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Abstract
Objective: This work aims to evaluate the breaking of dormancy in seeds of Urochloa brizantha cv. Marandu and its initial
development as submitted to ethylene. Material and Methods: An experiment was carried out at FCAT-Unesp, in
Dracena/SP – Brazil, in randomized design, in a greenhouse, compoused with five different Ethephon doses: T1 – Null L ha-1
(control); T2 – 0.5575 ml L-1; T3 – 1.115 ml L-1; T4 – 2.23ml L-1 e T5 – 4.46 ml L-1 with five repetitions, 25 plots in total.
Twenty seeds of Urochloa brizantha cv. Marandu were separated to compose each experimental unit. Seeds were immersed
during a 30-minutes term, and then were sowed in vases with 9 dm 3. Fifteen days after sowing, it was set the Germination
Speed Index (GSI) and the Emergence Rate (ER). Thirty days after its began, it was set the following variables: stomatal
conductance (SC); Chlorophyll Index (CI); Aboveground Length (AL); Number of Tillers (NT); Total Weight of Shoot Dry
Matter (TWSM) and Total Weight of Root Dry Matter (TWRM). The morphoanatomical parameters evaluated were: phloem
and xylem diameter, adaxial and abaxial epidermis thickness. Conclusion: Urochloa brizantha (Hoechst ex A.RICH) STAPF.
cv. Marandu had a positive response to the use of Ethephon in the germination process. The forage production on initial
development was better on the biggest tested doses. Ethephon physiological actions reflected in gains on the cell spacing of
plant tissues.
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INTRODUCTION
Urochloa brizantha (Hoechst ex A.RICH) STAPF. cv. Marandu is a forage grass of African origin, used in Brazil since 1950, as a staple food, because the
livestock systems are characterized by using it as main food source due to their agronomic characteristics: persistence, good regrowth capacity, (Sanches et al.,
2004) its resistance to spittlebug, its fast establishment, good forage value, high production of green mass and viable seeds (Corrêa, 2002).
However, the establishment of pastures with Urochloa brizantha (Hoechst ex A.RICH) STAPF. cv. Marandu is unfeasible due to its long period of dormancy
of the seeds (Meschede et al., 2004). According to Cardoso et al. (2014), by virtue of the viable seeds display dormancy even under optimal conditions, it results in
the lack of uniformity and/or emergence of the seedlings in the field, which inhibits a rapid closure and may favor the development of weeds.
Dormancy is a phenomenon in which seemingly viable seeds do not germinate even under favorable environmental conditions (Lacerda et al., 2010). The
most common causes of the dormancy in seeds of Urochloa are the physiological immaturity of the embryo and the physical barrier imposed by the integument,
inhibiting the entry of water and sometimes oxygen. These factors may act in isolation or together, resulting in lower germination rate and vigor of the seedlings
(Silva et al., 2013).
Previous studies to overcome dormancy in seeds of Urochloa showed positive effects for thermal treatments, chemical scarification, artificial aging and the
use of gibberellin (Martins and Silva, 2003; Lacerda et al., 2010; Cardoso et al., 2014; Silva et al., 2013). Studies with ethylene have reported that this hormone is
released during seed germination, but it is still unclear whether ethylene synthesis is a requirement of germination or is just a consequence of reactions during
germination (Finch-Savage et al., 2006; Gianinetti et al., 2007). Ethylene is involved in biochemical process, as the ripeness of the pods, senescence and pathogenmediated cell death (Chandler et al., 2016).
Ethylene triggers the transcription of some genes that condition beta-glucanase, peroxidase and chalcone synthesis, through the action of the receptor
membrane proteins EIN2 and EIN3, which in this way enables greater cell division in the initial development of the embryo (Wang et al. 2002). This action
involves the conversion reactions of S-adenosyl-L-methionine (SAM) em SAM is converted to ACC by the enzyme ACC synthase (ACS). ACC is then converted
to ethylene by the enzyme ACC oxidase (ACO). Ethylene biosynthesis were also controlled by ACC synthase turnover, which is regulated by phosphorylation
(Chang, 2016).
There is a lack of studies about Ethylene action in grass, that way, this work aimed evaluate the breaking of dormancy in seeds of Urochloa brizantha cv.
Marandu seeds and its initial development as submitted to ethylene.
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MATERIAL AND METHODS

Installing the experiment:
The experiment was installed on September 2015, in a greenhouse, at the College of Technology and Agricultural Sciences of São Paulo State University, in
Dracena/SP – Brazil. The experimental desing was completely randomized, with five doses of Ethephon (Ethylene): T1 – Null L ha-1 (control); T2 – 0.5575 ml L1
; T3 – 1.115 ml L-1; T4 – 2.23ml L-1 e T5 – 4.46 ml L-1 with five repetitions, 25 plots in total. Twenty seeds of Urochloa brizantha cv. Marandu were separated to
compose each experimental unit.
Seeds were immersed during a 30-minutes term, and then were sowed in vases with 9 dm3 capacity, containing sifted soil originaly classified as Red Yellow
Argisol (Embrapa, 2013), with the following chemical attributes: pH CaCl2 = 4.5; MO g dm-3 = 4.5; P mg dm-3 (resin) = 6.0; K mmolc dm-3 (resin) = 4.6; Ca mmolc
dm-3 (resin) = 10; Mg mmolc dm-3 (resin) = 4.0; S (SO4-2) mg dm-3 = 7.0; H + Al mmolc dm-3 = 18.0; Al mmolc dm-3 = 1.0; Sum of bases mmolc dm-3 = 15.6; CTC
mmolc = 36.3; Saturation by bases (V%) = 50.8 and Saturation Al (m%) = 6.0 and fertilized according to Raij et al. (1996). During the experimental term, it was
carried out manual watering, when its was necessary, it was carried out the weed control, plagues and diseasses.
Physiological and Ultrastructural analyzes:
Fifteen days after sowing, it was set the Germination Speed Index GSI). Using the following mathematical formula: GSI = G1/N1 + G2/N2 +...+ Gn/Nn, in
which G1, G2, GN = number of germinated seedlings on each counting, N1, N2, Nn = number of sowing days on each counting, as described by Maguire (1962);
and the Emergence Rate (ER), by using the following mathematical formula: ER = PGn/SNn x 100, in which PGn = number of germinated seedlings; SNn = sum
of seeds. After a 15-days term thinning was carried and used three plants were more homogeneous in each plot.
At the end of the experiment after thirty days, the following variables were set: Stomatal Conductance (SC) determined by Ap-4 Porometer, and the
Chlorophyll Index (IC) with using a model CCM-200 apparatus. Both evaluations were set at noon under sunny days, in leaf +1 of four tillers from each
experimental unit. Aboveground Length (AL) was also set, by using a milimiter ruler, and the Number of Tillers (NT) from the direct counting on clump of plants.
All chosen material was submitted to dry process in forced air-ciculation oven, using 65°C constant temperature, until they reach stead weight. After de dry
process, it was set the Total Weight of Shoot Dry Matter (TWSM) and Total Weight of Root Dry Matter (TWRM).
It was taken a fragment of the middle area of the leaf blade on totally expanded leaves+1 from 9 more vigorous tillers to process the morphoanatomics
analysis. It was taken a fragment of the middle area of the leaf blade of totally expanded leaves to mount the slides. The samples were fixed in F.A.A. 70
(formaldehyde 37%, acetic acid and 70% ethanol in the proportion of 1.0: 1.0: 18.0 - V/V) for 48 hours and stored in 70% alcohol.
The samples of the middle area of the leaf blade were subimitted to dehydration, diaphanization, inclusion and embedding process, as describied by Kraus
and Arduim (1997). Later on, the samples were cut, by using a table microtome, in 8-μm thickness slides fixed with Mayer (Gatemby and Painter, 1937), and then
they were crowned with safranin 1% and mounted between lamina and coverslip with Entellan® adhesive.
All slides were observed with an Olympus optical microscope; model BX 43, with an attached camera in order to obtain the photographs of the cuts. Photos
were used to measure anathomic parameters with cellSens Standard® analysis software graduated with a microcospic ruler in the same gain of the photos, as
described by Pereira et al. (2008).
It was set the following leaves variables: Phloem Diameter (PD), Xylem Diameter (XD), Adaxial Epiderms (DE) and Abaxial Epiderms (BE). Each
parameter were displayed by average obtained after 10 measurements.
Statistical analyzes:
Statistical analysis was obtained through the variance test F (p>0.05). After being significant, polynomial regressions were performed, where the choice of
the model for each variable was based on the significance and values of R 2, with a 5% probability. Assistat 7.7 static software (Silva and Azevedo, 2016) and
Sigmaplot were used.
Results:
The production parameters were all significant at p <0.01, except for the stomatal conductance at p <0.05 (Table 1). The responses of the production
parameters in increasing doses of Ethephon were polynomial of 2nd degree, except for the average number of tillers, which was a polynomial of 1st degree (Table
1).
Table 1: Analysis of variance of 8 production characteristics evaluated in the culture Urochloa brizantha cv. Marandu submitted to Ethephon (Ethylene), thirty
days after its beginning.
QM
FV
GL
GSI
ER
SC
SPAD
SL
NT
TWSM
TWRM
Dose
4
0.559
2575.5
686.13
224.11
636.02
9.8
47.44
22.99
Residue
20
0.416
30.1
103.76
5.21
13.01
4.37
1.50
0.58
Regression
1
Q**
Q**
Q*
Q**
Q**
L**
Q**
Q**
CV (%)
8.75
8.61
9.51
6.74
6.88
19.22
12.23
11.36
*
p < 0.05; ** p < 0.01. L – polynomial of 1st degree. Q – polynomial of 2nd degree. CV – Coefficient of variation. GSI – Germination Speed Index, ER –
Emergence Rate, SC – Stomatal Conductance, CI – Chlorophyll Index, AL – Aboveground Length, NT – Number of Tillers, TWSM – Total Weight of Shoot Dry
Matter and TWRM – Total Weight of Root Dry Matter. Source: Research data, 2016.
The germination speed index and emergence rate, Figure 1A-B, show a maximum point on doses 2.40 and 2.02ml L-1, with a percentual gain of 35.7 and
44.3% towards to the control. These values agree with Vieira and Krzyzanowsky (1999), who affirm that the potential of the seeds to express their productive
capacity is directly proportional to the emergence speed index values.
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Fig. 1: A - Germination Speed Index (GSI), B - Emergence Rate (ER), C - Stomatal Conductance (SC) and D - Chlorophyll Index (CI) of Urochloa brizantha cv.
Marandu, thirty days after its beginning. Source: Data of the author (2016).
Regarding the Stomatal Conductance, it was oberserved a positive quadratic reponse, reaching its peak on the 2.63 ml L-1 dose, with a percentual gain of
19.4% (Figure 1C), which denotes a greater functionality of stomas at this point. To the Chlorophyll Index, the response to Ethylene was inverse of the Stomatal
Conductance (Figure 1D), only from the 3.77ml L-1 doses, it was observed the increase of the Chlorophyll Index, reaching its higher point on 4.46 ml L-1 doses,
which leads to a small gain of 14.91%.
The aboveground length presented the largest size in the dose 2.27 ml L-1 which presented an increase of 31.34% (Figure 2A). Otherwise, doses above 2.27
ml L-1 presented smaller plants. This response may be linked to the lower stomatal conductance, which also displayed decrease next to the 2.63 ml L-1, as Figure
1C shows, leading to a more difficult gas exchange in the leaves, although a lower photosynthesis is efficience occoured, mainly, arround the 1.88 ml L-1 doses, as
Figures 1D shows.
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Fig. 2: AL – Aboveground Length, NT – Number of Tillers, TWSM – Total Weight of Shoot Dry Matter, TWRM – Total Weight of Root Dry Matter of Urochloa
brizantha cv. Marandu, thirty days after its beginning. Source: Data of the author (2016).
The number of tillers linearly increases when submitted to Ethephon (Figure 2B), that way, it showed the better values in the biggest tested dose (4.46 ml L), leading to a 49.2% increase. The total weight of root dry matter had an inverse response to the aboveground length (Figure 2C), these results display that NT
were more relevant on the enhancement of TWSM than to the AL, and lower performance of weight on this parameter occours due to the production of thinner
stems.
The total weight of root dry matter responded similarly to the total weight of shoot dry matter (Figure 2D), presenting the same percentage decrease when
compared to 29.19%-control, for TWRM; and 29.35%-control, for TWSM. From the 3.7 mL L-1 dose, the increment of TWRM was higher than the control, being
4.46 mL L-1, in which the highest production occurred, with a 29.2%-increase as compared to the control.
The morphoanatomic parameters were all significant at p <0.01, except for the xylem diameter that was at p <0.05. The responses of the production
parameters by increasing doses of Ethephon were polynomials of 2nd degree for the parameters xylem diameter and adaxial epidermis, whereas the diameter
parameters of the phloem and abaxial epidermis were 1 st degree (Table 2).
1

Table 2: Analysis of variance of four morphoanatomic variables evaluated in culture Urochloa brizantha cv. Marandu submitted to doses of Ethephon (Ethylene),
thirty days after its beginning.
QM
FV
GL
PD
XD
DE
BE
Dose
4
21.28
9.58
9.16
12.04
Residue
20
0.40
11.68
1.27
0.61
Regression
1
L**
Q*
Q*
L**
CV (%)
8.54
8.54
8.76
5.67
*
p < 0.05; ** p < 0.01. L – polynomial of 1st degree. Q – polynomial of 2nd degree. CV – Coefficient of variation. PD – Phloem diameter, XD – Xylem Diameter,
DE – Adaxial Epiderms and BE – Abaxial Epiderms. Source: Research data, 2016.
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Fig. 3: PD – Phloem Diameter, XD – Xylem Diameter, DE – Adaxial Epiderms and BE – Abaxial Epiderms of Urochloa brizantha cv. Marandu, thirty days after
its beginning. Source: Data of the author (2016).
The xylem diameter and the phloem diameter reach their highest point on 4.46 and 2.71 ml L-1 doses, which lead and increase on vessel caliber of 28.01 and
23.38% (Figures 3A-B). It can also be observed on Figure 4D, in which there is the presence of a xylem with a bigger and more regular caliber. The adaxial and
abaxial epidermal thickness presented their maximum point in the dose 4.46 ml L-1 (Figure 3C-D), which increase 28.41 and 13.27%.
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Fig. 4: Urochloa brizantha cv. Marandu Leaves. A – Null L ha-1 (control), B – 0.5575 ml L-1, C – 1.115 ml L-1, D – 2.23 ml L-1 and E – 4.46 ml L-1. PD – Phloem
Diameter, XD – Xylem Diameter, DE – Adaxial Epiderms and BE – Abaxial Epiderms. Thirty days after its beginning. Source: Data of the author (2016).
Discussion:
The increase in of the germination rate (Figure 1B) can be explained as the ethylene causes the weakening of the endosperm layer and promotes the
elongation of the radicle (Chen et al., 2016), this process is due to the fact that ethylene acts as a modulator of other phyto-hormones. According to Ribeiro et al
(2015), ethylene stimulates the increase of the synthesis of GA3 and, consequently, the induction of hydrolytic enzymes necessary for degradation of the
endosperm, allowing the embryonic growth. Oliveira et al. (2010) found similar results, however in another cultivar, as they studied the germination of Atemoya
seeds submitted to treatments with gibberellic acid and Ethephon, they concluded that the interaction between the bigger tested doses of GA3 and Ethephon
increased the emergence rate and the percentage of normal seedlings. Melo et al. (2012) observed in the umbu culture that the use of Ethephon at the dose of 100
mg L-1 provided an increase in the emergence rate. Lacerda et al. (2010), studying the dormancy of the Marandu cultivar in a germination chamber, observed a
higher value than that of this work for the germination with the use of boiling water, by reaching a 85.37% germination rate, whereas this work obtained a
maximum value of 75.32. Silva et al. (2013) studying the effect of GA3 on the Marandu cultivar in a germinating chamber, verified a lower response than the
present work, reaching a 63.7% rate of germinated seeds.
Concerning stomata, previous studies have reported that in some species ethylene acts by inhibiting its closure, repressing ABA-induced stomatal closure,
keeping them semi-open for a longer period (Takakins et al., 2005; Watkins et al. 2014), which supports the results found for SC in this work (Figure 1C).
Moreover, in species that develop under flood conditions and in aquatic plants, the permanence of the open stomata is linked to the high ethylene content in the
plant (Bailey Sierra and Voesenek, 2008; Chen et al., 2013). Similar results were obtained by Khan (2004), as evaluated the effects of ethephon concentrations in
Brassica juncea cultivars, found that the concentration of 1.5 mM increased the liquid photosynthesis by 31.8 and 41.8% and the stomatal conductance in 15.0 and
17.1% for the cultivars RH30 and Varuna, while the concentration of 3.0 mM showed hiding effect for both parameters. It is interesting to note that the tendency
of liquid photosynthesis was opposite to the CI of this work (Figure 1D), although the experimental conditions with Ethephon were different. In the same way,
Campos et al. (2009) carried out an experiment with soybean plants as a function of plant regulators, and noted that treatments with BAP (benzylaminopurine),
Ethephon and the mixture of mepiquat + AIB (indolylbutyric acid) + BAP keep the highest chlorophyll index 112 days after sowing, period in which the plants
begin the process of senescence.
Recent studies displayed that some phytohormones promote growth responses mediated by ethylene, such as enlongation of the hypocotyl area in bud on the
presencece of light, root gravitropism, lateral root and root hairs formation, root´s growth and development, among other diverse physiological processes (Arraes
et al., 2006). In the same way, the increase of the tillering is connected to the ethylene concentrations of the plant (Silva et al., 2007; Mishra et al., 2013; Wang et
al. 2002). These authors verified that sugarcane tillering was favored by the use of ethylene, but at high doses, it was toxic to the plant.
Other researches also found a similar response to root production, for example, Melo et al. (2012) observed that the umbu´seeds embedded in a solution of
Ethephon at the dose of 100 ppm enhanced the development of the root system. Petruzzelliet et al., (1995) verified in the pea crop that the almost total inhibition of
ethylene synthesis by AVG (2-aminoethoxylvinyl glycine), promoted between 30 and 41% the radicle elongation, while the root diameter was reduced in
approximately 30%. The increase of the root system provides a greater area of soil exploration and a better absorption of nutrients, which can culminate in positive
responses in the biomass of the plants canopy (Lopes et al., 2011).
According to Chandler et al., (2016) and Petruzzelliet et al., (1995), Ethylene actions are highly specifics, once they responses depends on the context in
which the plant is inserted. That way, the biotic and unbiotic factors will set the ethylene morphophysiological response promoted by ethylene, as well as the
inhibition or stimulation of the variables on development of the plant. Lí el al., (2002) observed the application of ethylene on sugar-cane permitted an acceleration
on the differentiation process as well as an increase in the number of phloem and xylem vases, giving them more efficient transport. The lower thickness of the
conductors vases may influences on photosynthesis index, on the growth and development of the vegetable organs, as plants with wider leaves epidermis allows a
better adaptation to adverse condictions and greater surviving chances (Figueiredo et al., 2013; Wang et al. 2002; Viana et al., 2015).
Conclusions:
Urochloa brizantha (Hoechst ex A.RICH) STAPF. cv. Marandu had a positive response to the use o Ethephon in the germination process.
The forage production on initial development was better on the biggest tested doses.
Ethephon physiological actions reflected in gains on the cell spacing of plant tissues.
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