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ABSTRACT: To facilitate seeding process of forage species, a common practice is to mix seeds with fertilizers in monocropping and
intercropping or in implementing integrated livestock production systems. However, in prolonged periods of contact, the fertilizer s salinity
and acidity negatively affect the seeds’ physiological quality. Therefore, this study intends to verify the effect of ten periods (0, 3, 6, 12, 24, 36,
48, 72, 96, and 120 hours) of exposure to granular NPK fertilizer 04-30-16 on the vigor and germination of Urochloa brizantha cv. Marandu
seeds. The experiment was conducted in a completely randomized design with three replication. The fertilizer and seed mixture registered a
negative effect on seed moisture content, electrical conductivity, emergence, emergence speed index, and seedling and radicle length as the
period of exposure to the fertilizer increased from 3 to 120 hours.
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Resposta fisiolégica de sementes de capim marandu expostas ao fertilizante NPK

RESUMO: Para facilitar o processo de semeadura de espécies forrageiras é comum a mistura de sementes com fertilizantes, seja em cultivo
exclusivo, consorciado ou na implantagdo de sistemas integrados de produgdo agropecudria. Entretanto, a salinidade e acidez do fertilizante,
em longos periodos de mistura, supde-se agdo deletéria na qualidade fisiologica das sementes. Dessa forma, o estudo teve como objetivo
verificar o efeito de dez tempos de mistura (0, 3, 6, 12, 24, 36, 48, 72, 96 e 120 horas) do fertilizante granulado NPK 04-30-16, sobre vigor
e germinagdo de sementes de Urochloa brizantha cv. Marandu. O experimento foi conduzido em delineamento experimental inteiramente
casualizado, com trés repeti¢oes. Houve efeito negativo da mistura de fertilizante com as sementes para o grau de umidade, condutividade
elétrica, emergéncia, indice de velocidade de emergéncia, comprimentos de pldntula e de radicula em fun¢do do incremento do tempo de
mistura com fertilizante, de 3 a 120 horas de exposigdo.

Palavras-chave: Brachiaria, efeito iénico, germinagdo, osmatico, salinidade.

INTRODUCTION

Animal husbandry is one of the
agricultural sectors main areas for negotiation in
Brazil’s balance of trade (CNA, 2019, USDA, 2019).
Perennial pastures, such as Urochloa brizantha
species (syn Brachiaria brizantha) are used for cattle
grazing and have low production costs as they can
utilize soils with low natural fertilities; making them
essential for economic success of the cattle grazing
industry. However, certain circumstances during crop
establishment in perennial pastures make them less
productive and more vulnerable to degradation. These
circumstances include: improper soil preparation,
low-quality seeds, seeding at an inappropriate
period or inadequate depth (DIAS-FILHO, 2012),
and exposure of forage seeds to inorganic fertilizers

(MATEUS et al., 2007; FOLONI et al., 2009; LIMA
et al., 2010). Fertilizers are chemical compounds
capable of providing nutritious resources in the
growing environment, especially the edaphic, to full
development of cultivated plants.

In pasture recovery or renewal and in
implementation of integrated livestock production
systems, forage seed is mixed with fertilizer in
the distribution box of the seeding equipment to
facilitate dispersal. This technique ensures that
seed and fertilizer distribution are optimized during
sowing process. However, this practice may result
in the seeds being mixed with the fertilizer for
long periods of time, which can negatively impact
on seed quality. Acidic residues of phosphorus and
salinity of nitrogen and potassium, which constitute
NPK fertilizers, damage the physiology of seeds that
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have had prolonged exposure to them (MATEUS et
al., 2007; LIMA et al., 2009; LIMA et al., 2010; BU
et al., 2015).

Nitrogen fertilizers, such as urea, have the
potential to release ammonia (NH,), especially when
high doses are applied in the furrows for seeding, and
this can create toxic conditions for seeds (SANGOI et
al., 2009; FERRARI et al., 2013). The likely effects
of saline toxicity are ionic and osmotic. lonic effects
result in altered enzymatic processes, disturbances in
the accumulation and transport of different ions, or
a combination of these factors (ADILOGLU et al.,
2007). Osmotic effects compromise germination as
they disturb the gradient on the seed’s surface, thereby
limiting water absorption and causing physiological
dryness (PEREIRA et al., 2012; SOARES et al.,
2015). Consequently, the expected plant populations
or crop stands decrease (DELATORRE-HERRERA
and PINTO, 2009; BAJJI etal.,2002; BU etal., 2015),
and the formation of abnormal seedlings harms the
initial establishment (LIMA et al., 2009; MASETTO
et al., 2013), and compromises productive capacity.
In general, salinity significantly impacts plant
establishment and delays emergence (DEBEZ et al.,
2004; FERRARI et al., 2013). The amount of time in
which the seed is exposed to the fertilizer can affect
it physiologically, thus altering germination and
vigor, due to the fertilizers’ saline and toxic effects
(CAVARIANI, et al., 1994; LIMA et al., 2009).

MATTEI et al. (2015) evaluated the effects
of nitrogen, phosphate, and potassium fertilizers after
different periods of contact with U. ruziziensis seeds
and observed that there was no effect on seedling
length; however, seedling dry matter production
was influenced by increased contact periods. The
depressive effect of saline fertilizers (potassium
chloride>urea) was significant for seedling dry
mass compared with the acid treatments (single
superphosphate) and the control (no fertilizer). After
96 hours of contact, there was a 36% reduction in dry
mass production in comparison with the control.

This study aimed to verify the effects that
different periods of exposure to the granular NPK [04-
30-16] fertilizer have on the vigor and germination of
Marandu grass seeds (U. brizantha cv. Marandu, syn.
Brachiaria brizantha).

MATERIALS AND METHODS

Seeds Urochloa brizantha cv. Marandu
(Marandu grass) were obtained from a commercial
lot of the 2015/2016 crop with a cultivation value
(VC) of 80%. Treatments consisted of ten periods

(0, 3, 6, 12, 24, 36, 48, 72, 96, and 120 hours) in
which the seeds were exposed to granular compound
fertilizer containing N-P,0,-K,O, 04-30-16. The
experimental design was completely randomized and
had ten treatments (periods exposed to the mixture)
with three replications.

The  granulated  fertilizers  04-30-
16 composition was defined according to P,O,
recommendations for grasses (ALVES et al., 1999)
and mixed at a sowing rate equivalent to 5.6 kg of
viable pure seed (VPS) per hectare. Therefore, the
mixing ratio equated to 28: 1 (28 g of fertilizer per 1
g of VPS). The mixture was packed into raffia bags,
simulating a practice adopted by farmers.

After the VPS were exposed for periods
of 0, 3, 6, 12, 24, 36, 48, 72, 96, and 120 hours to
the fertilizer, batches were collected at random for
manual separation of VPS from the fertilizer using
tongs, brushes, and trays to determine the seeds’
physiological qualities.

The electrical conductivity (EC) was
determined using the bulk method, wherein trials of
50 VPS were deposited in plastic cups containing 75
ml of distilled water and kept at 20 °C for 24 hours
(VIEIRA and KRZYZANOWSKI, 1999). After
this period, e electrical conductivity of the solution
was measured with a bench top digital electrical
conductivity meter.

Seed moisture content (SMC) was
determined by applying the greenhouse method at
105 °C for 24 hours (BRASIL, 2009) and using three
trials with five grams of VPS per treatment, adjusted
for percentage.

To assess germination (GER), 50 VPS per
experimental unit were utilized. They were seeded in
rolls of paper suitable for seed germination, moistened
with distilled water at 2.5 times the papers mass
and stored in a BOD seed germinator at a constant
temperature of 20 °C and no light (BRASIL, 2009).
Normal seedlings were counted seven and 21 days after
the test to gather data of the first germination count
(FGC) and germination (GER), respectively. Results
were expressed as percentages of normal seedlings.

The emergence speed index (ESI) was
determined for 50 VPS per experimental unit. The
seeds were deposited at a depth of one centimeter in
an autoclaved soil substrate, with a mean density of 1.1
kg m and a humidity at 60% of field capacity. The ESI
was determined based on daily emergence counts and
the equation proposed by MAGUIRE (1962) (eq. 1):
ESI=EI1/N1 + E2/N2 + En/Nn eq. (1)

Where: ESI is the emergence speed index;
El, E2... Enare the quantitative values of normal
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seedlings observed in the first (E1) up to the last count
(En); and N1, N2. Nnare the quantitative values for
seeding days in the first (N1) up to the last count (Nn).

Using the ESI test, we examined seedling
emergence (EMER) from the moment of first seedling
emerged until stabilization (BRASIL, 2009). Upon
the final count, we determined the percentage of
emerged seedlings.

After 7 days of seeding, the GER test
was applied to measure the lengths of the radicles
(RL) (below the cotyledon to the tip of the radicle)
and seedlings (SL) (from the tip of the coleoptile
to the tip of the radicle) in five sub-samples per
experimental unit.

The data were analyzed by variance through
the F-test, using SISVAR software (FERREIRA,
2014). When significant differences were reported,
we performed the analysis of variance within the
regression model.

RESULTS

From the analysis of variance, the F test
indicated significant differences for CE, SMC, ESI,
EMER, RL, and SL (Table 1); evidencing the effect
that contact time with the fertilizer has on the seeds
physiological qualities. The test showed no significant
effects for the EC and SMC (P>0.05) (Table 1).

Increasing duration of contact of the
Marandu grass seed with the fertilizer influenced both
EC and SMC, with their behaviors being adapted to
the positive linear regression model, characterizing
directly proportional effects of exposure (Figure

1A and 1B). The highest values for EC (32.16 and
32.39 puS em™! g, respectively) were obtained after
exposure times of 96 and 120 hours, characterizing
high salt concentration at these times. The SMC
after 120 hours’ of exposure time was superior to the
others studied, especially of those immediately sown
(0 hours of exposure time).

The ESI showed linear performance
(Figure 1C), characterizing the behavior as inversely
proportional to the time of contact with the fertilizer;
after the maximum time of exposure to the fertilizer
(120 hours), ESI and EMER were reduced (Figure
ID). The lowest percentage of EMER (26.67%) also
occurred after the maximum contact time with the
fertilizer (120 hours).

There was a negative effect on RL and
SL, caused by direct contact with the fertilizer, that
progressively restricted the plant growth capacity
as the exposure time of the seeds increased. This
behavior adjusted to the linear regression model
(Figures 1E and 1F), further emphasized that
immediate seeding (0 hour) presents better results
than when there are prolonged exposures of the
seeds to the fertilizer (120 hours).

DISCUSSION

Mixture of seeds and fertilizer increased the
contact surface and intensified both the saline action
of the nitrogen and potassium elements (MATEUS et
al., 2007; DAN et al., 2011) and the acidic action of
the phosphate component of the fertilizer (MATEUS
et al., 2007; LIMA et al., 2010; PERES et al., 2012).

Table 1 - Results from the analysis of variance for electrical conductivity, seed moisture content, first germination count, germination,
radicle and seedling lengths, emergence speed index, and emergence of Urochloa Brizantha cv. Marandu as a function of the
exposure time to the granular compound NPK[04-30-16] fertilizer.

Variables Exposure time
F Value
Electrical conductivity (uS.cm™g™) 4.408"
Seed moisture content (%) 2794
First germination count (%) 2.016™
Germination (%) 0.526™
Emergence speed index 8.769"
Emergence (%) 2436
Radicle length (mm) 19.915™
Seedling length (mm) 20.106™

ok

Coefficient of variation General Mean

(%)

11.58 26.41
2.25 10.49
12.74 56.47
15.78 69.33
16.75 491
22.10 50.93
8.47 5543
8.90 93.22

,”, and ™ correspond to significance values of P<0.01, P<0.05, and not significant, respectively, by the F-test.
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16] fertilizer.

Figure 1 - Regression equations and coefficients of determination for electrical conductivity (EC), seed moisture
content (SMC), emergence speed index (ESI), emergence (EMER), radicle (RL) and seedling lengths
(SL) as a function of Urochloa brizantha cv. Marandu seeds’ exposure time to granular NPK [04-30-

With increased periods of contact of the seeds
with the fertilizer, the harmful effects to its coating
structure intensified (SILVA et al., 2014), releasing
cellular cytoplasmic solutes into the liquid medium
(Figure 1A), namely the potassium ion (MARCOS-
FILHO, 2015), that altered the values for EC.
Similarly, AVELINO et al. (2018) using fertilizer 05-
25-15, observed an EC of 22.74 uS cm™ g, agreeing
with that recorded for the fertilizer used in this study
(22.17 uSem™' g), for immediate seeding. However,
at the seed’s maximum exposure time (96 hours),
AVELINO et al. (2018) registered an EC of 66.49 uS
cm g1, which signifies an elevated level of salt/ions
in the solution, nearly 207% of the value we obtained
for the same exposure time in this study. Similarly,
SMC was affected by the period of exposure to the

fertilizer (Figure 1B). Nonetheless, the SMC values
are suitable for U. brizantha seeds, as noted by
PARIZ et al. (2010). This indicated that the mixture’s
conditions during the experiment prevented either
the environment’s relative humidity or the fertilizer’s
critical relative humidity from negatively altering the
seed’s optimum moisture content (between 10 and
11%, moisture basis), consequently preserving the
Marandu grass seeds’ physiological qualities.

The fertilizer’s salinity reduced ESI by
60% at seeds’ maximum time of exposure to the
fertilizer (120 hours) compared to immediate seeding
value (Figure 1C). The lowest ESI values are related
to the seed’s lower respiratory activity and release
of leachates (TORRES et al., 2016), caused by the
reduced EC, brought on by the increased period of
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exposure to the fertilizer (Figure 1A). Thus, seeds tend
to have increasingly less vigor after the progressively
increased exposures to the NPK [04-30-16] fertilizer,
registering low and uneven emergence, giving
rise to seedlings with undesirable and competitive
characteristics (Figure 2).

Fertilizer’s direct contact with the seeds
inhibited enzymes action from converting reserved
substances into assimilates necessary for EMER
(ADEM et al., 2014; BU et al., 2015); characterizing
the deterioration by the fertilizer as an irreversible
process. Accordingly, ESI and EMER are intensely
affected by the fertilizer’s action (FOLONI et
al.,, 2009). EMER behavior was similar to that of
ESI, registering physiological and biochemical
disturbances that impeded or delayed EMER,
especially after 120 hours of exposure (Figure 1D).
In practical terms, prolonged exposures (120 hours)
created an economic loss of 57% of the investment,
for the acquisition of seeds, by reducing the number
of seedlings.

Prolonged contact with the fertilizer
inhibited growth or resulted in abnormal seedlings
(Figure 1). Fertilizer’s damage to the seed is
especially notable in the radicle (BEVILAQUA et al.,

1996); a structure essential to the plant’s productivity.
Degenerative changes in the seeds’ physiological
qualities yielded smaller seedlings, particularly from
the exposure time of 3 hours onwards (Figure 1),
by annihilating the integrity of the cellular systems
and affecting the translocation of the endosperm’s
nutritive reserves to the cotyledon, consequently
impairing the embryo’s growth.

DAN et al. (2011) evaluated U. ruziziensis
seeds exposed to nitrogen fertilizer (urea) and reported
that after 16 hours of exposure, there was a reduction
in seedling length equal to 10%, compared with
those that had been immediately seeded. Conversely,
MATTEI et al. (2015) studied the effect of nitrogen,
phosphate, and potassium fertilizers on U. ruziziensis
seeds after different durations of contact and observed
no effect on seedling length. In this case, the seeds’
greatest exposure to the fertilizer (120 hours) limited
the growing capacities of the aerial and radicular
structures of the Marandu grass seedlings by up to
45% (Figure 1E and 1F), consequently, decreasing
access to nutrients and water, and creating greater
susceptibility to abiotic stresses (MATEUS et al.,
2007; LIMA et al., 2009; LIMA et al., 2010; DAN
etal., 2011).

Figure 2 - Effect of (A) Oh, (B) 24h, and (C) 120h of exposure to granular NPK [04-30-
16] fertilizer on Urochloa brizantha cv. Marandu seedlings.
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CONCLUSION

After 3 hours of exposure, the mixture of Marandu grass
seeds with the NPK [04-30-16] fertilizer compromised the seeds’
vigor, reduced the expected population, seedling and rootlet lengths.
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