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ABSTRACT

The use of quality seedlings is important in establishing
a productive coffee crop. However, the most widely used
method to produce coffee seedlings is time consuming (6-12
months) and lacks new production technologies. This study
aimed to assess the use of fertigation and a growth regulator in
the production of coffee seedlings, in order to develop a system
faster than the conventional method. For that, Topazio coffee
cultivar seeds were pre-germinated and planted in tubes filled
with substrate (composted pine bark), in a protected nursery.
A randomized block design was used, in a 4 x 2 (fertigation
levels x the use or not of growth regulator) factorial scheme,
with four replications. Daily fertigation positively influenced
all the growth variables evaluated. The foliar spraying of the
growth regulator had little effect on seedling growth. When
compared to the conventional system described in the literature,
the coffee seedling production system described here reduced,
by around 60 days, the production time and enables a large-
scale production.

RESUMO

Fertirrigagdo e regulador de crescimento
na producdo de mudas de café¢ em tubete

A utilizagdo de mudas de boa qualidade ¢ importante
para a formac@o de uma lavoura produtiva de café. Entretanto, o
método mais utilizado atualmente para a producdo de mudas de
cafeeiro ¢ demorado (6-12 meses) e carece de novas tecnologias
de produgdo. Objetivou-se avaliar a utilizagdo de fertirrigacdo
e regulador de crescimento na produgdo de mudas de cafeeiro,
com vistas ao desenvolvimento de um sistema mais rapido que o
sistema convencional de producdo. Para isso, sementes da cultivar
Topazio foram pré-germinadas e plantadas em tubetes com substrato
(casca de pinus compostada), em viveiro coberto. Adotou-se o
delineamento de blocos ao acaso, em esquema fatorial 4 x 2 (niveis
de fertirrigacdo x utilizagdo ou ndo de regulador de crescimento), com
quatro repetigdes. A fertirrigacdo didria influenciou positivamente
em todas as varidveis de crescimento analisadas. A pulverizagdo
foliar do regulador de crescimento apresentou pouco efeito sobre o
crescimento das mudas. Quando comparado ao sistema convencional
descrito na literatura, o sistema de produ¢ao de mudas de cafeeiro
descrito neste trabalho reduziu, em cerca de 60 dias, o tempo de
produgdo e permite a produgdo em larga escala.

KEYWORDS: Coffea arabica L.; electrical conductivity;
substrate.

INTRODUCTION

Brazil produced 45.5 million bags of coffee in
2017, with exports totaling USD 2.5 billion dollars
that year. The Minas Gerais state is the largest
producer, with 25.7 million bags, corresponding
to 56.5 % of the national production (Agrianual
2018). The Brazilian Savannah region, particularly
the Minas Gerais Triangle, stands out for its high-
grade Arabica coffee production (Fernandes et al.
2012), and the use of quality seedlings is vital in
establishing a productive crop, increasing the chances
of successful coffee farming (Tomaz et al. 2015).

PALAVRAS-CHAVE: Coffea arabica L.; condutividade elétrica;
substrato.

There are many systems for producing coffee
seedlings, either using plastic bags or tubes, with
different substrates and organic, conventional or
slow-release fertilizers (Vallone et al. 2010). In the
commercial seedling production, most producers and
nurseries use plastic bags containing a mixture of cattle
manure and subsurface soil as substrate, supplemented
with chemical fertilizers (Tomaz et al. 2015). However,
this method is time consuming (at least six months),
requires significant manpower and involves the risk
of contamination by pathogens, making it inefficient.

In recent decades, there has been a growing
number of initiatives aimed at improving and
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shortening the coffee seedling production process.
These include the use of seed germination techniques
(Meireles et al. 2007, Lima et al. 2012), tubes and
quality substrates, different fertilization practices
(Miiller et al. 1997, Ferreira 2014, Tomaz et al. 2015),
biostimulants and growth regulators (Guimaraes
1995, Melo & Maciel 2014).

Rigid polyethylene tubes have increasingly
been used in coffee seedling production, because they
reduce the chances of contamination by pathogens;
increase direct root growth and mitigate J root
problems (bent taproot); stimulate the growth of
side roots; require less substrate; and decrease the
incidence of weeds, space needed in the nursery and
transportation costs (Tomaz et al. 2015).

The most widely used substrates in tube-based
production are those containing composted pine bark,
because they are inexpensive and exhibit adequate
porosity and water retention capacity (Zorzeto et al.
2014). However, they require a continuous application
of fertilizers. Slow-release fertilizers are favored,
but the release of nutrients depends on temperature
(Adams et al. 2013), a non-controllable factor.
Another alternative is to apply mineral and organic
fertilizers to the substrate before planting (Dias et al.
2009); however, homogeneity must be guaranteed and
nutrient leaching occurs after irrigation, particularly
anions such as nitrates and sulfates.

Fertigation has been employed in the production
of citrus seedlings (Bataglia et al. 2008), but is still
little used by coffee seedling producers. Fertigation
allows nutrients to be administered in a controlled
manner and at regular time intervals, preventing
problems related to heterogeneous availability and
reducing nutrient loss through leaching.

The use of biostimulants or growth regulators
can increase the plant growth and development by
stimulating cell division, differentiation and cell
elongation, in addition to improving the absorption
and use of nutrients (Castro et al. 1998, Pasala et al.
2016, Yakhin et al. 2017). Stimulate® (Stoller®), a
growth regulator from the cytokinin (90 mg L") +
auxin (50 mg L") + gibberellin (50 mg L") chemical
group, is used to promote higher yields and rooting
rates (Castro et al. 1998). This biostimulant is
recommended by the manufacturer for coffee, cotton,
rice, bean, sugarcane, maize, soybean, lettuce,
tomato, barley, wheat, citrus and grape crops.

Despite the existence of pre-germination
techniques and research on fertigation and growth

regulators in seedling production, there is still
insufficient consolidated information on the adoption of
these techniques for coffee seedlings, what may explain
their scant use by nurseries. As such, this study aimed
to assess the use of fertigation and a growth regulator in
the production of coffee seedlings, in order to develop
a system faster than the conventional method.

MATERIAL AND METHODS

Fruits of the Topazio coffee cultivar were
collected in the 2016 growing season from a coffee
plantation of the Instituto Federal de Educacéo,
Ciéncia e Tecnologia do Tridngulo Mineiro, in
Uberaba, Minas Gerais state, Brazil, where the
experiment was conducted. To obtain the seeds, the
fruits were peeled and demucilaged in accordance
with Tomaz et al. (2015). The seeds were germinated
using the Secafé method (Meireles et al. 2007), which
consists of chemical pretreatment with 5 % sodium
hypochloride for 6 h to remove the endocarp, water
imbibing for 12 h and incubation in a seed incubator
at 28 °C. After 10 days in the incubator, seeds with a
radicle of up to 4 mm long were selected and planted
in cone-shaped tubes (120 mm x 30 mm, with a
volume of 50 cm?) filled with Bioplant Ouro substrate
(Bioplant®) and irrigated daily.

The experiment was conducted from October
2016 to February 2017, in a nursery covered with
50 % shade cloth and plastic film. A randomized
block design, in a 4 x 2 factorial scheme, with four
replications, was used. The first factor consisted
of four fertigation levels, encompassing fertilizer
concentrations, electrical conductivity of the nutrient
solution and their respective pH values (Table 1).

Table 1. Electrical conductivity (dS m™), fertilizer concentration
(g m? of water) and pH of the nutrient solutions used to
fertigate coffee seedlings.

Electrical conductivity (dS m™)'?
0.0 1.0 2.0 3.0

Fertilizer

Calcium nitrate 0 400 800 1,200
Potassium nitrate 0 250 500 750
Magnesium sulphate 0 175 350 525
Ammonium monophosphate 0 50 100 150
ConMicros® 0 25 25 25
pH* 6.9 6.7 6.5 6.2

! Measured using a handheld conductivity meter (CD-203, Phtek); 2 values based
on Furlani (1999); * ConMicros Standard® - micronutrient mixture (Allplant®);
“measured with a portable pH meter (PH-100, Phtek).
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The second factor involved the use or not of the
leaf-applied growth regulator Stimulate®, at the
concentration recommended by the manufacturer for
coffee plants (0.5 mL L).

Each experimental unit consisted of four rows
containing three tubes each, forming a rectangle
of 12 seedlings. The four plants in the center rows
were used as the study plot. The tubes were placed in
plastic trays on a 1.0-m-high bench. At ten days after
the seeds were planted in tubes (‘matchstick’ stage),
the substrate was irrigated (treatment 0.0 dS m)
or fertigated (treatments 1.0 dS m, 2.0 dS m™' and
3.0 dS m) daily, using a plastic wash bottle. Water
or nutrient solution (80-100 mL plot') was applied
until one of the tubes started driping from its bottom.
Stimulate® was sprayed every 14 days, using a 1-L
handheld sprayer (Worker®), starting one month after
planting in tubes (when the first pair of leaves began
to open). A bulkhead was used to isolate the plot being
sprayed from the others, to prevent spray drifting.

The seedlings were assessed at 120 days after
the tube planting (DAP), when they exhibited 3-4
pairs of leaves, which is the period recommended for
field planting. Shoot and root fresh mass (g), shoot
and root dry mass (g), shoot and root length (cm) and
shoot to root ratio were evaluated and leaf area (cm?)
was measured using the ImageJ® software. Analysis
of variance and regression were performed with the
R software (R Core Team 2016). The plants were
photographed every month from the seed stage up to
120 DAP, in order to describe and characterize the
chronological sequence of the seedling production
process in all development stages.

RESULTS AND DISCUSSION
The seeds germinated at 7 days after sowing,

atarate of 90 % (Figure 1A). The seedlings emerged
at 10 DAP, reaching the so-called ‘matchstick’ stage.

The cotyledonary leaves (referred to as “panther ears’
by Brazilian growers) opened at 22 DAP (Figure 1B).
Leaf pairs emerged in the following chronological
order: first pair at 45 DAP (Figure 1C); second pair
at 60-80 DAP (Figure1D); third pair at 90-100 DAP;
and fourth pair at 120 DAP (Figure 1E).

At 120 DAP, the roots were well developed,
with several side roots that occupied almost the entire
tube volume (Figure 1F). The plants submitted to
fertigation showed no obvious visual differences,
whereas those treated without fertilizers (0.0 dS m™)
exhibited a delayed development and shoot yellowing
(Figure 1E).

There was no significant interaction between
the electrical conductivity and growth regulator
factors for most of the variables, except for shoot
length (Table 2). As such, the factors were studied
separately, and interaction decomposition was
performed only for the variable shoot length
(Figure 2; Table 4).

The estimated maximum electrical conductivity
values for the variables shoot fresh mass (2.2), root
fresh mass (1.5), shoot dry mass (2.0), root dry
mass (1.6) and leaf area (2.1) were obtained in the
1.4-2.2 dS m™ range. The maximum root length was
estimated at 0.9 dS m™'. At this electrical conductivity
range, which promotes the highest plant growth, the
shoot to root ratio values were estimated between
5.5 and 7.0 (Figure 2). With respect to the growth
regulator, a significant difference was only observed
for root length, whereby the treated seedlings showed
less root growth (Tables 2 and 3).

The maximum shoot length was obtained at
a conductivity of approximately 2.0 dS m!, with or
without foliar spraying of the growth regulator. The
growth regulator effect analysis for each fertigation
level indicated a significant difference for shoot
length only at 0.0 dS m™!, when the treated seedlings
exhibited less growth (Table 4).

Table 2. Analysis of variance (F test) for the variables shoot length (SL), root length (RL), shoot fresh mass (SFM), root fresh mass
(RFM), shoot dry mass (SDM), root dry mass (RDM), leaf area (LA) and shoot to root ratio (SRR), at 120 days after planting.

S f variati DF F

ource of vartation SL RL SFM REM SDM RDM LA SRR
Blocks 3 2.08% 025" 0.76™ 1.86™ 034" 0.06™ 1.65™ 0.62
Electrical conductivity 3 490.70%*  8.46%*  118.55%*  G1.I8**  221.51%%  26.91%*  169.74%*  344.93**
Growth regulator 1 1.49™ 4.458%* 0.03" 0.23m 2.57 1.07™ 3.61m 0.50
Interaction 3 3.15% .59 0.47™ 121 0.79™ 0.23™ 1.01m 0.48™
CV% 421 6.85 1171 11.58 10.12 15.72 958 741

" non-significant; * significant at 5 % of probability; ** significant at 1 % of probability.
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Photos: Victor Peganha de Miranda Coelho

Figure 1. A-G) Timeline for coffee seedling production from germination up to 120 days after planting (DAP); A) germinated seeds
(arrow); B) plants in the ‘matchstick’ and ‘panther ears’ stages, approximately at 10-20 DAP; C) plants with 1 leaf pair at
45 DAP; D) plants with 2 well-developed leaf pairs at 80 DAP; E) plants with 3 or 4 leaf pairs at 120 DAP, with arrows
indicating seedlings without fertilizer (0.0 dS m™); F) roots at 120 DAP (1.0 dS m™), with bar =1 cm.

Table 3. Growth variables of coffee seedlings at 120 days of
planting, with and without growth regulator application.

Means
Variable With growth Without growth
regulator regulator
Shoot length (cm) * *
Root length (cm) 11.73£0.2026b 12.35+0.3127 a
Shoot fresh mass (g) 2.80 £0.3048 a 2.82+£0.2807 a
Root fresh mass (g) 1.32+0.1062 a 1.29£0.0964 a
Shoot dry mass (g) 1.08£0.1338 a 1.02+£0.1209 a
Root dry mass (g) 0.18£0.0133 a 0.17+0.0126 a

Leaf area (cm?) 205.60 £20.75a 19278 +£19.64 a
Shoot to root ratio 5.61+0.6378 a 5.71+£0.6091 a

In order to be deemed suitable for field
planting, a coffee seedling should exhibit 3-5 leaf
pairs and shoot to root balance (Tomaz et al. 2015).
In this study, the biometric data demonstrated a

Table 4. Effect of growth regulator on the shoot length variable,
at four fertigation levels and 120 days of planting.

Fertigation With growth regulator Without growth regulator
0 9.61 £0.5659 b 11.33+0.5495 a

1 24.78 +0.4984 a 24.22+0.1945 a
2 24.09+0.3746 a 24.89+0.7455a
3 23.21+0.3217 a 22.76 £ 0.0484 a

* The fertigation and growth regulator interaction was significant. Means followed
by the same letter in the row do not differ according to the F test.

Means =+ standard error followed by the same letter in the rows do not differ
according to the F test.

e-ISSN 1983-4063 - www.agro.ufg.br/pat - Pesq. Agropec. Trop., Goidnia, v. 48, n. 4, p. 350-357, Oct./Dec. 2018



354 V. P. de M. Coelho et al. (2018)
¥ = 103969 + 16.05X - 4.0125X* (R* = 0.9217) ¥ = 11.8025 + 14.765X - 3.7563X (R* = 0.9636) ¢ = 12,3947 +0.7822X — 0.4359X> (R* = 0.9904)
296
” 5
o 2" 2"
< = g = o
g - I B s : °
g o § % Without growth regulator =g o 8 ©
- @ With growth regulator 8 i, g o} § o
- =0 o3 ° °
T T T 1 - r T T 1 = T T T 1
0 1 2 3 0 1 2 3 0 1 2 3
¥ = 1.0159 +2.6014X - 0.6018X> (R* = 0.9585) ¥ = 1.0241 +0.979X - 0.3374X> (R = 0.8697) ¥ =0.2672 +1.272X - 0.3212X* (R = 0.9447)
o N ~ e o 8 R
3 : ;32 . R : : i
Z 8 8 Pz g 3 2 "
g o ° ¢ < & ° 8
8 g ° § g o
3 :°
2. £ JE
- - =3 o
S S ]
] -] =
iz X g )
o
T T T 1 T T T 1 T T T 1
0 1 2 3 0 1 2 3 0 1 2 3
¥ =0.1271 +0.1332X - 0.0424X> (R = 0.9299) ¥ =72.85+191.43X - 45.94X (R* = 0.984) ¥ =2.6314+2.0214X (R* = 0.8962)
° 8 ° . -
) 5 8 e B § § § H o @ 8
Y ° g £~ s
£ g . < g . ° g .
g 8 s s & 8 3 H :
& o 8§ o g w o
8 ° o o B
5 5 g g«
S o = 8 172
& €1,
S - ~

Qo ® 0 ®

T T
1 2

Electrical conductivity (dS m™)

=)

Electrical conductivity (dS m™")

q@mo

T 1
2 3

T T
1 2

Electrical conductivity (dS m™)

=)
w

Figure 2. Regression adjustments for the variables: shoot length (with and without growth regulator); root length (cm); shoot and
root fresh mass (g); shoot and root dry mass (g); leaf area (cm?); and shoot to root ratio, as a function of fertigation in

coffee seedlings, at 120 days after planting.

good plant development at 120 DAP. The growth
parameters used were similar to those reported by
Marana et al. (2008) and Der Vliet et al. (2009) for
150-day-old coffee seedlings and by Melo & Maciel
(2014) at 189 DAP.

The beneficial effect of the higher electrical
conductivity of the nutrient solution on growth is
likely due to the greater supply of nutrients to the
plants, since electrical conductivity was raised by
increasing the fertilizer concentration in the nutrient
solution. However, except for the shoot to root
ratio, a decline was observed in the variables from
a certain electrical conductivity (i.e., approximately
2.0dS m', 1.5 dS m' and 1.0 dS m™, respectively
for shoot-related variables, root fresh and dry
mass and root length) (Figure 2). This is believed
to be linked to the osmotic effect. High salt levels
in the nutrient solution reduce its osmotic and
water potential, making it more difficult for the
roots to absorb water and nutrients. Under these
conditions, energy is transferred for the purpose of

osmotic adjustment, what may compromise certain
physiological processes and reduce plant growth
(Brady & Weil 2013, Taiz et al. 2017). This effect
is more evident and worrisome in plants in the early
stages of development (Brady & Weil 2013) and
in systems where minimum drainage is adopted
(Beckmann-Cavalcante et al. 2010), as occurred
in the present study. Furthermore, it is important
to note that, although the pH solution varied as a
function of electrical conductivity (Table 1), the
values were within the appropriate range for nutrient
solutions.

The solution with the highest electrical
conductivity (3.0 dS m") was harmful to the plants,
reducing the root growth and increasing the shoot to
root ratio. As such, the electrical conductivity and pH
of the nutrient solutions used in fertigation should be
monitored regularly. In the present study, this was
achieved using portable easy-to-use devices. Thus,
the poor fertigation infrastructure for coffee seedlings
observed by Marana et al. (2008) in nurseries should
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not be an obstacle, since the necessary equipment is
inexpensive and easy to use.

In a pursuit of alternatives to shorten the
production time of coffee seedlings, Guimaraes
(1995) removed the endocarp and used exogenous
cytokinin to germinate coffee seeds, in addition
to applying N and K for seedlings cultivated in a
nursery. However, none of the treatments adopted
reduced the production time.

The production process presented here
includes endocarp removal and seed germination
at around 10 days, plus 120 days of cultivation in
a nursery, totaling 130 days to produce a coffee
seedling with desirable traits for transplantation to
the field. This is 60 days less than the conventional
production process described in the literature (Tomaz
et al. 2015). Moreover, seed (only one is planted per
tube) and manpower expenditures are also lower,
since there is no need for the selection and thinning
required under the conventional system.

A balanced fertilization is essential during
the production process to obtain vigorous seedlings.
Although the commercial substrates available
for growing coffee seedlings in tubes contain
fertilizers, they do not guarantee an adequate nutrient
availability. Thus, an alternative to adding fertilizer
throughout the production process is the use of slow-
release fertilizers (Tomaz et al. 2015). However, the
release of nutrients depends on soil moisture and
temperature and cannot be controlled (Adams et al.
2013). Additionally, Boaventura et al. (2004) report
that slow-release fertilizers are more likely to cause
soil acidification and salt stress.

The nutritional management using nutrient
solutions and controlling electrical conductivity
and pH has been applied in the production of citrus
(Bataglia et al. 2008), potato (Calori et al. 2017),
lettuce (Helbel Junior et al. 2008) and flower
(Ludwig & Fernandes 2013) seedlings. The benefits
of this technique are a better fertilizer distribution in
the container and the ability to increase the number
of fertilizer applications, improving the nutrient
absorption by plants (Duenhas et al. 2005). For citrus
seedlings, fertilization via fertigation was found
to be more efficient than slow-release fertilizers at
providing the recommended amount of nutrients
(Boaventura 2003). Fertigation is a technical and
economically viable process commonly used for
coffee crops (Fernandes et al. 2007), but it has yet
to be studied for the production of coffee seedlings.

Larger containers may result in larger seedlings
(Vallone et al. 2010), but require more space and
investment, when composted pine bark or coconut
fiber substrates are used. Small containers, such
as cylindrical 50 cm? tubes, are easy to handle and
require less space, substrate and fertilizer. Thus,
the knowledge of the best nutritional management
strategy will ensure economic gains and quality
seedlings. Another advantage of growing coffee
seedlings in smaller containers (50 cm? or 120 cm?) is
a greater plant adherence to the substrate, which does
not break up during planting (Favarin et al. 2008).
However, when comparing the root data obtained
here in 50 cm®tubes (root length = 12.7 ¢cm; root dry
mass = 0.23 g) with those reported by Marana et al.
(2008) in 120 cm® tubes (root dry mass = 0.24 g)
and data from studies that used larger containers,
such as 180 mL tubes (Der Vliet et al. 2009; root
dry mass =0.72 g) and 18 cm x 4 cm bags (Melo &
Maciel 2014; root length = 18.9 cm; root dry mass =
0.74 g), it can be inferred that smaller containers may
restrict root growth.

The use of growth regulators (Pasala etal. 2016)
or biostimulants (Yakhin et al. 2017) has attracted the
attention of researchers and agricultural companies.
Nevertheless, results for the production of coffee
seedlings are scarce and controversial. In seedlings
with 3-4 or up to 8 leaf pairs (pruned at pair 4),
subsequently transplanted to 20-L pots and assessed
at 180 days after transplantation, Stimulate® (growth
regulator) promoted plant growth, particularly at
a dose of 0.1 % (Silva et al. 2013). In seedlings
deemed too old (18 months), after 10 months of
cultivation in a nursery, Stimulate® increased the stem
diameter only in the treatment with burned coffee
husk substrate (Ferreira et al. 2015). On the other
hand, Stimulate® associated with thiamethoxam and
triadimenol did not favor the coffee seedling growth
up to 189 DAP (Melo & Maciel 2014). Stimulate®
applied to seeds (10 mL kg™) also failed to promote
growth in coffee seedlings evaluated at 150 DAP
(Der Vliet et al. 2009). These findings corroborate
those obtained here, whereby Stimulate® showed no
positive or negative effect on the growth variables.

Although different plant species, cultivars
and phenological stages have different nutritional
needs (Ludwig & Fernandes 2013), and despite
the difficulties involved in applying fertilizers or
fertigation to tubes (Marana et al. 2008, Tomaz et
al. 2015), this study may contribute to the adoption
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of fertigation in coffee seedling production. On the
other hand, in the light of our results and based on
the literature, Stimulate® has little or no effect on
coffee seedlings (up to 6 months after planting), but
increases growth slightly in larger seedlings that are
too old for transplantation.

The process presented in this study reduced
the production time of Arabica coffee seedlings by
~60 days. The resulting seedlings exhibited traits
consistent with those described in the literature for
quality seedlings ready for transplantation. The process
described here shows potential for large-scale use, but
more knowledge is needed, regarding factors such as
the effect of different growth regulator concentrations,
use of different containers, the best fertigation regime
and the field establishment of seedlings.

CONCLUSIONS

Daily fertigation using nutrient solutions with
electrical conductivities of 1.4-2.2 dS m™ are efficient
in the production of coffee seedlings. The biweekly
foliar spraying of the growth regulator had no effect
on seedling growth. As such, under these conditions,
its use is not recommend in the production of coffee
seedlings up to 120 days after planting.
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