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ARTICLE INFO ABSTRACT

Article history: This study aimed at evaluating physical and pHggioal quality of soybean seeds
Received 18 July 2016 harvested with different trail systems after hanasd storage. The used cultivar was
Accepted 21 August 2016 Syn 1059 RR (V Top), which was sown under no télaxystem on 10/25/2014 with

Published 3 September 2016 sowing density of 240,000 seeds per hectare andrgpaf 0.5 m. Treatments were

consisted of different trial systems for assessmenjt combine with axial trial
system; b) combine with axial trial system equippétth "draper” platform; c) combine

Keywords: with radial trial system; d) control - manual thresy. The percentage of "bandinhas",
Glycine max (L.) Merrill, mechanical mechanical damage by hypochlorite tests, germinataxcelerated aging and field
damage, latent damage, vigor emergence were analyzed. Seeds harvested withamdadxial trial systems equipped

with "draper" platform and manual trial showed ndfedence for germination,
accelerated aging results and field emergence.i¢dtyand physiological quality is
superior when it is used harvesters with axial aw@hl system + "draper" without
differing from manually harvested seeds.

INTRODUCTION

In Brazil, in 2013, gross domestic product (GDP)agfibusiness was responsible for the amount of 1.1
trillion Reais, being the productive chain of sogbheaccounted for 7.8% of the wealth produced by d$bictor.
The grains of this species, together with deriveddpcts have high economic (Freitas, 2011) andaoci
(Albrecht et al., 2009) importance. Soy is a food that shows alnomplete chemical composition, being a
supplier of fatty acids, vitamins, and mainly pinge(Avila et al., 2007).

Brazil is in the second place in soy world productionly behind the United States. In the crop yafar
2014/15, a total of 32 million hectares of thisssled were cultivated, being 5.8% higher when coetpto the
previous harvest. The states of Mato Grosso, PaaadaRio Grande do Sul have the largest cultivaieds
with soybeans in Brazil, where 8.9 millionha.2 million ha' and 5.2 million h#, respectively, were in the
crop year of 2014/15. For this same crop, soybeaaished an average grain yield of 3 T heorresponding to
an increase of 5.7% compared to the previous harves

Soybean productivity can be affected by severabfacamong them physiological quality of used sded
sowing may be detached (Padaaal., 2010; Schuclet al., 2009; Meloet al., 2006). In this sense, soy plants
derived from seeds with high physiological qualitsgve greater stem diameter, plant height and \2é%
higher compared to those seeds with low physioldgjoality Schuclet al., 2009).

Seeds reach the highest quality in physiologicaunaéion stage, where occur an interruption of Ratry
matter transfer to seeds (Terasaval., 2009). When soybean seeds reach physiologicdlrityathese
show high moisture content (50%), making it impbksi to perform mechanical harvest (Pisto
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al., 2007). This process is due to the difficultytioé harvester on collecting plant material and grenfng the
trial (Terasawaet al., 2009). The harvest delay results in reduced getion and seed vigor (Grét al., 2010;
Pellzioet al., 2008). The early harvest results in obtainingdsewith superior physiological quality, being this
fact related with lower exposure of these unfavieralfimatic factors, such as pre-harvest rain, el the pest
incidence and high relative humidity (Veigigal., 2007). Thus, soybean harvest must be perfornfeshwater
content reaches approximately 15% (Franca Mieah, 2010).

During harvesting process it may have differentetymf losses which occur in different structures of
harvester whether on the cutting platform or oal siystems, separating and cleaning (Mosies., 2005). At
harvest, during the passage of plant material byttial system, seeds are vulnerable to mechadmalage,
which may be immediate or latent (Cunétaal., 2009a). As a result of mechanical damage, saszlshown
broken, cracked and scratched, besides having daiemaged essential structures (Soetzal., 2009). Seeds
with immediate damage present as main featuregpibsence of cracks, cracks and/or breakage, making
unable to germinate after the damage. In contdestpite have no change in germination, seeds attnt
damage have reduced vigor and lower storage patéReskest al., 2012).

In order to minimize the mechanical damage catsextteds, it is necessary that the trail mechan&ms
correctly adjusted, thus enabling the proper tpaidcess (Franga Netet al., 2010). The two main trail
systems present in harvesters are the axial anal femv. In axial flow combines, the harvested mglanaterial
flows parallel to the threshing cylinder axis, wihis named rotor (Veiga and Dalzoto, 2011). Inrhaial trail
system, when plant material reaches trail systeaianges its direction and is exposed to the timgscylinder
(Moraeset al., 2005).

Harvesters with axial trail system presented asydéferential, reduced mechanical damage comptred
harvesters with radial trail system (Cunétaal., 2009b). By evaluating the physiological qualitfy soybean
seeds harvested with axial and radial systemgffataht speeds, it was found that the harvestéh vedial trail
system causes more mechanical damage to seedsa@um., 2009a) and lower physiological quality
compared to those harvested with axial trail syqtiercondet al., 2010).

As an alternative to reduce losses on cutting iatf farmers have adopted in many Brazilian regitims
"draper" platform use. The "draper" platforms ateracterized by having a rubber belt that perfothes
function of trail system supply and enables the meial damage reduction. However, there is a rieed
better knowledge of cutting platform systems.

The evaluation of seed mechanical damage on hataesbe performed by laboratory tests that allogv th
identification and measurement of injuries (Careadind Novembre, 2012). The use of tests such asyX-r
sodium hypochlorite and tetrazolium allow the meament of mechanical damage occurred on harvest
(Carvalho and Novembre, 2012). In a seed producpoogram, the evaluation test application of seed
physiological quality is employed aiming at the kifyacontrol of company. Seed quality is a resulttoe
interaction of genetic, physical, physiological aahitary attributes (Peskeal., 2012).

Germination, dormancy and vigor are physiologicttitautes of seed quality and are related to the
metabolism of these structures (Peakal., 2012). For germination assessment is employedgdrmination
test, which is carried out under controlled comadisi and expresses the maximum germination poteftihle
seeds under such conditions (Pestkal., 2012). Seed vigor involves their ability to gémate and rapidly and
uniformly emerge under favorable or unfavorable immmental conditions (Diagt al., 2010). Various
methodologies are used in the evaluation of segaf yvamong them, the first germination countingngeation
speed index, seedling emergence in field, conttalleterioration, accelerated aging, electrical cetidity and
tetrazolium test (Peslat al., 2012).

Given the above, the objective of this study wasvaluate the physical and physiological quality of
soybean seeds harvested through different traiésysafter harvest and storage.

MATERIAL AND METHODS

The experiment was conducted at Taipa farm, ownyeStimbel Brothers S/A in municipality of Condan, i
the state of Rio Grande do Sul. The property isas#d at latitude 28° 06 '07 "S and longitude 53°18" W
with average altitude of 518 meters above sea.l@Vel climate in the region is subtropical of Cied,
according to Kdppen. The soil belongs to Cruz Aftapping unit, being characterized as typical Ldtogth
clayey texture and undulating relief.

The soybean cultivar used was Syngenta 1059 RR ¥jp which was sown under no tillage on 10-25-
2014, with sowing density of 240,000 seeds peranecind spacing of 0.5 m. The weed control wapesd
from an application of glyphosate herbicide. Pasttiol was carried out from five applications ofesific
pesticides for weed pests, being the first appboatvith chlorpyrifos at 1 L hd dose in the V2 stage; the
second application was in V6 stage using clorailipaole at 50 mL H' dose + teflubenzuron at 100 mL h
! dose; the third application occurred eighteen @dies the second dose with triflumuron at 100 ral*iose;
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the fourth application was performed with aceptaté.0 kg ha' dose and the fifth application was performed
using Thiamethoxam + lambda-cyhalothrin mixtur@@® ml h* dose.

For disease control, four fungicide applicationsthie interval of 18 days between one and other were
performed, being used the prothioconazole prodants trifloxystrobin at a dose of 400 mL fin the V6
stage. Subsequently, two applications of benzoflimgi + azoxystrobin at a dose of 200 g hand one last
application of prothioconazole + trifloxystrobinatiose of 400 ml Hwere performed.

The harvest was carried out on 03/15/15, with sampubmitted to analyses in April and Septembeb201
each one consisted of evaluation time (time 1 and ). Treatments were consisted of different sgstems,
where three self-propelled harvesters and manuakhing were evaluated, as follows: a) John De&# 9
harvester, with axial trail system and platformhnfitelt in the place of 40 feet spiral (12.0 m);Jbhn Deere
9670 harvester, with axial trail system and conesat platform of 30 feet (9.0 m); ¢c) John Deere5Q5
harvester, with conventional trail system - radiadl platform of 22 feet (6.6 m); d) manual.

The axial and axial more "draper" flow harvestgoerated with rotor opening of 23 (50% of total dpen
capacity of machine) and rotor speed of 380 rprrattial flow harvester, concave opening was 20 (40%
total opening capacity of machine) and cylindeation of 600 rpm. Harvest was carried out at 17100. and
the seeds were with 13.3% of humidity.

The collection of seeds was directly carried irite grain tank, after the stabilization of harvestapply.
After each collection, seeds were referred to aietatory and subjected to cleaning with the use@fmm and
3.5 mm sieves of round hole. Then, the followingalales were evaluated:

a) Percentage of bandinhas: for soybean determimaiti were subjected to the evaluation processgusi
oblong hole sieve with dimensions of 4.0 mm x 22.rR@asults were expressed as percentage of "bargiinha

b) Mechanical injury: for the evaluation of meciwahinjury, a total of 100 seeds arranged in pthlykene
cups of 200 ml containing sodium hypochlorite solutat 5%, for 10 min and ambient temperature were
used. Subsequently, sodium hypochlorite solutiors vdaained and the number of seeds with damage
measured. Results were expressed as percentagedsfwith damage.

c) Germination: four subsamples of fifty seeds preatment were used to perform the test, arranged
between two germinating sheets'gérmitest” type, wetted with distilled water in a ratio 2.tés the weight of
dry paper. Rolls were prepared, which were placed & germinator at 25 ° C (Brazil, 2009). Evaloativas
performed eight days after sowing and results esqe@ as a percentage of regular seedlings.

d) Accelerated aging: seeds were distributed oralnmaesh fixed inside polyethylene boxes ("gerbox")
containing a 40 mL blade of distilled water. Pohydéne boxes with seeds were kept in BOD at 41f6rC48
hours. Subsequently, seeds were arranged to geeminder the same conditions of germination testdithe
germination counting performed after four daysafing (Brazil, 2009).

e) Emergence in field: for the evaluation of fielshergence four replication of 80 seeds were sawagil
characterized as above, at 3cm depth. Irrigatios dedly performed and assessment performed whetlirsge
were in the VC stage (first fully expanded uniftdideaf). Results were expressed as percentagegofar
emerged seedlings.

The experimental design was randomized blocks factorial 4 x 2 scheme (trail systemrstorage time)
with four replications. Data were subjected to &ace analysis and means were compared by Tukegtt&%6
probability.

RESULTS AND DISCUSSION

There was no interaction among the trail system assbssment time factors (after harvest and after
storage) for all analyzed variables.

The determination of mechanical injuries which wasformed using sodium hypochlorite test, showed th
the higher percentage of damaged seeds occurshenreest was carried out using radial trail systEigyre 1).
Harvested seeds using combined axial and axialapedrsystem, the percentage of mechanical damage wa
lower compared to that with radial trail systemwiewer, superior to seeds manually harvested.
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Fig. 1: Percentage of mechanical damage observed in sobijgachlorite test applied in soybean seeds
harvested under different trail systems.

The entry of material into axial flow harvesterscos towards rotor axis, having the greater hamvgst
ability and allowing the reduction of damage levedsised to seeds. This is due to trail time inla¥istem and
distance between the friction elements is highengared to radial trail system (Cunéiaal., 2009a). Cunhat
al. (2009a) observed that harvesters with radial fleystem and speed of 6 and 8 Knt bause lower
percentage of damages compared to harvester wiidil fiow in 4 and 6 Km R speeds.

The correct adjustment of harvesters and seedditynsontent at harvest are also factors to beidensd
by avoiding damages to seeds. When seeds are teatweish humidity content below 11%, immediate dges
may occur. In contrast, seeds harvested with haynichntent above 15% are subject to the occurrarice
latent damages. Thus, it is important to note sligbean seeds with more than 10% of damage, afpersare
to sodium hypochlorite test, should not be useskasl (Krzyzanowslét al., 2004).

The percentage of "bandinhas" was superior whetlsssere harvested by combine with radial trail eyst
compared to those subjected to other trail syst@itgire 2). This was probably due to seeds hargdesiéh
radial trail system that have been exposed withdtgntensity to the impacts caused by threshitigasr.
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Fig. 2: Percentage of "bandinhas" in soybean seeds hadvastler different trail systems.

In axial flow combines, the harvested plant matdiavs parallel to the axis of the threshing cyer,
wherein the path of the seeds in this system ocduesto friction between the mass of plants, coacawd
rotor (Veiga and Dalzoto, 2011). This trail syst@mesents as major advantages the reduction of itigsyr
lower damage of the harvested product and easietenance (Moraest al., 2005).
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Furthermore, harvesters with axial trail systemsprg as main difference the reduced mechanical gema
levels of harvested seed compared to those witlalradil system (Cunhat al., 2009b). In radial trail system,
this occurred when plant material reaches the sggtem and changes its direction, thus being ecpisto the
impacts caused by the threshing (Moretes ., 2005).

In the assessment after harvest, the highest gatiminvalues were obtained from seeds harvestdd wit
axial trail combine, without, however, differingpfn seeds collected from those with axial systemeandpped
with "draper” platform (axial + "draper") and seedanually harvested (Table 1). On the other hanshauld
be noted that seeds harvested using combine vdtal taail system reached the lowest germinatidnes

Table 1: Germination, accelerated aging and emergencyeld fif soybean seeds after harvest (AH) and afteage (AS), which were
harvested under different trail systems.

Treatments Germination Accelerated aging Emergence in field
AH AS AH AS AH AS

Axial 98 aA* 95 aB 94 aA 93 aA 93 aA 93 abA

Axial + Draper 97 abA 95 aB 94 aA 92 aB 95 aA 9B ab

RadiaL 96 bA 94 aB 91 bA 91 aA 90 bA 89 bA

Manual 98 abA 95 aB 95 aA 93 aB 96 aA 96 aA

CV(%) 0.80 1.37 291

*Means followed by the same lower letter in theuooh and capital in line do not differ themselve3ikey test g0.05

When seed germination was evaluated after storatf@iperiod next to sowing, this did not diffesrr the
different trail systems (Table 1). However, by campg the germination values after harvest andsfieage,
it is observed a reduction of this attribute, relgss of trail system used.

Soybean seed coat is thin and has reduced protdctithe vital parts of the embryo against shoaid a
abrasions, which occur during harvest process aadltrin decreased physiological quality. The geation
reduction by using radial trail system, is probathlie to the higher degree of mechanical damagenadsén
seeds of this treatment (Figure 1). Seeds thaesufimages of immediate type have cracks and braads
become unable for germinating. Seeds submittedateni damage have reduced vigor and lower storage
potencial (Pesket al., 2012).

In this sense, Lopest al. (2011) by evaluating the manual and mechanicaldsting methods in soybean
seeds, observed germination superiority in the rooflé3.5% to manually harvested seeds comparetidset
mechanically harvested. However, Carvalitoal. (2012) found no differences by evaluating soybeaad
germination with lignin content 5% superior, mamyaand mechanically collected, with different water
contents. According to Santes al. (2007), lignin content in soybean seed coat tineftuence over their
quality due to making them less sensitive to meidahamage. Thus, the greater or lower mechadigalage,
is also a reflection of genetic load of the cultiva

In the assessment after harvest, the lowest aetetenging values were found on the radial trestey,
axial, axial + "draper" trail and manual systemd dot differ between themselves (Table 1). In thaleation
after storage, emergence values did not differ eetwthe different trail systems.

Mechanical damage caused by impacts, cuts, absasiopressure can destroy the essential structidres
seed and cause direct damage to germination arwd, vigducing storage potential, tolerance to irsantl
micro-organisms (Marcos Filho, 2005). The occureeoEmechanical damage caused by physical ageat®is
of the main causes of seed quality reduction dusitogage period. By evaluating the vigor of soybeaads
trough accelerated aging test, Lomesl., (2011) found that the vigor of manually harvdsseeds is higher
compared to mechanically harvested seeds.

Similarly to accelerated aging results, the fieldeegence values were higher for soy beans harvésted
the manual, axial and axial + draper trail systemsyever, there was a reduction of seedling emesggalues
when considering seed harvested with radial trgsitesn (Table 1). By assessing seedling emergertee af
storage of soybean seeds, results maintained the sand obtained just after the harvest.

The highest values of emergence in the field indidsigher expression of seed vigor, a conditiort tha
enables the rapid establishment and initial higleformance of plants. The uniformity in seedlimgeegence
is important to determine the initial plant popidat reflecting on crop productivity (Marcos Filh2005).

It is important to note that the expression of seigdr is function of environmental conditions atwltural
practices employed during seed production (Pesla., 2012). Thus, the harvest at certain time ancd wit
appropriate equipment is one of the determinin¢pfacfor obtaining high quality seeds.

Conclusions:

Harvesters that have axial trail system, with athawt "draper” platform allow obtaining seeds whistter
physical and physiological quality, without diffat&ate from manual trail system.

The radial trail system causes mechanical damageoybean seeds capable of harming both physical
and physiological quality.
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Mechanical damage, determined by sodium hypochkleeists and percent of bandinhas, are superior when
radial trail system is used.

The harvest of seeds that was performed with radidlsystem harvester causes reduction of getimima
and seed vigor.
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