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ABSTRACT - The mechanical harvesting causes injuries on seeds and may affect their quality. Different
threshing mechanisms and their adjustments may also affect the intensity of impacts that machines cause on
seeds. So, this study aimed at diagnosing and evaluating the effect of two combines: the first one with a
threshing system of axial flow and the other one with a threshing system of tangential flow, under adjustments
of concave opening (10 mm, 30 mm and 10 mm for a combine with axial flow and 3.0 mm, 15 mm and 3.0 mm
for a combine with tangential flow) and three cylinder rotations on the quality of soybean seeds harvested at
two moisture contents. Soybean seeds of cultivar 'ND 4910' were harvested at 16.6% moisture (mid-morning)
and 13.7% moisture in the afternoon. The seeds quality was evaluated by germination tests, germination speed
index (GSI), germination rate, moisture content, percentage of purity and vigor by tetrazolium test. Despite the
combine, the results showed that the mechanical injury has most reduced seeds quality, at 16.6% moisture
content, concave opening of 30 mm (axial) and 10 mm (tangential) and cylinder rotation of 1100 rpm (axial)
and 1000 (tangential), both with the highest rotations used. The combine with tangential flow had the highest
degree of seeds purity. When seeds moisture content at harvest was close to 13.7%, there was the highest seed
injury, while, at 16.6%, there was the highest number of crushed soybeans, regardless the combine adjustment.

Keywords: Glycine max. Combines adjustment. Cylinder rotation.

QUALIDADE FISIOLOGICA DE SEMENTES DE SOJA SUBMETIDAS A DANOS MECANICOS
OCASIONADOS POR COLHEDORAS

RESUMO - A colheita mecanica acarreta danificagdes nas sementes e pode comprometer sua qualidade. Neste
contexto, objetivou-se neste trabalho, diagnosticar e avaliar o efeito de duas colhedoras: uma com sistema de
trilha de fluxo axial e outra com sistema de trilha de fluxo tangencial, sob trés regulagens de abertura do
concavo (1; 30 e 1 mm, para colhedora de fluxo axial e 3,0; 15 e 3,0 mm, para colhedora de fluxo tangencial) e
trés rotagdes do cilindro (1100; 450 e 650 ou 930, dependendo do grau de umidade das sementes de 13,7% e
16,6%, respectivamente, para colhedora de fluxo axial e 1000; 500 ¢ 550 ou 800 rpm, dependente do grau de
umidade de 13,7% e 16,6%, respectivamente, para colhedora de fluxo tangencial) sobre a qualidade das
sementes da cultivar de soja “ND 4910”. Teores de dgua diferenciados foram obtidos em diferentes horarios de
colheita. A qualidade da semente foi avaliada pelos testes de germinacdo, indice de velocidade de germinagao,
velocidade de germinagdo, grau de umidade, porcentagem de pureza e vigor pelo teste de tetrazodlio.
Independente da colhedora, os resultados obtidos permitiram concluir que o dano mecanico foi o que mais
reduziu a qualidade das sementes, com 16,6% de grau de umidade, abertura de concavo de 3 mm (axial) e
1 mm (tangencial) e rotacdo do cilindro de 1100 rpm (axial) e 1000 (tangencial), ambas com as maiores
rotagdes de cilindro utilizadas.

Palavras-chave: Glycine max. Regulagem de colhedoras. Rotagéo do cilindro.
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INTRODUCTION

The Brazilian agricultural production has in-
creased in recent years, both in productivity and in
cultivated area. These increases have come to de-
mand higher quality and speed of harvest. When
harvest is managed at inadequate stadium of seeds
maturation, without observing the correct operating
preparation, maintenance and adjustments of com-
bines, there are some considerable losses on it, which
decrease producers, productivity and profitability
(FERREIRA, 2007).

According to Costa et al. (2002), mechanical
harvesting, if it not performed with strict care, can
provide significant losses in both quantity and quali-
ty of the harvested product. Carvalho Filho et al.
(2005) also pointed out that crop losses are influ-
enced both by factors that are inherent in the crop,
mainly by factors related to the combine. Besides the
direct injury to physiological quality, seeds with
cracked tegument, cracks or light scarification are
sources of infection and have their potential of stor-
age affected by the attack of insects and microorgan-
isms (MARCOS FILHO, 2005). Thus, not only large
and visible injuries, but also small, micro or even
invisible injuries by naked eye, depending on their
place, can significantly reduce seed quality (LOPES
et al., 1999).

The physiological quality, vigor and perfor-
mance of soybean seeds may be influenced by fac-
tors such as the chosen cultivar (VASCONCELOS et
al., 2009), tillage systems, crop sequence used
(NAKAGAWA et al, 2003), sowing period
(MOTTA et al., 2002), packaging during storage
(GIURIZATTO et al., 2008), period of seed produc-
tion (ALBRECHT et al., 2009), kind of combine
used (MARCONDES et al., 2005; MARCONDES et
al., 2010), moisture content at harvest (PESKE
AND HAMER, 1997), among other factors.

According to Afonso Junior and Corréa
(2000), the crush susceptibility of seeds is inversely
related to a moisture content of the product at har-
vest. Carraro and Peske (2005) examined the use of
soybean seeds in Parand State and concluded that the
mechanical injury and spoiling caused by moisture
are the main causes of low quality in some seed
batches. Costa et al. (2005) have studied the ecologi-
cal zoning to crop soybeans and found out that the
spoiling caused by moisture and mechanical injury
are the main factors that contribute to reducing the
quality of soybean seeds.

The speed, percentage and uniformity of ger-
mination on a seed batch are influenced by several
internal conditions, by environmental factors and
management practices during and after harvest
(MARCOS FILHO, 2005).

A threshing mechanism decreases losses of
seeds during the process, as well as reduces mechan-
ical injuries transmitted to seeds and their correct
separation. The combines with axial threshing sys-

tem, in which the material takes the cylinder axis
direction (known as rotor), present as possibility the
decrease of mechanical injury rates, especially at
seeds harvest in relation to the combines with tan-
gential threshing system (CUNHA OLIVEIRA
AND PIVA, 2009).

In this context, this study aimed at diagnosing
and evaluating the effects of two combines: the first
one with a threshing system of axial flow and the
other with a threshing system of tangential flow,
based on three adjustments of concave opening and
three cylinder rotations at soybean harvest with two
degrees of moisture content on seed quality.

MATERIAL AND METHODS

The crop was carried out under no-tillage
system on a farm in Rio Bonito, Pontdo city - RS, in
2008, latitude - 28° 03' 33" and longitude 52° 40' 38"
with 683 m average altitude.

The soybean cultivar was 'ND 4910, with
377,000 plants per hectare and official recommended
techniques were adopted for the crop. Seeds were
harvested with combines Case ® - Model 2388 Ex-
treme and John Deere® - Model 8700. The first
combine had a threshing system of axial flow, with a
280 hp engine and rotor speed from 250 to 1150
rpm.

The rotor dimensions are 762 mm diameter
and 2794 mm length, with transport wings, which
allow increasing or decreasing as long as the material
stays in a threshing system. The batter has a triangu-
lar section with three blades. The second combine
uses the tangential flow (conventional), a threshing
system with a 225 hp engine, concave, and cylinder
of bars, with a range of speeds from 380 to 1100
rpm. The cylinder diameter is 615.5 mm with 1.540
mm width and eight bars. The concave has a 104°
angle of involvement and 14 bars, while, the Thrash-
er has a square section with four blades.

The speed of both machines was stabilized at
5.0 km h™" and the seed samples (1.5 kg) were col-
lected at the exit of screws that supplied the bulk
carrier of combines with four replications. Subse-
quently, the seeds were put in paper bags and just
after the sampling collection, moisture content was
determined using a particular ‘Universal’ model.

Seeds were harvested in mid-morning and had
16.6% moisture while those harvested in mid-
afternoon showed 13.7% answer. Both combines
were managed with three adjustments of threshing
mechanisms for each moisture content (Table 1).

Four replications were collected for each
treatment (combination of threshing mechanism,
adjustment and moisture content). The manual har-
vest of four samples was considered as the control
treatment.

Samples were packed and transported to the
Laboratory of Seeds and Plants Analyzes from the
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Department of Exact and Technologic Sciences at
the Western Parand State University (UNIOESTE —
Campus of Cascavel). The percentage of germina-
tion, moisture content (BRAZIL, 2009), germination

speed index (GSI) (MAGUIRE, 1962), germination
rate (GR) were determined according to Edmond and
Drapala (1958), as well as viability and vigor by
tetrazolium test (FRANCA NETO et al., 1999).

Table 1. Adjustments of threshing mechanisms of combines for soybean seeds with different moisture contents and

adjustments.
Combine
Axial Tangential
Adjustments
. . Concave . . Concave
Cylinder rotation (rpm) opening (mm) Cylinder rotation (rpm) opening (mm)
HT 1100 10,0 1000 3,0
LT 450 30,0 500 15,0
Morning - Moisture
moisture  content 930 10,0 content 800 3,0
16.6% 16.6%
IT
Afternoon - Moisture
moisture  content 650 10,0 content 550 3,0
13.7% 13.7%

HT: Adjustment that provides the greater effect of threshing; LT: Adjustment that provides the lower effect of threshing; IT:
Adjustment with threshing effect, considered ideal as it does not generate losses at the crop.

Each area sample (replication) was
subdivided into two sub-samples, with a total of
eight repetitions of each treatment and using the
average of sub-samples for the analysis of variance.
Thus, the experimental design was a 2x2x3 factorial
(combine x moisture content x adjustment), with
four replications.

The data were submitted to ANOVA and
averages were compared by Turkey test at 5% proba-
bility using SISVAR 5.0 software developed by
Ferreira (2008). The data that were obtained on the
percentage of germination and tetrazolium test were
transformed into arc sen+/(x +0,5)/100 before their
submission to the analysis of variance (BRASIL,
2009).

RESULTS AND DISCUSSION

The percentage of germination did not differ
between both combines (Table 2). Similar results
were obtained by Mesquita et al. (1999), who
evaluated losses and physical quality of soybean
seeds by mechanical harvesting from 95/96 and
97/98 crops in Brazil, and pointed out that the levels
of mechanical injury did not dependent on age or
brands from the studied combines.

In a study concerning mechanical injury and

physiological quality of soybean seeds, harvested by
conventional and axial threshing system, concluded
that both combines, since they were conveniently
used at harvest according to the specific adjustments,
did not cause difference on physiological quality of
soybean seeds (MARCONDES et al., 2005).

There were significant interactions between
moisture content of seeds and the adjustments of
combines. When moisture content was 16.6%, the
percentage of germination was influenced by the
adjustments, but this did not happen to 13.7%
moisture content. With the highest moisture content,
the ideal threshing adjustments and the highest effect
of threshing reduced the percentage of seed
germination when compared with the lowest
threshing adjustment.

According to this moisture content, the lowest
threshing adjustment resulted in crop losses due to
some threshing lack, so, its use is not indicated.
Similar results were obtained by Costa et al. (2001),
who reported slightly superiority in absolute values,
with improvements on germination, vigor and viabil-
ity from twelve soybean cultivars harvested in the
States of Parana, Santa Catarina and Mato Grosso,
when the speed of threshing cylinder operated with
rotation less than 500 rpm for the tangential com-
bine. On the other hand, when the seed moisture
content was 13.7% at harvest, there was no effect of
adjustments of combines on seeds germination. At
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this moisture content, the highest and the ideal
threshing adjustments resulted in a superior
germination than the one observed with 16.6%

moisture content, which indicates the importance of
respecting the ideal moisture content of seeds to
minimize injury to the harvest.

Table 2. Averages of germination percentage (%) of soybean seeds harvested with axial and tangential threshing
mechanisms, adjusted according to threshing effect, with 16.6 and 13.7% moisture contents.

Factor Germination (%)

Threshing mechanism

Axial 93 A

(Tangential L UBA
Moisture content

16.6 % 90 B

I37% o 9TA
Adjustment

HT 89 B

LT 98 A

T 9B
oo Interaction sliced between adjustments and moisture contentof seeds
Adjustment Moisture 1 (16.6%) Moisture 2 (13.7%)

HT 82 Bb 96 Aa

LT 98 Aa 98 Aa

IT 89 Bb 96 Aa

HT: The highest effect of threshing; LT: The lowest effect of threshing; IT: Ideal threshing

Averages followed by the same letter, uppercase in a column within each factor and lower-case letter in the row, do not
differ among themselves by Tukey test at 5% probability. The presented data were obtained from the original observations
followed by the letters obtained from the comparison of averages with the transformation in arcsine V (x + 0.5) / 100.

These observations can be justified by the
reports of Carvalho and Nakagawa (1983), whereby
moisture content of seeds, at the time of impact, is
the only factor that plays the most important role
among those that determine how much mechanically
injured the seeds are. According to Table 3, it is
observed that the germination rate (GR) showed no
statistical difference for the analyzed parameters.
The germination speed index (GSI) showed the
highest average on 13.7% moisture content and the
highest averages on adjustments with the lowest

lowest rotations of threshing mechanisms. Based on
the analyzes of seeds moisture content, there is no
difference among the combine and adjustment
factors, whereas, for the moisture content factor,
there was a difference among averages.

Seed batches with the highest germination
rate, calculated by VG and GSI, are the most
vigorous ones, so, there is a direct relation between
the speed of germination and seeds vigor
(KRZYZANOWSKI, VIEIRA AND FRANCA
NETO, 1999).

effect of threshing and ideal threshing, which had the

Table 3. Germination speed index ( GSI), germination rate (GR) and post-harvest moisture content determined in the labor-
atory, of soybean seeds for factors as combine, moisture content in the area and adjustment.

Factor GSI GR Post harvest moisture content (%)

Threshing mechanism

Axial 299 A 50A 9.7 A
Tangential 30.1 A 5.0A 9.7A
-nzoi_stzlr_e gozltgn; ___________________________________________________
16,6% 29.4B 50A 9.8 A
13,7% 30.6 A 50A 9.6 B
Adjustment
HT 293 B 50A 9.6 A
LT 307 A 50A 9.7A
IT 30.1 AB 50A 9.7 A

HT: The highest effect of threshing; LT: The lowest effect of threshing; IT: Ideal threshing
Averages followed by the same letter, uppercase in a column within each factor and lower-case letter in the row, do not
differ among themselves by Tukey test at 5% probability.

193 Revista Caatinga, Mossord, v. 28, n. 4, p. 190 — 201, out. — dez., 2015



PHYSIOLOGICAL QUALITY OF SOYBEAN SEEDS UNDER MECHANICAL INJURIES CAUSED BY COMBINES

F. P. PACHECO et al.

The purity of seeds on threshing mechanism
factor presented difference among the averages, and
the combine with a threshing system of tangential
flow registered the highest percentage of pure seeds
(Table 4). For moisture content, a significant
difference was recorded, with the greatest physical
purity at 13.7%. On the adjustment factor, the values
differed among themselves, with the greatest purity
on the adjustment of the lowest effect of threshing,
which averages that, on the adjustment with the low-
est cylinder rotation, followed by adjustment of the
ideal threshing and the greatest effect of threshing.

In the sliced interaction between adjustment
and moisture content, they differed among
themselves, although the highest adjustment was on

the lowest effect of threshing. Among the
adjustments, the highest values were for 16.6%
moisture content on the adjustment of the highest
effect of threshing and for 13.7% moisture content,
on the adjustment of the lowest effect of threshing
and ideal threshing.

When worked with beans crop and used an
axial combine automotive, they could conclude that
the purity percentage of grains was affected by the
cultivar as well as by the combine speed (3 km h™, 5
km h™' and 7 km h™") and that the highest the speed of
moving, the highest was the loss of grains,
percentage of injured grains and cutting height, but
the lowest was purity and germination at ten days
after harvest (SILVA et al. (2009).

Table 4. Purity, the percentage of soybean seeds to factors as combine, moisture content seeds, adjustment and the sliced

interaction between the adjustment x moisture content factors.

Factors Purity (%)
Threshing mechanism
Axial 87.4 B
JTangential 09A
Moisture content
16.6% 88.5B
Y 898 A .
Adjustment
HT 783 C
LT 96.6 A
I 9258 .
___________________________ Interactions sliced between adjustment and moisture content of seeds
Adjustment Moisture 1 (16.6%) Moisture 2 (13.7%)
HT 79.6 Call 77.1 Cb
LT 96.0 Aa 97.2 Aa
IT 90.0 Bb 95.0 Ba

HT: The highest effect of threshing; LT: The lowest effect of threshing; IT: Ideal threshing

Averages followed by the same letter, uppercase in a column within each factor and lower-case letter in the row, do not
differ among themselves by Turkey test at 5% probability. The presented data were obtained from the original observations
followed by the letters obtained from the comparison of averages with the transformation in arcsine V (x + 0.5) / 100.

The percentage of broken seeds did not differ
between the combines, however, they differed on
moisture content and adjustments answers (Table 5).
The highest percentage of broken seeds was
observed at 13.7%, on the adjustment of the highest
effect of threshing from a combine of tangential flow
and differed from other adjustments. In the sliced
interaction of averages among the factors, both tested
moisture contents had the highest percentage of
broken seeds when harvested under the adjustment of
the highest effect of threshing and so differing from
the other treatments.

For the adjustment factor, the averages
differed among themselves in the adjustment of the
highest effect of threshing, with the highest
percentage of broken seeds at 13.7% moisture
content. Silva et al. (2009) observed that the speed of
operation did not affect the percentage of broken
beans grains during the harvest in the morning.
However, in the afternoon, the lowest speed caused a
higher percentage of broken grains than the other
speeds. The authors defend that this happened

because of a lower supply rate of the combine,
associated with drier grain threshing.

When analyzed the effects of mechanical
harvesting with a tangential combine concerning the
qualitative losses of soybean seeds and observed that
there was no influence from moisture content and
concave opening on crushing seeds. However, the
lowest percentage of broken seeds was observed in
500 rpm rotation, which was the lowest rotation in
this trial, but, there was an increase of such
percentage by increasing the cylinder rotation
(PINHEIRO NETO; GAMERO, 2000).

Threshing mechanism factor did not differ
among the average percentages of crushed seeds
(Table 6), which differed in moisture content factor,
with the highest percentage at 16.6%. The
adjustment factor showed different answers among
the observed averages, with the highest percentage of
crushed seeds on the adjustment of the highest effect
of threshing and this one differed from the
adjustment of the lowest effect of threshing, which
were similar to the ideal threshing adjustment.
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Table 5. Broken soybean seeds percentage for factors as a combine (axial and tangential), moisture content and adjustment
and the sliced interaction between adjustment x moisture content factors.

Factor Broken seeds (%)
Threshing mechanism
Axial 9.54 A
Tangential 7.71 A
Moisture T T T
16.6% 6.96 B
13.7% 103 A
“Adjustment T T T T o T T T oo T o T m T mm T m e
HT 1941 A
LT 1.92B
IT 4.55B

Adjustment Moisture 1 (16.6%) Moisture 2 (13.7%)
The highest effect of threshing 13.78 Ab 25.04 Aa
The lowest effect of threshing 1.73 Ba 2.11 Ba
Ideal threshing 5.37Ba 3.74 Ba

HT: The highest effect of threshing; LT: The lowest effect of threshing; IT: Ideal threshing

Averages followed by the same letter, uppercase in a column within each factor and lower-case letter in the row, do not
differ among themselves by Tukey test at 5% probability. The presented data were obtained from the original observations
followed by the letters obtained from the comparison of averages with the transformation in arcsine v (x + 0.5) / 100.

Table 6. The crushed soybean seeds percentage for factors as a combine (axial and tangential), moisture content in the area,
adjustment and the split between adjustment X moisture content factors.

Factors Crushed seeds (%)
Threshing mechanism
Axial 1.61 A
Tangential 0.95 A
“Moisture T T T oo oo TTm T T T mm e m e
16.6% 239 A
13.7% 0.17B
B
HT 246 A
LT 0.13B
IT 1.25 AB
______________ Interactions sliced between a_djas?tﬁeﬁtzm_d moisture content of seeds
“Adjustment T T T T T T TTTO Moisture 1 (16.6%) Moisture 2 (13.7%)
HT 4.72 Aa 0.21 AB
LT 0.15 Ca 0.12 Aa
IT 2.30 Ba 0.18 Ab

HT: The highest effect of threshing; LT: The lowest effect of threshing; IT: Ideal threshing

Averages followed by the same letter, uppercase in a column within each factor and lower-case letter in the row, do not
differ among themselves by Tukey test at 5% probability. The presented data were obtained from the original observations
followed by the letters obtained from the comparison of averages with the transformation in arcsine v (x + 0.5) / 100.

In the sliced interaction among factors, the content. For the adjustments of the highest effect of
averages for 16.6% moisture content differed among threshing and the ideal one, the averages differed
themselves, but the highest answer was observed in among themselves and the highest percentage of
the adjustment of the highest effect of threshing. crushed seeds was at 16.6% moisture content.
However, there was no difference at 13.7% moisture The method of harvesting influences on the
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occurrence of mechanical injury in seeds, which can
be caused by impacts, cuts, abrasions or pressure,
whose result is the loss of quality (MARCOS
FILHO, 2005). According to Carvalho and
Nakagawa (2012), the mechanical injury by crushing
increases from values of 16-18% moisture content.

At the time of impact, seed moisture content
plays the most important role of the factors that
determine the severity of the mechanical injury.
When the moisture content is too high, the impact is
distributed in a limited way, so almost all the impact
force is concentrated in a relatively small region that
is distributed around the point where it occurred.
When the moisture content is at intermediate levels,
the impact force is distributed evenly on the whole
seed and in a soft way to cause little adverse effect.
In practice, it can be stated that the mechanical injury
by smashing increases as moisture content is reduced
to values below 12-14% (CARVALHO;
NAKAGAWA, 2012).

Tables 5 and 6 were compared to observe that
for 13.7% moisture content, there was the highest
smashing and for 16.6% moisture content, there was
the higher crushing of soybean seeds. These answers
are in accordance with the authors already cited.
However, the adjustments influenced on these
factors, i.e., the adjustment with the lowest effect of
threshing had the lowest percentage of crushing for
both moisture contents, while the adjustment with

the highest effect of threshing showed the highest
percentage of crushed seeds in the same conditions
of moisture content.

According to the analysis of averages of seeds
viability (Table 07), it can be seen that the threshing
mechanism factor did not affect the combines.
However, moisture content and adjustment analyzes
registered that there was a significant difference at
16.6% moisture content. The adjustment of the
lowest effect of threshing showed the greatest
viability, followed by the ideal threshing and the
highest effect of threshing. Although, it was also
observed that the greater the cylinder rotation, there
was lower seed viability, when both moisture
contents were compared.

The adjustments with the highest cylinder
rotation, associated with the highest moisture content
showed the lowest viability. According to the
adjustment, it could be noted that, again, viability
showed the lowest answer, as there was an increase
in rotation. These results are similar to those found
by Costa et al. (2002), in which the use of higher
speeds of the cylinder, associated with other factors,
caused a reduction in viability. Costa et al. (2001)
reported in their trial that although, statistically, there
was no significant difference, the seeds harvested at
the lower rotational speed of cylinder showed a
higher value of viability.

Table 7. Viability evaluated by tetrazolium test for factors as combine, moisture content in the area and adjustment and the
sliced interaction among the regulating x moisture content factors.

Factors Viability (%)
Threshing mechanism
Axial 98 A
Tangential 98 A
“Moisture content ST oTTTToTmoTmmmm T mm T
16.6% 96 B
13.7% 99 A
N
HT 96 C
LT 99 A
IT 98 B
______________ Interactions sliced between zcl_djTls_trrTer_lt;m_d;m_)i;‘[u_re_C(_)n_te;lt_ofT seeds
“Adjustment T T T TTT Moisture 1 (16.6%) Moisture 2 (13.7%)
HT 93 Cb 98 Aa
LT 99 Aa 99 Aa
IT 97 Bb 99 Aa

HT: The highest effect of threshing; LT: The lowest effect of threshing; IT: Ideal threshing

Averages followed by the same letter, uppercase in a column within each factor and lower-case letter in the row, do not
differ among themselves by Tukey test at 5% probability. The presented data were obtained from the original observations
followed by the letters obtained from the comparison of averages with the transformation in arcsine v (x + 0.5) / 100.
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It can be observed from Table 8 that the
adjustment of the lowest effect of threshing showed
the greatest vigor, followed by the adjustment of
ideal threshing and the highest effect of threshing,
respectively. Thus, it can be concluded that as there
was an increase in cylinder rotation, the seeds
showed lower vigor. Seed moisture content also
caused some influence on vigor, so, it could be
registered that for 13.7% moisture content, the
adjustments of the lowest effect and ideal effect of
threshing, associated with the lowest cylinder

rotation, presented more vigor in relation to the
adjustment of the highest effect of threshing.

On the other hand, for 16.6% moisture
content, the influence occurred in the three
adjustments, making clear that the greater cylinder
rotation was, the smaller vigor percentage was.
Similar results were obtained by Costa et al. (1996)
and Pinheiro Neto and Gamero (2000), which
demonstrated that the low rotation and lower
moisture contents provide increased vigor of seed
that are measured by tetrazolium test.

Table 8. The vigor of soybean seeds evaluated by tetrazolium test for the following factors: combine (axial and tangential),
seed moisture content in the area and adjustment and the sliced interaction between adjustment x seed moisture content

factors.
Factors Vigor (%)
Threshing mechanism
Axial 91 A
Tangential 91 A
“Moisture content T T T T T T n T mnnn e
16.6% 89 B
13.7% 93 A
“Adjustment T T T T T T oo T T m e e
HT 86 C
LT 94 A
IT 92B

Adjustment Moisture 1 (16.6%) Moisture 2 (13.7%)
HT 82 Cb 91 Ba
LT 95 Aa 94 Aa
IT 91 Bb 94 Aba

HT: The highest effect of threshing; LT: The lowest effect of threshing; IT: Ideal threshing

Averages followed by the same letter, uppercase in a column within each factor and lower-case letter in the row, do not
differ among themselves by Tukey test at 5% probability. The presented data were obtained from the original observations
followed by the letters obtained from the comparison of averages with the transformation in arcsine v (x +0.5) / 100.

On Table 9, it can be observed that averages
of deterioration caused by moisture, for threshing
mechanism factor, showed the greatest answers in
the axial mechanism. Thus, for moisture content
factor, the highest average was for seeds harvested at
13.7% moisture content. For the adjustment, the
highest averages were in the adjustment of the lowest
effect of threshing and ideal one, differing from the
adjustment of the highest effect of threshing.

On the sliced interaction of factors as
adjustment and threshing mechanism, there is a
difference between averages of combine that have
only threshing system and axial flow, with further
deterioration by moisture in seeds harvested under
the adjustment of the lowest effect of threshing and
ideal threshing, which differ from the adjustment of
the highest effect of threshing, so, the adjustment
with less cylinder rotation showed the lowest average

of deterioration caused by moisture.

Among the adjustment averages, the values
were different only for the adjustment of ideal
threshing between combines and the axial showed
the highest average. This problem can be minimized,
according to Mesquita et al. (1999) and Costa et al.
(1996), with accurate adjustments of the threshing
system of machines as well as monitoring daily seed
moisture content, harvesting at mild temperature.

There is no difference in the percentages of
mechanical injury between threshing mechanisms
(Table 10). At 16.6% moisture content, it was
obtained the highest percentage of mechanical injury
on the adjustment of ideal threshing. For combine
adjustment, the injuries increased as cylinder rotation
increased, according to the sequence of the lowest
effect of threshing, ideal threshing and the highest
effect of threshing.
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Table 9. Percentages of deterioration by the moisture of soybean seeds evaluated by tetrazolium test for factors as a
threshing mechanism, seed moisture content in the area and adjustment and the sliced interaction between the adjustment
X moisture content factors.

Factors Deterioration by moisture (%)
Threshing mechanism
Axial 575 A
Tangential 3.85B
-I\7lo_ist_ur_e zo_nt_en_t ___________________________________________________
16.6% 3.62B
B STLA .
Adjustment
HT 3.50B
LT 475 A
T e m e SBA .
______________ Interactions sliced between adjustments and moisture content of seeds ____ _ _ _ _ _ _ _ _.
Adjustment Moisture 1 (16.6%) Moisture 2 (13.7%)
HT 2.87 Ba 4.12 Aa
LT 6.00 Aa 3.50 Aa
IT 8.37 Aa 3.12 Ab

HT: The highest effect of threshing; LT: The lowest effect of threshing; IT: Ideal threshing.

Averages followed by the same letter, uppercase in a column within each factor and lower-case letter in the row, do not
differ among themselves by Tukey test at 5% probability. The presented data were obtained from the original observations
followed by the letters obtained from the comparison of averages with the transformation in arcsine V (x + 0.5) / 100.

Table 10. Mechanical injury of soybean seeds evaluated by tetrazolium test for factors as combine, moisture content and
adjustment and the sliced interaction between the adjustment x seed moisture content factors.

Factors Mechanical injury (%)
Threshing mechanism
Axial 23.58A
Tangential 1521 A

“Moisture content T T T T T T o TIm T m
16.6% 22.79 A

B 1600B_ _ __ _______.
Adjustment
HT 30.75 A
LT 8.81C
IT 18.62B

o _______ Ineractions sliced between adjustments and moisture contentof seeds _ _ _ _________
Adjustment Moisture 1 (16.6%) Moisture 2 (13.7%)
HT 34.25 Aa 27.25 Ab
LT 9.87 Ca 7.75 Ca
IT 24.25 Ba 13.00 Bb

HT: The highest effect of threshing; LT: The lowest effect of threshing; IT: Ideal threshing

Averages followed by the same letter, uppercase in a column within each factor and lower-case letter in the row, do not
differ among themselves by Tukey test at 5% probability. The presented data were obtained from the original observations
followed by the letters obtained from the comparison of averages with the transformation in arcsine V (x + 0.5) / 100.
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In the sliced interaction among the averages,
there is a difference between moisture contents, with
the highest mechanical injury in the adjustment of
the highest effect of threshing. Among the
adjustments of the highest effect of threshing and the
ideal one, the values differ among themselves, with a
greater mechanical injury to seeds at 16.6% moisture
content.

There was not recorded significant difference
among the percentages of mechanical injury of seeds
harvested with a conventional and axial combine,
harvested  below 12%  moisture  content
(MARCONDES et al., 2005). Yet, when the
threshing mechanism factor was evaluated, it is ob-
served that Mesquita et al. (1999) obtained similar
results to this trial, since they did not find any
statistical differences of mechanical injury in four
combines. So, it can be assumed that, if combines are
well adjusted, they have no influence on the
mechanical injury in soybean seeds.

A high cylinder rotation associated with a
small concave opening, at harvest, increased me-
chanical injury, especially when seeds were
harvested below 12.5%  moisture  content
(PINHEIRO NETO; GAMERO, 2000). While in this
study, the association of higher seed moisture
content, which, in this case, is 16.6%, to the
adjustment of the higher speed of cylinder rotation,
caused a higher percentage of mechanical injury.
Silva et al. (2009) analyzed the direct harvest (when
there is no pile production or use of batter) of beans
with an automotive axial combine and concluded that
for the same mechanisms threshing of the machine,
the injury to grains was influenced by the speed of
combine operation in the area as well as by the seed
moisture content.

When used an axial combine, at 13% seed
moisture content and presented results of 76% vigor,
94% viability and 28.15% of mechanical injury in
soybean seeds, similar to the adjustment of the
highest effect of threshing with 82% vigor, 93%
viability and 34.25% of mechanical injury (LOPES
et al.,, 2011). When the adjustment of the lowest
effect of threshing was used with 13.7% seed
moisture content, there was a reduction of 71.6%.
Therefore, at 16.6% moisture content, such reduction
was 77.4% of mechanical injury when compared
with the adjustment of the highest effect of threshing.

In general, it can be stated that the used
models of combines did not affect germination,
broken seeds percentage, viability or mechanical
injury percentage of soybean seeds. The highest
purity was observed in seeds harvested by tangential
flow combine. On the other hand, the greatest injury
caused by moisture was observed in seeds harvested
by a tangential flow combine.

The seeds harvested with 13.7% moisture
content at harvest showed the highest germination,
germination speed index, purity, vigor, broken seeds
percentage and the least mechanical injury, crushed

seeds percentage and seed viability.

The adjustment with the lowest cylinder
rotation (450 rpm for axial and 500 rpm for
tangential) showed the highest percentage of germi-
nation, vigor, purity, germination speed index,
viability, the least mechanical injury and the least
broken and crushed seeds percentages.

When the seed moisture content at harvest is
around 13.7%, there is the highest percentage of
broken seeds, while at 16.6% seed moisture content,
there is greater crushing of soybeans, regardless of
combine adjustment.

CONCLUSIONS

Under the conditions that this trial was carried
out, it can be concluded that for the highest degree of
soybean seeds purity, it is recommended to use a
tangential flow combine.

At harvest, the lowest moisture content
(13.7%) provides a better quality of seeds, and this
was obtained at harvest in the afternoon.
On-combine adjustment, regardless of the model, it
is recommended to use low speeds of the cylinder
(450 to 500 rpm) when the moisture content is close
to 13.7%, to reduce seeds injuries. At higher
moisture contents (16.6%), the highest cylinder
rotations can provide a reduction on seeds breaking.
It is also recommended, according to the
possibilities, that the adjustment of cylinder rotation
should be based on seed moisture content at harvest,
since their injuries can be reduced when keeping
better quality than no adjustment.
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