et al., 2009). In response
to an increase in the Ca content of the substrate,
seedling development was improved by the increase
in the production of dry matter (GONCALVES et
al., 2013), as well as seedling height and diameter
(ESTEVEZ et al., 2020). In addition, Ca has a
structural function in the formation of the cell wall
and constitutes the middle lamella, which gives the
plant rigidity (TAIZ et al., 2017).

Calcium nitrate was applied only after 122
DAS to avoid an effect of the fertilizer on seedling
formation, which ended at this moment of evaluation.
This is because the main objective of this study was
to evaluate the effect of the quality of the cuttings on
seedling formation, which lasts approximately 120
days. The aim of staking the seedlings for another
42 days was to assess their growth behavior after
the commonly used period, because the growth of
seedlings in tubes can be limited by the volume of
the container (Espindula et al., 2018), which was
not observed until the 164" DAS. This may have
occurred due to the availability of Ca, and/or other
factors related to seedling management in the nursery
limited the growth of seedlings in the initial phase,
from day zero to 122 DAS.

Vegetative characteristics of seedlings at 122 days
after staking

The linear increase in the values of the
vegetative characteristics at 122 DAS as a function
of N doses (Figure 3 D) is related to the greater
availability of the nutrient for the synthesis of nitrogen
compounds, such as proteins and chlorophyll, and
to the lower degree of lignification of the cuttings,
considering that this occurs due to the increased
growth of the stems, reduction of dry mass, and the
lower concentrations of Ca in younger tissues (TAIZ
etal., 2017).

With regard to the synthesis of
compounds, the N present in the cuttings contributed
to the development of the seedlings, because it is an
essential nutrient in physiological processes such as
photosynthesis, respiration, and cell differentiation
(TAIZ et al., 2017). Thus, it correlates positively
with seedling production, because of the storage of
reserves in the cuttings and with the development of
the aerial part (COLODETTI et al., 2015), e.g., stem
length (PICOLOTTO et al., 2015), and with biomass
increment (GONCALVES et al., 2013).
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The greater leaf area provided by N
fertilization in the parent plants allows a greater
surface area for light interception and, consequently,
higher photosynthetic rates due to the greater capacity
for carbon assimilation (PARTELLI et al., 2006).
This favors plant development by leading to greater
accumulation of dry matter (CRUZ et al., 2007).
However, one cannot fail to take into consideration
that the adequate proportionality between the systems
of the aboveground part and the root is directly related
to the potential loss of water through transpiration due
to absorption by the root (GROSSNICKLE, 2012).

With regard to the number of roots, the
positive effects of N fertilization on root development
were observed until a maximum point was reached at
81 kg ha!. From this point onwards, root development
declined, possibly due to the content of N in the
cuttings being higher than that of carbohydrates.
This may have led to a lower C/N ratio that disfavors
adventitious rooting, because carbohydrates are
energy sources for the initiation of root primordia
(CUNHA et al., 2009; HARTMANN et al., 2011).

These results not only show the importance
of N, but also confirm the fact that the physiological
condition of the parent plant influences the rooting
of the cuttings (PICOLOTTO et al., 2015). This is
because mineral nutrition generates a response in the
formation, quantity, length and density of adventitious
roots (CUNHA et al., 2009).

This response to N fertilization of the
mother plants was observed in the formation of a greater
volume of roots in the seedlings. Volume, number,
and mass of dry matter of the roots characterize the
efficiency of the root system (ALBERTINO et al.,
2012). Seedlings with a larger root system size have a
greater capacity to prevent drought and stress, as well
as to improve the survival response after planting in
the field (GROSSNICKLE, 2012).

The Dickson quality index (DQI) is a
parameter used as a reference to verify the quality of
seedlings. Although this parameter was not influenced
by the doses of N (Figure 6 F), the biometric
characteristics chosen to compose the evaluation
of the index showed positive differences due to
increasing doses (Figure 6 A, B, G). Taken together,
these results confirm the importance of the nutritional
condition of parent plants for the physiological quality
of seedlings reported in other studies (CUNHA et al,,
2009; DIAS et al., 2012; OLIVEIRA et al., 2019). In
this study specifically, the results of fertilization of the
parent plants with N reinforce the idea that adequate
fertilization of the donor plant with N influences the
physiological caracteristcs of seedlings.

CONCLUSION

The content of nutrients in the cuttings
followed the decreasing order K > N > Ca > P > Mg
> S, independently of the dose of N applied to the
parent plant. Increasing doses of N, provided in the
form of urea, during the cultivation of mother plants
of C. Canephora increased the content of N and K in
the cuttings, while decreasing the content of Ca, but
di not alter the contents of P, Mg, and S.

Cuttings grown with higher doses of N
originate seedlings with greater SL and SD, RV, LA,
TDM, and DMAP.
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