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ABSTRACT

Rice seeds coating with microparticulate zinc oxide can maximize the absorption
of this micronutrient by the seedling and favor seeds vigor when compared with zinc
sulfate. This work aimed to evaluate the sources and doses of zinc in seed quality and
in the nutrition of rice seedlings. The experiment consisted of a completely randomized
design with four replications, five doses of zinc in the form of oxide (0; 20; 40, 80 and
160 gkg™), and a control treatment of zinc in the form of sulfate (40 g kg™). The following
parameters were evaluated: germination, accelerated aging, seedlings emergence,
emergence speed index, cold test, dry matter, and zinc concentration in the root and
shoot of the seedlings. Seed coating with zinc, regardless of the source, improved seed
physiological quality and seedling nutrition. Zinc sources did not affect germination;
however, the oxide form induced better seed vigor, except for the highest dose (160 g
kg-1). Increasing doses of zinc oxide augmented the concentration of this nutrient in
rice seedlings dry matter. Zinc coating of rice seeds in the form of microparticulate,
depending on the dose, can maximize seed vigor and increase the concentration of this
micronutrient in the seedlings when compared with zinc sulfate, the traditional source.

Keywords
micronutrient e seed coating ¢ microparticulate zinc oxide

1 Universidad Federal de Mato Grosso do Sul. Campus Chapadao do Sul. Carretera MS-306.
Zona Rural. C. P. 79560-000. Chapadao do Sul. Estado de Mato Grosso do Sul. Brasil.

2 Universidade Estadual Paulista "Julio de Mesquita Filho". Facultad de Agriculturay
Ciencias Veterinarias. Departamento de Suelos y Fertilizantes. Via de acceso Prof.
Paulo Donato Castellane. CP: 14884-900. Jaboticabal. Estado de Sao Paulo. Brasil.

3 Universidade Federal de Piaui. Departamento de Ciencia de las Plantas. Centro de
Investigacion de Ciencias Agricolas. Campus Ministro Petronio Portella. C. P. 64049-
550. Teresina. Estado de Piaui. Brasil. * gabrielbarbosa@ufpi.edu.br

Tomo 52 « N°1 « 2020 95



F. Mendes dos Santos Lourenco et al.

RESUMEN

El revestimiento de semillas de arroz con 6xido de zinc microparticulado puede
maximizar la absorcién de este micronutriente por las plantulas y favorecer el vigor
de las semillas en comparacién con el sulfato de zinc. Este trabajo tuvo como objetivo
evaluar las fuentes y dosis de zinc en la calidad de semillas y en la nutricién de plantulas
de arroz. El experimento fue desarrollado en delineamiento completamente al azar con
cuatro repeticiones, con un testigo sin aplicacion de zinc, cuatro dosis de 6xido de zinc
(20,40,80y 160 gkg! de Zn), y un tratamiento en la forma de sulfato de zinc, 40 gkg?' de
Zn. Se evaluaron los siguientes parametros: germinacion, velocidad de envejecimiento,
emergencia de plantulas, indice de velocidad de emergencia, prueba fria de semillas,
materia seca y acumulacidon de zinc en la raiz y parte aérea de las plantulas . La cobertura
de semillas con zinc, independientemente de la fuente, mejor6 la calidad fisioldgica de
las semillas y la nutricién de las plantulas de arroz. Las fuentes de zinc no alteraron la
germinacion; sin embargo, el 6xido de zinc proporciond un mejor vigor de las semillas,
con la excepcién de la mayor dosis, 160 g kg*. El aumento en la dosis de dxido de zinc
aumento la acumulacion de ese nutriente en la materia seca de las plantulas de arroz. El
recubrimiento con zinc en semillas de arroz en forma de microparticulas, dependiendo
de la dosis, puede maximizar el vigor de las semillas y aumentar la concentracion de este
micronutriente en las plantulas en comparacion con el sulfato de zinc, que es la fuente
tradicional utilizada por los productores.

Palabras clave
micronutriente e revestimiento de semillas e 6xido de zinc microparticulado

INTRODUCTION

Seed Zinc (Zn) application is an
effective method to guarantee the
greater availability and absorption of this
element at the beginning of the crop’s
development. At this stage, plants do not
absorb large amounts of nutrients from
soil or leaf applications due to the little-
developed root system and leaf area
(21). Thus, Zn soil fertilization does not
increase the concentration of this element
in rice plants (Oryza sativa L.) (25).

Seed coating enhances nutrient distri-
bution uniformity, reduces losses, lowers
application costs, and allows the rational
use of non-renewable natural reserves due
to the small amounts used (3, 4). Moreover,
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Zn application may increase germination
percentage, physiological response, and
crop’s growth, especially in grasses (2), and
depending on the source used.

Some studies have demonstrated
divergent results for the different Zn
sources applied to grasses. Tunes et al.
(2012) reported that zinc sulfate (ZnSO,)
did not increase the germination potential
of wheat seeds, whereas Santos et al
(2017) verified that zinc sulphate appli-
cation in maize seeds decreased germi-
nation and whole plant dry matter (DM).
However, the application of zinc oxides
(ZnO) forms to the seeds, increased
growth and DM of sorghum (14) and
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maize (15) seedlings, as well as root
and shoot Zn in rice seedlings (3). These
results confirm the higher efficiency of
Zn0O when compared with ZnSO,. To the
moment, studies have reported the use of
non-microparticulate oxides; therefore,
the use of a ZnO source with micropar-
ticles in the range of 1.90 to 18.00 pm
could be tested in order to find if it may
increase the benefits in germination,
growth, and nutrition of rice seedlings.

Considering the aforementioned, the
work hypothesis is that plants absorb more
ZnO0 in the form of microparticulate than
conventional ZnSO, due to the particles
size. In addition, the use of ZnO promotes
the slower zinc availability in relation to
the soluble source, ZnSO - This fact favors
a high absorption of the element without
inducing toxicity, which normally occurs
with ZnSO, seed application, as observed
in maize seedlings (19).

Thus, rice seeds coating with micropar-
ticulate ZnO can maximize the absorption
of the micronutrient in the seedling and
favor seed vigor and seedling development
when compared with zinc sulfate. This work
aimed to evaluate the sources and doses of
zinc in seed quality and in the nutrition of
rice seedlings, cultivar ANA 5015.

MATERIAL AND METHODS

The study was carried out at the Seed
Technology Laboratory of the Federal
University of Mato Grosso do Sul, Campus
of Chapadéo do Sul - CPCS/UFMS, using
seeds of the rice cultivar ANA 5015.

The experiment consisted of a
randomized completedesignwithfourrepli-
cations. Treatments consisted of a control
without application of Zn (0 g kg * of Zn),
four doses of microparticulate zinc oxide
(20, 40, 80, and 160 g kg! of Zn in seeds),
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corresponding to the amount of Zn to coat
1 kg of seed and a treatment containing a
dose of 40 g kg of Zn in seeds, with zinc
sulfate (35% Zn). The zinc oxide source
contains 50, 90, and 100% of the particles
with a diameter below 1.90; 8.96 and 18.00
um, respectively. In addition, 85% of Zn
is associated with lignin at the concen-
tration of 1,0 g L* in order to keep the zinc
in suspension. Zinc doses were chosen
according to recommendations for appli-
cation of Zn in seed treatment (15).

Seed coating was carried out by hand
in a plastic bag, by mixing the respective
dose of ZnO with 200 g of seeds moistened
with 50 mL of water and shaking for
three minutes until complete homogeni-
zation. The effects of the treatments were
evaluated by germination and vigor tests.

Germination test was carried out with
four replications of 50 seeds distributed
on germitest paper, moistened with water
equivalent to 2.5 times the mass of the
non-hydrated substrate, in a germinator
at 25°C. The evaluation was carried out 14
days after installation (11).

The evaluation of the accelerated aging
used four replications and 50 seeds per
treatment and was carried out in gerbox-
typeboxes (11.5x11.5x3.5 cm) covered by
a metal screen. Seeds were distributed in
a single layer, containing 40 mL of sodium
chloride solution (40 g NaCl/100 mL H,0),
with 76% RH (6). The boxes were covered
and maintained in a Biochemical Oxigen
Demand (B.0.D) for 24 hours at 41°C
(21). After the aging process, seeds
were subjected to the germination test,
as previously described, and evaluated
five days after sowing.

Seedlings emergence was evaluated by
placing the seeds in expanded polystyrene
box containing Plantmax® substrate
with two daily irrigations. Seedlings
were evaluated at 15 days after sowing,
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by counting the emerged seedlings (12),
using four replications of 50 seeds. The
emergence speed index was calculated by
the Maguire formula (8), with daily evalu-
ations from the beginning of seedlings
emergence, by counting the number of
seedlings emerged for 15 days after sowing.

For the cold test, four replications of
50 seeds were used for each treatment.
Seeds were distributed in germitest paper
rolls and moistened with water equivalent
to 2.5 times the mass of the non-hydrated
substrate. The rolls were stored in plastic
bags and maintained in a B.0.D. chamber
at 10°C for seven days. Afterwards, they
were transferred to the germinator at 25°C,
where they remained for another 7 days,
followed by counting normal seedlings.

For seedlings DM (dry matter), 20
seeds were sown in germitest paper previ-
ously moistened with water equivalent to
2.5 times the mass of the non-hydrated
substrate, remaining in the germinator at
25°C for 19 days. Shoots and roots of
normal seedlings of each replication
were separated using a blade and placed
in kraft paper bags and dried in a forced-
air-circulation-oven at 65°C until constant
weight. Afterwards, shoot and root DM
(mg per seedling) were obtained. The Zn
concentration was determined according
to the methodology proposed by Bataglia
etal (1983).

Data were subject to ANOVA, and the
doses of ZnO were analyzed by polynomial
regression. Three statistical contrasts
were established and analyzed by the t-test
at 5% probability: ZnO (40 g kg") x ZnSO,
(40 g kg') (C1), absence of Zn x ZnSO,
(40 g kg!) (C2), and absence of Zn x ZnO
(40 gkg™) (C3).

Revista de la Facultad de Ciencias Agrarias

RESULTS AND DISCUSSION

For germination, no significant
difference was observed between treat-
ments (table 1, page 99). However, this
experiment does not consider the growth
rate, which is fundamental for a successful
seedling establishment. Therefore, if the
seedlings development is relatively slow,
but is complete at the expected period of
time for the laboratory test, the results
may not be the same under less favorable
environmental conditions (10).

Although zinc coating did not affect the
germination, it influenced seeds vigor. In
the cold test, when comparing the oxide
form of Zinc with respect to the sulfate
form, contrast 1 (C1), and the absence of
zinc, contrast 2 (C2), the oxide presented
higher averages of seedlings (table 1,
page 99). Seeds under adverse conditions
of temperature and humidity presented
a decreased germination. In these
circumstances, zinc oxide was beneficial
in relation to the absence of zinc, causing
Zn absorption even under low seed
metabolism conditions.

The increase of zinc oxide doses
increased the values of normal seedling
germination in the cold test, with a
maximum value of 107.5 g kg! of Zn
in seeds (figure 1, page 100). This fact
confirms the beneficial effect of zinc
on seeds under adverse conditions of
temperature and humidity since this
element may have an antioxidant effect,
contributing abiotic stresses tolerance or
avoidance (7, 24).

In the accelerated aging, when
comparing zinc oxide with zinc sulfate,
the oxide showed a higher percentage of
seedling standards (C1). The same was
observed when comparing the absence of
zinc in relation to sulphate (C2).
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Table 1. Germination percentage (%), cold test, accelerated ageing, seedlings
emergence, and speed index of rice seeds emergence in function of coating with
different zinc sources and doses.

Tabla 1. Porcentaje de germinacion, prueba de frio, envejecimiento acelerado,
emergencia de plantulas e indice de velocidad de emergencia de semillas de arroz
en funcion del recubrimiento con diferentes fuentes y dosis de zinc. Estos valores se
expresan en porcentaje (%).

source | Zndose | STTNON g | Acclmted | Seedings | Emergence
gkg! (%) -
- 0 99 80 97 98 16
20 99 84 90 90 15
710 40 99 87 93 94 15
80 99 93 92 98 16
160 98 89 93 96 16
ZnSO, 40 98 80 79 92 15
CV(%) 4.34 5.08 5.20 5.08 5.66
F regression 0.15" 4.73" 0.89m 1.470s 1.120
Contrasts Estimates
C1 0.50™ 6.5" 13.50" 2.00m 0.17ns
C2 1.00" 0.5 17.50" 6.00™ 0.42"
C3 0.50™ 7.00" 4.00" 4.00™ 0.26™
Contrasts
ZnO - 87 a 93 a - -
ZnSO, - 80Db 79b - -
0 - - 97 a - -
ZnSO, - - 79b - -
0 - 80b - - -
Zn0O - 87 a - - -

* significant at 5% probability by the t-test; ™ not significant; C1: Zinc oxide (40 g kg™) x of zinc sulfate
(40 g kg1); C2: absence of Zn x zinc sulfate (40 g kg'); and C3: absence of Zn x zinc oxide (40 g kg?).
* significativo al 5% de probabilidad de acuerdo a la prueba t; ™ no significativo; C1: Oxido de zinc (40 g kg™)
x de sulfato de zinc (40 g kg'); C2: ausencia de Zn x sulfato de zinc (40 g kg™); y C3: ausencia de Zn x éxido de
zinc (40 g kgt).
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Figure 1. Cold test of rice seedlings in function of seed coating with increasing doses of
zinc oxide.

Figura 1. Prueba en frio de plantulas de arroz en funcién del revestimiento de semillas
con dosis creciente de 6xido de zinc.

The absence of this source favored
the increase of normal seedlings
(table 1, page 99). This test simulates
stressful conditions in the seeds due to
high temperature and high humidity, and
under these conditions, Zn in the form of
sulfate impaired their performance.

Seedlings emergence and emergence
speed index showed no difference
between treatments (table 1, page 99).
These results are in agreement with
those of Pletsch et al. (2014), Smiderle
et al. (2008), and Tunes et al (2012),
which presented no differences for these
parameters in canola, bean, and wheat
seeds, respectively, using zinc sulfate
coating. In some cases, the application
of ZnSO, may decrease the seed germi-
nation potential, as observed by Santos
etal (2017) and Xavier et al. (2016), who
evaluated doses of Zn sulfate applied to
maize seeds and stylosanthes, respectively.
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Results indicated greater root DM
for the Zn applied in the form of zinc
oxide when compared with sulfate oxide.
Moreover, DM values were higher when
using the Zn sources than in the absence
of Zn (table 2, page 101). In sorghum
seeds, the use of zinc oxide increased
shoot and root DM, resulting in greater
efficiency when using the micronutrient,
despite the lower absorption efficiency
when compared to the sulfate. In addition,
the application of zinc sulfate decreased
whole plant DM (14).

An increase in root DM was observed up
to the dose 0of 102.7 g kg™ of Zn (oxide form)
in seeds (figure 2b, page 102). Galrdo et al.
(1996) reported different results for the
coating of maize seeds, with an increase in
root DM with up to 40 g kg™ of Zn in seeds
when using oxide. Prado et al. (2007b)
evaluated doses of up to 40g kg! of Zn in
seeds (zinc oxide and zinc sulfate) in a maize
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Table 2. Shoot dry matter, root dry matter, and zinc concentration in the shoots and
roots of rice seedlings in function of seed coating with zinc sources and doses.

Tabla 2. Materia seca de la parte aérea, masa seca de raices y concentracion de zinc
en la parte aérea y en las raices de plantulas de arroz en funcién del revestimiento de
semillas con diferentes fuentes y dosis de zinc.

Zn concentration

Sources of Zn Dosels( 01f Zn Shoot DM Root DM Shoot Root
T p— mg per seedlings --------- | = ----eeee- mg kg!---------
- 0 4.80 3.15 748.70 268.25

20 4.83 3.35 1831.80 1423.75

700 40 5.33 3.70 3058.35 2031.30
80 5.00 3.73 3068.55 2417.15
160 5.33 3.63 3891.35 3133.40

ZnSO, 40 5.15 3.40 1801.45 1774.50
CV(%) 4.54 4.13 17.27 12.40
F regression 8.15* 11.19* 30.76 85.83"
Contrasts Estimates
C1 0.18" 0.30" 1256.90" 256.80"
Cc2 -0.35 -0.25° -1052.85" -1506.25"
C3 -0.53" -0.55 -2213.91 -1983.15"
Contrasts
ZnO - 3.70 a 3058.35 a -
ZnSO, - 340D 1801.45b -
0 4.80 b 3.15b 748.70 b 268.25b
ZnSO, 5.15a 340a 1801.45 a 1774.50 a
0 4.80 b 3.15b 748.70 b 268.25b
Zn0 5.33a 3.70a 3058.35a 2031.30a

* significant at 5% probability by t-test; ™ not significant; C1: Zinc oxide (40 g kg!) x zinc sulfate zinc
(40 g kg1); C2: absence of Zn x zinc sulfate (40 g kg'); and C3: absence of Zn x zinc oxide (40 g kg?).

* significativo al 5% de probabilidad por la prueba t; ™ no significativo; C1: Oxido de zinc (40 g kg) x de sulfato de
zinc (40 g kg1); C2: ausencia de Zn x sulfato de zinc (40 g kg); y C3: ausencia de Zn x 6xido de zinc (40 g kg?).

crop and observed a quadratic adjustment
for plant DM, with increasing values when
using zinc oxide and decreasing values seeds,
Prado et al (2008) observed a decreasing
linear effect with the use of zinc sulfate and
no effect with the use of zinc oxide for DM
yield. However, zinc sulfate decreased root
DM yield when compared with zinc oxide.
Thus, high concentrations of Zn in the plant
can be toxic and consequently affect DM
yield (10).

For shoot DM, both ZnO and ZnSO0, lead
to higher values when compared with the
absence of Zn (table 2). An increasing
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linear adjustment was observed for shoot
DM with increasing doses of zinc oxide
(figure 2a, page 102). Rozane et al. (2008)
evaluated zinc oxide and zinc sulfate in
rice and verified that sources lead to
similar increments of seedlings DM.

The authors also stated that the doses
of zinc, regardless of the source, linearly
increased whole plant DM. Nevertheless,
Prado et al. (2008), in a study on sorghum
seeds, observed that the doses of zinc
quadratic and linearly affected shoot DM
yield when using zinc sulfate and zinc
oxide, respectively.
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Figure 2. Shoot dry matter (a), and root dry matter (b) of rice seedlings in function of
seed coating with doses of zinc oxide.

Figura 2. Materia seca de la parte aérea (a) y raiz (b) de plantulas de arroz en funcién
del revestimiento de semillas con dosis de 6xido de zinc.

Zinc sources significantly affected
the Zn concentration in shoot DM
(table 2, page 101). Zinc oxide showed
higher values when compared with zinc
sulfate and absence of Zn, with a greater
absorption seed of the oxide and greater
translocation of Zn to the seedling (table
2, page 101).
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Yagi et al. (2006) used doses of zinc
sulfate in sorghum seeds and observed
significant effects on zinc concentrations
in shoots. A quadratic regression was
observed for zinc concentration in shoots
(figure 3a) as a function of Zn doses in
seedlings, with maximum Zn concentration
of 2988,5 mg kg in shoot, corresponding
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to the application of 136,3 g kg of Zn in
seedlings. These results are in agreement
with those reported by Prado etal. (2007c)
in maize seeds, that observed a quadratic
increase in the Zn concentration in shoots
and roots by using zinc sulfate and a linear
increase when using zinc oxide.

No difference between the sources was
observed in Zn concentration of roots.
However, a greater Zn absorption was
verified when using zinc oxide. Regarding
the absence of Zn, the sources presented
greater nutrient concentration (table 2,
page 101).
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1000 A

500 A

Zn concentration in shoot (mg kg1)

o

y =-0.1305x* + 35.585x + 563.3

R*=0.92

0 20 40 60
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* significant at 5% probability by the F test.

* significativo al 5% de nivel de probabilidad por a prueba F.

Figure 3. Zinc concentration in shoot (a) and root (b) in rice seedlings in function of
seed coating with doses of zinc oxide.

Figura 3. Concentracion de zinc en la parte aérea (a) y en las raices (b) en plantulas de
arroz en funcidén del revestimiento de semillas con dosis de 6xido de zinc.
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A positive quadratic effect
was observed for zinc concen-
tration in roots of rice seedlings

(maximum value of 3.149,9 mg kg') when
usingzinc oxide up tothe dose 0f138.2 gkg!
in seedlings (figure 3b, page 103). Plants
tolerance to zinc excess is related to the
complexation of the metal in the cytoplasm
of the cells by the exudation of chelating
substances in the roots (22).

Rozane et al. (2008) reported that the
increase in the doses of zinc quadrati-
cally increased the zinc concentration
and accumulation in the root when using
both zinc sulfate and zinc oxide. In maize
seeds coated with zinc, Prado et al. (2007)
observed that the increase in the doses

the nutrient concentration in root when
using zinc sulfate; a linear increase of
the nutrient concentration when using
zinc oxide, and a quadratic increase in Zn
accumulation for both sources.

CONCLUSION

Zinc sources did not change the germi-
nation; however, the oxide form provided
better seed vigor, except for the highest
dose (160 g kg 1). Increases of zinc oxide
doses augmented the concentration of
this nutrient in rice seedlings DM, when
compared with zinc sulfate, which is the
traditional source.

of zinc resulted in a quadratic increase of
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