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ABSTRACT

Aims: The objective of this study was to evaluate the effect of the application of potassium silicate
(K2SiO3) on the acclimatization of arabica coffee seedlings, under shaded and full sun conditions.
Study design: Randomized block design, with the treatments arranged in the subdivided portions
scheme, with 13 replicates.

Place and Duration of Study: The experiment was conducted from November 2016 to February
2017 in the greenhouse, at the State University of Norte Fluminense Darcy Ribeiro - UENF, in the
municipality of Campos dos Goytacazes - RJ, Brazil.

Methodology: The experiment was conducted in randomized blocks, with the treatments arranged
in the subdivided portions scheme, with 13 replicates. The plots referred to two forms of
acclimatization (shading and full sun), and the subplots were arranged to two nutrition conditions
(application of K,SiO; or not). The biometric, physiological and nutritional parameters of the plants
were evaluated. The means of the collected data were submitted to analysis of variance and
compared by the Tukey test at 5% of probability.

Results: A significant interaction between the acclimatization and application of K,SiO;was
observed in the SPAD index and potassium c in the leaves. The SPAD index was higher when
K,SiO3; was applied in both the acclimatization methods; and K,SiO3 application resulted in higher
potassium contents in the shaded seedlings. Regarding the biometric variables, an increase in the
fresh and dry matter of the aerial part was observed, when the K,SiO;was used. In relation to the
physiology, there was a beneficial effect in relation to the gradual acclimatization of the seedlings for
all the parameters evaluated; while K,SiO3 increased only the chlorophyll contents in the leaves.
Conclusion: The application of K;SiO3 might be effective in making the seedlings rustic, thereby
increasing the tolerance against insolation.
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1. INTRODUCTION
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The production of coffee seedlings in nursery is
usually done in a shaded condition, in which the
seedlings, before going to the field, require a
gradual acclimatization process, which facilitates
the ambiance and the bonding. However, the
acclimatization of the seedlings is a process that
takes about 30 days, a fact that increases the
time of permanence of the seedlings in the
nursery. It demands resources and labor,
contributing to the increase of the cost of
production. It is believed that adequate nutrient
management may reduce the need for
acclimatization, since some nutrients have the
potential to increase the rusticity of the seedlings
before being taken to the field.

Silicon (Si) is a beneficial mineral element that
has been studied in agriculture in different plant
species, aiming at resistance to plagues,
diseases and in post-harvest, always promoting
a greater rusticity of plants or fruits [1, 2, 3]. In
Brazil, Si has recently been included in the
legislation for the production and sale of
fertilizers and correctives, as a beneficial
micronutrient for plants. Once absorbed, the
nutrient accumulates in the walls of the epidermis
and contributes to the strengthening of the foliar
structures, increasing tolerance to biotic and
abiotic stresses, and in plant protection against
pathogenic attack [4].

In contrast, Potassium (K) is an essential
element of great importance in plants, since it
stimulates the development of the root, controls
the turgidity of cells, transport sugars, and helps
in the formation of enzymes and proteins [5].
Moreover, K acts on the regulation of opening
and closing the stomas, with an effect on guard
cells, in which the accumulation of this nutrient
allows these cells to accumulate water and to
swell, promoting the opening of the stomas.
When the water supply is low, K is pumped out of
the guard cells, so the pores close and loss of
water is avoided [5].

Some researchers have been studying the
potential of using K,SiOs, in the management of
diseases [3] [6], fruit quality [7] or even in the
plants acclimatization [2]. Unifying the benefits of
Si and K, it is believed that these elements can
increase the tolerance of arabica coffee
seedlings to insolation, assisting in the reduction
of acclimatization time and reducing its
permanence in the nursery. In this context, this
study was undertaken to evaluate the
biometric, physiological and nutritional aspects of
arabica coffee seedlings submitted to the

application of K5SiO3 associated to
management in the acclimatization of arabica
coffee seedlings.

2. MATERIALS AND METHODS

The experiment was conducted from November
2016 to February 2017 in a greenhouse, in the
State University of Northern Rio de Janeiro -
UENF, in the city of Campos dos Goytacazes —
RJ, located at 21°48° latitude, 41°20° longitude
and an altitude of 11 m. According to the
Koéppem climatic classification, the weather in the
region is classified as Aw (wet tropical), with a
rainy summer and dry winter. The annual
average temperature is 24°C, with annual
average rainfall of 1.023 mm.

\The experimental design was randomized block
design, with treatments arranged in subdivided
plots containing 4 treatments and 13 replicates,
with 3 experimental units in each block. Hence,
there were 39 seedlings per treatment, resulting
two forms of acclimatization (shading and full
sun), and the subplots were subjected to two
nutrient conditions (presence and absence of
K,SiO3) as follows: T1 (Shading + K,SiO3); T2
(Full sun + K,SiO3); T3 (Shading + absence
K5SiO3); T4 (Full sun + absence K,SiO3).

Coffee seedlings arising from cultivar Red Catuai
Coffea IAC 99 were cultivated in plastic bags of
10 x 20 cm. The substrates, irrigation and
cultural treatments were carried out according to
the standard recommendations [8]. A commercial
product, Aminoagro Silicio Foliar Fertilizer®
(K>SiO; — 168 g of SiO, L™ and 210g of K,0 L™)
was used as Si source. Six applications each
consisting of 5 ml of K,SiO; L™ totalizing 0.84 g
of SiO, and 1.05 g of K;O was done. The first
application was done on the seedlings with two
pairs of fully developed leaves. The applications
continued until the acclimatization period, which
began when 4 pairs of leaves emerged from the
seedlings.

A total of 156 seedlings were subjected to the
acclimatization processes according to each
treatment. 78 seedlings of T1 and T3 treatments
were treated to acclimatization with gradual
shading (50% shading for 14 days, 30% shading
for 14 days and after 28 days the seedlings were
grown in full sun); the remaining seedlings of
treatments T2 and T4 were grown under full sun
during the whole acclimatization stage. The
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process of acclimatization of the seedlings lasted
for 35 days.

Before the acclimatization, the following variables
were evaluated:

(a) Biometrics: plants height (H), measured
from the base to the plant apex; lap
diameter (DC) measured with digital
pachymeter, in the lap plants base, at 1 cm
of the soil; dry matter weight of the aerial
part (PMSPA) and dry matter weight of
roots (PMSR), measured on a analytical
digital balance, after the material was dried
in an oven at 70°C, for 72 hours. Statistical
analysis was done for all the biometric
variables The Dickson quality index (IQD)
was calculated by the formula:

IQD = MST/[(H/DC) + (PMSPA/PMSR)];

(b) Physiological variables (done between
8:00 and 10:00 in the morning): nitrogen
balance index (NBI-G and NBI-R), total
chlorophyll (SFR-G and SFR-R),
anthocyanins (ANT-RG and ANT-RB), and
flavonoids (FLAV), were estimated by a
fluorometer model Multiplex (Force-A) with
multiplex excitation light sources
(ultraviolet, blue, green, and red). The
equipment was approached 1 cm from the
seedling, directing the light chamber to the
whole plant in the direction from the apex
to the base. The green color intensity of
the leaves was also measured using a
Portable Chlorophyll Meter, [model SPAD-
502 "Soil Plant Analyzer Development"
(Minolta, Japan)], where three readings
were recorded, and one leaf was used in
each third sample of the plant. All the
physiological variables were analyzed
statistically.

(c) Nutritional  variables:  nitrogen  (N),
phosphorus (P), K and Si contents present
in the aerial part of the seedlings. To
measure the nutritional contents, all the
leaves of the seedlings were dried at 70°C
in a forced ventilation oven for 72 hours
and then milled with Wiley-type knife mills.
Each sample corresponded to 1 replicate,
containing material of 3 experimental units.
For the determination of N contents, the
plant material was digested by H,SO,, and
later determined by the Nessler method
[9]. The contents of P and K were
determined using Shimadzu brand plasma
(ICPE-9000), after digestion with HNO;
and H,O,, in an open digestion system.

The process of Si extraction in the plant
was determined by the yellow method. The
process of silicon extraction in the plant is
through oxidation of the organic matter, by
the removal of the carbon of the vegetal
tissue with hydrogen peroxide (digestion).
Sodium hydroxide added to the digestion
solution has the purpose of improving the
efficiency of the oxidant (H,O,) and
increasing the pH of the solution in order to
maintain the silicon of the vegetal tissue in
solution [10].

All the collected data were submitted to analysis
of variance, in which the average of the
treatments were analyzed by the Tukey test (P =
.05) with the aid of the statistical program
SISVAR 5.6.

3. RESULTS AND DISCUSSION

It was observed that there was a significant
interaction  between  acclimatization  and
application of K,SiO; in the variables, SPAD
index and K contents in leaves. It was verified
that the variables, namely, height of plants;
anthocyanin index (ANT_RB and ANT_RG) and
flavonoids (FLAV); nitrogen balance (NBI_R and
NBI_G) and total chlorophyll (SFR_G and
SFR_R) were influenced by the acclimatization
factors. The K,SiO; application had an effect on
the fresh and dry mass of the aerial parts and on
the K and Si contents in the leaves.

Regarding the variables that showed a significant
interaction between the factors (acclimatization x
K,SiO3), it was found that, in the shaded
seedlings with K,SiO; application, the SPAD
index was higher as compared to the full sun
seedlings with absence of silicon. This indicates
that Si and/or K may have contributed to the
increase of chlorophyll content in shaded
seedlings. In addition, it was observed that the
application of K,SiOj3 increased the K content in
the seedlings in full sun, as shown in Table 1.

Table 1. Test of averages for the sources of
variation that presented significant
interaction between the tested factors

SPAD
Shaded 29.63 aA 26.08 aB
Full sun 23.39 bA 14.15 bB

Averages followed by the same letters do not differ
between themselves by Tukey test (P = .05).
Lowercase letters represent the columns and

uppercase represent the lines



Several species of plants presented a
physiological adaptation to the level of shading
and it is expected that with the increase of the
availability of incident light, there is also a
decrease in the total chlorophyll content, the
reverse occurs with a lower light availability [11].
This fact stems from the need to increase the
photosynthetic apparatus to capture more light in
conditions of decrease in the amount of available
light, notably increasing the amount of
chlorophyll b of the photosystems | and Il [5].
Similar result was found by Encalada-Cérdova et
al. [12], who observed an increase in the
SPAD index when evaluating the influence of
light on the coffee trees under nursery
conditions.

It was verified that the application of K,SiO;
raised the SPAD index of the seedlings.
Considering what has been discussed in the
literature with the use of silicon in plants, it is
possible that this result occurred due to the
accumulation of Si in the leaves, creating a
mechanical barrier, thereby limiting the loss of

water by the leaves [13]. This layer of silica can
then act in the action of irradiation in the
processes of photo inhibition and photo-oxidation
of chlorophyll. In rice culture [14], it was
observed that the silicate also increased the
SPAD values, in addition to chlorophyll a and b,
corroborating with the results found in the
present study.

It was found that the content of K was higher in
the seedlings in full sun that received the
application of K,SiO3. Pozza et al. also observed
the effect of the silicon application on the
increment of K levels in arabica coffee plants, a
fact that may have occurred in the present work
[15].

For the variables that presented significant
variance among the treatments in the
acclimatization factor of the seedlings, the
averages test was performed, in which it was
possible to verify the effect of this factor isolated
in the behavior of these variables, as shown in
Table 2.

Table 2. Test of averages for the significant variables in the plots (acclimatization factor)

FV Plants height (cm) ANTH_RB ANTH_RG FLAV

Shaded 17.793 a -0.813 b -0.095b 0.036 b
Full sun 16.870 b -0.721 a -0.031a 0.823 a
FV NBI_G NBI_R SFR_G SFR_R
Shaded 1.006 a 1.218 a 1278 a 1.223 a
Full sun 0.156 b 0.160 b 1.044 b 0.994 b

Averages followed by the same letters do not differ between themselves by the Tukey test (P = .05).

The seedlings grown in shaded condition showed
higher growth than those of full sun, and this
result was corroborated by Tatagiba et al. [16],
who reported the higher growth of coffee plants
under shaded conditions. It is reasonable to
consider that a species such as, arabica coffee,
well adapted to conditions of low temperatures
and high altitudes, showed some degree of photo
inhibition in full sun acclimatization, negatively
influencing the SPAD index, with the degradation
of chlorophylls as well as influencing the increase
of secondary compounds, such as flavonoids
and anthocyanins.

The seedlings grown in full sun showed higher
indexes of flavonoids and anthocyanins. These
compounds are secondary metabolites that play
a fundamental role in plant protection, acting to
protect against oxidizing agents, such as
ultraviolet rays or oxidative agents of undesired
metabolic processes [17]. In this way, the
production and accumulation of these

compounds can be detected by the photo-
oxidative damages caused in the seedlings due
to the high irradiance or by the potential photo
inhibition of the region where the experiment was
conducted. Similar results were observed while
studying the accumulation of anthocyanins and
flavonoids in two varieties of lettuce cultivated in
greenhouses and in full sun, and attributed the
increase of these compounds to the
intensification of their biosynthesis, which is
normally stimulated by UV-B radiation from the
sun [18].

Nitrogen balance (NBI_G and NBI_R) and
chlorophyll indexes (SPAD, SFR_G and SFR_R)
were higher in the shaded seedlings. The
seedlings of this experiment acclimatized to full
sun, possibly presented greater difficulties in the
evapotranspiration and consequently in the
absorption of nutrients, including the available
nitrogen in the substrate, which may explain in
part, the lower nitrogen balance indices observed



in the environmentally acclimated seedlings
protected.

The potassium silicate application showed an
increase in the fresh and dry matter, and the Si
contents of the aerial part (Table 3).

The results obtained do not corroborate with the
data observed by Junior et al. [19], in which
silicon application did not show a difference in
the fresh and dry matter of the coffee plants.
However, the results found in the present
work may be related to K. Baroni et al. [20]
examined the influence of auxins and K on the
sprouting of conilon coffee, and found that K has
the potential to regulate the action of auxins,
which is considered as an element that
contributes to plant growth by favoring apical
dominance. This fact may be related to the
increment in fresh and dry matter of coffee
plants, since in K,SiO; there is presence of K;0,
which is soluble in water and readily available to
the seedlings.

Some evaluated variables were not influenced by
any of the treatments tested (Table 4). It was
observed that the treatments did not cause any
differences on the average diameter of the lap of
the coffee seedlings. Tatagiba et al. [16] studied

the effects of shading on the arabica coffee
seedlings and reported that the lap diameter of
the seedlings was not affected by different
degrees of luminosity. Probably the short period
of acclimatization of the seedlings was not
enough to interfere with this variable.

The Dickson quality index did not show a
significant difference between the treatments,
evidencing that there was no difference in the
morphological quality of the seedlings. The
values of the index varied between 0.358 and
0.404 indicating that the seedlings, regardless of
the treatment, presented good quality, since the
values were above 0.20, which is considered as
the minimum established value [21].

In relation to the content of nutrients in the leaf, it
was observed that the K and Si contents were
influenced by the treatments. However Pozza et
al. [15] observed that the absorption efficiency of
P increased in arabica coffee plants when
fertilized with calcium silicate, evidencing that the
Si can potentiate the absorption of other
elements. In addition, the authors found that the
silicate fertilizer did not increase the N content of
the aerial part, corroborating with the results
found in the work.

Table 3. Average test for the significant variables in the subplots (factor K,SiO3)

FV Fresh matter of the Dry matter of the  Si (g Kg™) K (g Kg™)
aerial part (g9) aerial part (g)

With K,SiO; 7.079 a 2.020 a 0.245a 22.08333 a

Without K,SiO; 6.563 b 1.904 b 0.217b 17.10417 b

Averages followed by the same letters do not differ between themselves by the Tukey test (P = .05).
Table 4. Analysis of variance, coefficient of variation and general average of the variables
studied in each isolated factors and in the interaction of factors

Variation source Lap diameter Dry matter of Dicks on Nitrogen Phosphorus
(FV) (mm) the root (9) quality index (@ Kg?) (g Kg™h
Acclimatization 1.001™ 2.366 ™ 3.0760™ 2.4276™ 4.108™

CV (%) 5.97 31.74 23.88 13.50 13.77
K2SiO3 1.033"™ 1.6355™ 0.0203"™ 1.8149™ 0.864™

CV (%) 6.30 15.28 14.12 12.23 15.97
Acclim.x K;SiO; 0.061™ 13.4316™ 3.1670™ 0.1556™ 0.034"™
Overall Average 2.92 0.37318 0.37318 15.85625 2.43125

*significant at the 5% probability and **significant at the 1% probability level by the F test. "No significant.

4. CONCLUSION

It has been noticed in the present study that the
potassium silicate increased the silicon and
potassium contents in the leaves and provided
an increase in fresh and dry mass in the aerial
part of arabica coffee seedlings. The potassium
silicate did not interfere with the production of
anthocyanins and flavonoids and increased the

chlorophyll content in leaves of the seedlings.
The acclimatization under shading increased the
total chlorophyll index, the nitrogen balance, and
decreases the anthocyanin and flavonoid
contents of the seedlings. Therefore, it can be
mentioned that the application of K,;SiO3; might
be effective in making the seedlings rustic,
thereby increasing the tolerance against
insolation.



COMPETING INTERESTS

Authors have declared that

no competing

interests exist.

REFERENCES

1.

Camargo, MS, Korndorfer, GH, Foltran,
DE. Absorcdo de silicio e incidéncia de
broca-do-colmo em duas soqueiras de
variedades de cana-de-agucar = Silicon
absorption and stalk borer incidence by
sugarcane varieties in two ratoons.
Bioscience Journal. 2014; 30(5): 1304-
1313.
http://www.seer.ufu.br/index.php/bioscienc
ejournal/article/view/22106/14974
Eburneo, L, Ribeiro-Junior, NG, Karsburg,
IV, Rossi, AAB, Silva, IV. Anatomy and
micromorphometric  analysis of leaf
Catasetum x apolloi Benelli & Grill with
addition of potassium silicate under
different light sources. Brazilian Journal of
Biology. 2017; 77(1): 140-149.
http://dx.doi.org/10.1590/1519-6984.12015
Ramos, AR, Dos Santos, RL, Amaro, ACE,
Fumes, LAA, Boaro, CSF, Cardoso, All.
Eficiéncia do silicato de potassio no
controle do oidio e no desenvolvimento de
abobrinha de moita. Horticultura Brasileira.

2013; 31(3): 432-438.
http://dx.doi.org/10.1590/S0102-
05362013000300014

Cruz, MFA, Araujo, L, Polanco, LR,

Rodrigues, FDA. Aspectos microscdpicos
da interacdo feijoeiro - Colletotrichum
lindemuthianum mediados pelo silicio.
Bragantia. 2014; 73(3): 284-291.
http://dx.doi.org/10.1590/1678-4499.0139
Taiz, L, Zeiger, E, Moller, IM, Murphy, A.
Fisiologia e desenvolvimento vegetal
[recurso eletrénico], [tradugdo: Alexandra
Antunes Mastroberti ... et al], reviséo
técnica: Paulo Luiz de Oliveira. — 6th ed. —
Porto Alegre: Artmed, 2017.

Oliveira, GM, Pereira, DD, de Camargo,
LCM, Saab, A, Grigoli, OJ. Fosfito e
silicato de potassio no controle da
ferrugem asiatica da soja (Phakopsora
pachyrhizi Syd. & P. Syd). Revista
Brasileira de Ciéncias Agrarias. 2015;
10(1): 60-65.
DOI:10.5039/agraria.v10i1a4771
Rodrigues, CR, Rodrigues, TM, Luz, JMQ,
de Carvalho, PC, Sousa, JB, de Paula
Barbosa, K, Trindade, PR. Produtividade e
qualidade de frutos do morangueiro
tratados com diferentes dosagens de

10.

11.

12.

13.

14.

15.

16.

silicato de potassio. Global Science And
Technology. 2016; 9(2): 35-42.
https://rv.ifgoiano.edu.br/periodicos/index.p
hp/gst/article/view/804/502

Matiello, JB, Santiago, R, Almeida, SR,
Garcia, AWR. Cultura de café no Brasil:
manual de recomendagdes. Sdo Paulo:
Futurama. 2015.

Jackson, ML. Soil chemical analysis:
advanced course. UW-Madison Libraries
Parallel Press, 2005.

Korndorfer-Ufu, G H, Nolla-Ufu, A.
Corregdo da acidez do solo com a
silicatagem. Universidade Federal de
Uberlandia. Uberlandia — MG, 2014.
Mokochinski, FM, Moreira, VS, Vogel, GF,
Martinkoski, L, Guilhermeti, PG Variagdo
estacional do teor de clorofila em mudas
florestais sob diferentes condi¢cdes de

luminosidade. Revista Verde de
Agroecologia e Desenvolvimento
Sustentavel.  2014;  9(3):  324-330.

http://oaji.net/articles/2015/2238-
1445871036.pdf

Encalada-Cordova, M, Soto-Carrefio, F,
Morales-Guevara, D, Alvarez-Bello, |.
Influencia de la luz  enalgunas
caracteristicas fisiolégicas del cafeto
(Coffea arabica L. cv. Caturra) en
condiciones de vivero. Cultivos Tropicales.
2016; 37(4): 89-97.
http://dx.doi.org/10.13140/RG.2.2.10544.7
6801

Malavolta, E. Elementos de nutrigdo
mineral de plantas. Sdo Paulo: Editora
Agrondmica Ceres, 1980.

Avila, FW, Baliza, DP, Faquin, V, Araljo,
JL, Ramos, SJ. Interagdo entre silicio e
nitrogénio em arroz cultivado sob solucdo
nutritiva. Revista Ciéncia Agrondémica.
2010; 41(2): 184-190.
http://ccarevista.ufc.br/seer/index.php/ccar
evista/article/view/470/444

Pozza, AAA, Carvalho, JGD, Guimaraes,
PTG, Figueiredo, FC, Aragjo, AR.
Suprimento do silicato de calcio e a
eficiéncia nutricional de variedades de
cafeeiro. Revista Brasileira de Ciéncias do
Solo. 2009; 33(6): 1705-1714.
http://www.scielo.br/pdf/rbcs/v33n6/a19v33
n6.pdf

Tatagiba, SD, Pezzopane, JEM, Dos Reis,
EF. Crescimento vegetativo de mudas de

café ardbica (Coffea arabica L.)
submetidas a diferentes niveis de
sombreamento. Coffee Science. 2011;

5(3): 251-261.



17.

18.

19.

http://dx.doi.org/10.25186/cs.v5i3.131
Barnes, PW, Flint, SD, Ryel, RJ, Tobler,
MA, Barkley, AE, Wargent, JJ.
Rediscovering leaf optical properties: New
insights into plant acclimation to solar UV
radiation. Plant Physiology Biochemistry.
2015; 93(1): 94-100. DOI:
10.1016/j.plaphy.2014.11.015

Briickova, K, Sytar, O, Zivéak, M, Bresti¢,
M, Lebeda, A. The effect of growth
conditions on flavonols and anthocyanins
accumulation in green and red lettuce.
Journal of Central European Agriculture.
2016; 17(4): 986 - 997.
DOI: /10.5513/JCEA01/17.4.1802

Junior, JP, Fagan, EB, Corréa, LT, Soares,
JN, Pereira, IS, Silva, LG. Resposta
fisiolédgica de mudas de café a aplicagédo
foliar de estrobilurina-piraclostrobina e
silicio. Cerrado Agrociéncias. 2013; 1(4):
42-57.
http://revistaagrociencias.unipam.edu.br/do

20.

21.

cuments/57126/179380/Resposta++fisiol %
C3%B3gica+detmudas+de+caf%C3%A9.
pdf

Baroni, DF, Reis, LS, Baitelle, DC, Vieira,
KM, Meireles, RC, Verdin-Filho, AC,
Haddade, IR. Acido naftalenoacético
associado a adubagdo potassica na
brotagdo de café conilon. Coffee Science.
2017; 12(2): 135-142.
http://www.coffeescience.ufla.br/index.php/
Coffeescience/article/view/1279/pdf 1279
2

Hunt, G.A. Effect of styroblock design and
copper treatment on morphology of conifer
seedlings. p. 218-222 In: R. Rose, S.J.
Campbell, and T.D. Landis (eds.). Target
seedling symposium: Proc., combined
meeting of the Western Forest Nursery
Assn. and Intermountain Nursery Assn.
USDA For. Serv. Gen. Tech. Rpt. RM-200,
Fort Collins, Colo, 1990.




