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Abstract: The low seed quality of white-seeded cultivars of Phaseolus vulgaris L. can cause
problems at field emergence. Bean seeds in Turkey are produced mainly in the hot dry summer season
in the Konya plain. Bean seeds were harvested by hand from different commercial fields and the seeds
were removed by hand or by mechanical threshing at different seed moisture contents (SMC) from
20% down to 11%. The lowest percentage of normal seedlings and significantly higher abnormal
seedlings, as well as a higher incidence of cracked seed coats were found for machine threshed seeds
at below 14% SMC. The field emergence at two sites showed evidence of reduced emergence in seeds
that had been machine threshed at 11% SMC. These findings showed that bean seeds should not be
harvested and threshed by machine at below 14% SMC if seed quality is to be maintained.
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Tohum Nemi ve Ayrim Yéntemlerinin Fasulye (Phaseolus vulgaris L.) Tohum
Kalitesi Uzerine Etkileri

Ozet: Beyaz tohum kabuguna sahip fasulye (Phaseolus vulgaris L.) ¢esitlerinde diisiik tohum kalitesi
tarla ¢ikisinda problemlere neden olabilmektedir. Tiirkiye’de fasulye tohumluk iiretiminin biiyiik bir
kismi, kuru ve sicak yaz sezonuna sahip olan Konya diizliiklerinde iiretilmektedir. Fasulye tohumlari,
farkli ticari tohumluk iiretim tarlalarindan elle hasat edilen bitkilerden, %11 ile %20 arasinda degisen
tohum nem iceriklerinde elle veya mekanik olarak ayrilmislardir. %14 tohum neminin altinda
makineli ayrimlarda, normal ¢im oraninda azalma, anormal ¢im oranimminda 6nemli 6l¢iide artisin
yamisira kirik tohum kabugunun gériilme sikhigimin arttigr belirlenmistir. Tki farkli lokasyonda yapilan
tarla cikis testi, %11 tohum neminde makine ile ayrilan tohumlarda ¢ikistaki azalmanin bir kaniti
olmustur. Bu bulgular, fasulyede tohum kalitesinin korunumu isteniyorsa, %14’iin altindaki tohum
neminde makineli hasat ve ayrimin yapilmamasi gerektigini gostermektedir.

Anahtar kelimeler: Phaseolus vulgaris L., tohum nemi, ayrim yontemleri, tohum kalitesi

Introduction

The quality of bean seeds depends on the growth of field crops maximum seed
many pre and post-harvest factors, such as quality is gained at physiological maturity
area of production, cultivation techniques, (PM) at the end of seed filling (Egli, 1998),
seed maturity, harvest, threshing, processing and the seeds are harvested at harvest
and storage conditions. Greven et al. (2004) maturity (HM) when seeds dried to desired
reported that timing of harvest is an seed moisture content (SMC) that allows
important factor since both seed immaturity harvesting without considerable damage
and weathering reduce seed quality. During (Muasya et al., 2006). When bean seeds
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harvested between PM and HM, they
showed the highest seed vigour and
storability (Herat, 1992). After harvesting
but not threshing of bean seeds before
maximum seed weight had been reached
leaving seeds in the pod had a significant
influence on final seed size and viability
(Greven et al., 2004). In pea, faba bean and
soybean substantial decline in viability and
increasing rate of seedling abnormalities
were observed when harvest was delayed
beyond the optimal SMC for harvest (Ellis et
al., 1987). Sowing date and harvest method
are important to maintain seed quality in
soybean (Adam et al., 1989). Delaying pea
harvest could also cause the seed to become
too dry and therefore be more easily
damaged (Padrit et al., 1996).

Seed processing is a fundamental
component in any planned seed production
programme, which aims at improving the
seed characteristics (Araujo et al., 2008).
Mechanical damage of bean seeds is of great
importance for seed producers, farmers and
food processors (Bay et al., 1995) and is
considered the most common reason for
poor seed quality in large seeded legumes
and this occurs when seeds are threshed at
unsuitable SMC and at high drum speed
(Greven et al., 2001). Mechanical damage is
a seed quality factor that may affect the
worth of soybean seed lots (Luedders and
Burris, 1979). The best seed germination,
vigour and purity of bean seeds and also
lowest seed damage were obtained with
14.1% SMC and a threshing -cylinder
velocity of 420 rpm (Souza et al., 2002).

Although, several studies had been done
for improving the harvesting and handling of
bean seeds (Hoki and Picket, 1973; Pickett,
1973) and soybean seeds (Shreekant et al.,
2002) to reduce seed damage and maintain
seed quality; seed size, colour and thickness
of seed coat are changed in bean varieties.
Especially white-seeded beans are more
sensitive to processing than dark coloured-
seeded beans. Also production area of bean
seed is very important for seed quality. Dark
coloured bean seeds developed and matured
under cooler conditions produced higher
seed yields and had larger size, better colour
and higher vigour and toleration to field
weathering changed according to variety
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(Herat, 1992). For this reason, harvest,
drying period after harvest and threshing
methods are important factors to obtain
desired yield and quality in bean seed
production and these factors should be
optimized for different varieties and
production areas.

The objective of this study was to
investigate the effect of SMC and threshing
methods (TM) on seed quality of white-
seeded bean cultivar (Phaseolus vulgaris L.)
which is mainly produced in the hot dry
summer season in the Konya plain of
Turkey.

Materials and Methods
Seed lots

In 2007, twelve different seed lots of
bean cultivar “Gina” were collected

according to SMC and TM from different
commercial fields in the Konya plain of
Turkey. Plants were harvested by hand
between 25 and 30% SMC (data not shown)
and the plants were left in windrows for
drying. Seed samples were taken during
mechanical (cylinder velocity of 450 rpm)
threshing (MT) and hand threshing (HT) and
put into sealed hermetic glass jars. SMC was
determined at these samples according to
ISTA (2007) rules. All seed lots were kept in
a refrigerator in hermetic glass jars during
the experiment.

Seed treatment

The seeds were surface sterilized with
1% (v/v) NaOCI for 10 min before standard
germination (SG) and accelerated ageing
tests (AA) with 1% (v/v) NaOCI for 10 min
(ISTA, 2007). After sterilization, seeds were
washed twice in tap water and rinsed with
distilled water and dried to original seed
weight in under laboratory conditions.

Standard germination (SG)

Germination tests were carried out using
4x50 seeds for each seed lot sown in peat in
plastic boxes. Then boxes were kept in a
growth chamber running at 25°C for nine
days (ISTA, 2007). At the end of
germination tests the numbers of normal and
abnormal seedlings were evaluated. Also
mean germination time (MGT) was
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calculated using daily germination data
(Pedersen et al., 1993).

Field emergence test (FE)

The field emergence tests of the seed lots
were assessed for 4 x 50 seeds which were
hand sown in two different regions. Seeds
were sown on 5" of May 2008 in Izmir, 7"
of May 2008 in Bursa. The lots were
distributed completely at random within
each experimental block. Emerged seedlings
on the 18" day after sowing were evaluated
as a percentage.

Seed vigour

To determine the effects of SMC during
threshing and TM on seed vigour; electrical
conductivity (EC) and accelerated ageing
(AA) tests, which are recommended by
International Seed Testing Association
(ISTA), were used. Before the vigour tests
SMC of all seed lots were adjusted 12%
(£0.5%) as a weight basis (Sivritepe, 1992).

An EC test was conducted using three
replicates of 50 seeds in all seed lots.
Samples were prepared as described by
ISTA (1995) for pea seeds. After 24 h (15
min), the conductivity measurements of each
flasks was measured using a conductivity
meter (WTW, LF 538, Germany).

For AA from each seed lot 2x100 seeds
were used. Seeds were placed in a single
layer on wire inert chamber which contains
40 ml distilled water. These chambers were
kept at a constant 41°C (+0.3°C) water
jacketed incubator for 72 h (ISTA, 1995). If
the SMC was between 30 and 32% (as
weight basis) after AA test, germination test
was carried out the same protocol as for
standard germination test.

Physical quality of seed lots

Physical quality parameters of seed coat,
percentage of yellowish seed coat (YSC),
greenish seed coat (GSC), cracked seed coat
(CSC) and total percentage of YSC, GSC
and CSC were determined in seed lots with
the help of magnifying lens.

Statistical analysis
All data were statistically analyzed using
ANOVA in SPPS version 13.0 for windows.
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Duncan’s test was used to compare means at
the 0.05 significance level.

Results and Discussion

Standard germination

Normal seedling percentage of the seed
lots ranged from 89,5% to 99%, while
abnormal seedling percentage ranged from
0,5% to 10,5% (Table 1). Generally, in seed
lots, while normal seedling percentage
decreased, MGT of seed lots increased with
decreasing SMC during threshing regardless
of threshing methods. Threshing the seeds
when SMC between 17 and 20% increased
germination but threshing seed more than or
equal to 30% SMC reduced germination and
vigour (Greven et al., 2001). TM and SMC
during threshing were statistically affected
normal and abnormal seedling percentage
(Table 2). HT and above 14% SMC seed lots
increased normal seedling percentage and
decreased abnormal seedling percentage
compared to MT and below 14% SMC seed
lots. Ellis et al. (1987) reported substantial
decline in viability and increase in seedling
abnormalities when harvest was delayed
beyond the optimal moisture content for
harvest in pea, faba bean and soybean.

Field emergence

FE test results of seed lots were changed
due to locations where the tests were
conducted (Table 1). FE emergence of seed
lots varied from %80 to %92 in Izmir and
from %79 to %93 in Bursa. In Izmir
location, the highest FE was determined as
92% from K-6 (HT and 11% SMC) and the
lowest FE was determined as 80% from K-
12 (MT and 11% SMC), in Bursa location
the highest FE was determined as 93% from
K-3 (HT and 16% SMC) and the lowest FE
was determined as 79% from K-11 (MT and
11% SMC). TM and SMC during threshing
did not statistically affected FE of seed lots
in Izmir. (Table 2). Like as normal seedling
percentage HT and above 14% SMC seed
lots gave better FE emergence than MT and
below 14% SMC seeds lots in Bursa
location. It could be concluded that
according to FE results in Izmir and Bursa if
SMC content is below 12% seeds must be
threshed by hand not by machine.
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Seed vigour

EC values of seed lots were between 20,9
uS/cm/g and 25,3 puS/cm/g (Table 1). The
highest EC values were measured in both
threshing methods as 25,3 uS/cm/g and 24,7
uS/cm/g (HT seed lot K-5 and MT seed lot
K-12, respectively). Highest EC values of
HT seed lots K-5, K-4 and K-6 could be
explained highest GSC of these lots (7,1%,
6,9% and 6,3% respectively). This could be
explained that these lots harvested early and
immature stage. When bean seeds harvested
early and immature, small, of low vigour
and had a high EC value per gram seed
(Siddique and Goodwin, 1985). In both
threshing methods, EC values of seed lots
increased with decreasing SMC. The lowest
EC values were determined in both
threshing methods from highest SMC seed
lots (HT seed lot K-1, 20,9 uS/cm/g and MT
seed lot K-7, 21,0 uS/cm/g, respectively).
Prusinski and Borowska (1993) stated that
increasing SMC of pulse crop seeds up to
20%, increased resistance of seeds against
mechanical  effects and  percentage
germination and decreased EC values.

When we look at the normal and
abnormal seedlings percentage of seed lots

after AA test, both of the HT and MT seed
lots were divided into two different groups
according to their SMC (Table 1). K-1, K-2
and K-3 seed lots were collected in the first
group, their SMC were changed from 20%
to 16% and K-4, K-5 and K-6 were collected
in the second group with their SMC ranging
from 15% to 11% in HT seed lots. Also the
same differentiation occurred in MT seed
lots. Although normal seedling percentage
of HT seed lots after AA test was increased
with decreasing SMC, normal seedling
percentage of MT seed lots after AA test
was decreased with decreasing SMC. This
result could be explained by the importance
of maximum seed weight that when
maximum seed weight is reached, leaving
the seeds in the pod has a significant
influence on final seed size and viability
(Greven et al., 2004).

Neither TM nor SMC during threshing
affected EC and AA test results statistically
(Table 2). Although there was no significant
effect of TM and SMC on seed vigour, EC
values of seed lots below 14% SMC was
higher than seed lots above 14% SMC.

Table 1. Standard germination, field emergence and vigour parameters of 12 bean seed lots

Standard germination test AA
Normal Abnormal FE FE Normal Abnormal
SMC seedlings seedlings MGT Izmir Bursa seedlings seedlings EC
Lots ™ (%) (%) (%) (day) (%) (%) (%) (%) (uS/em/g)
K-1 HT 20 98,5a 1,5 d-f 44ac 89ab 92ab 67,0de 32,0ab 20,9 f
K2 HT 17 96,5 ab 35cf 43b-d 87ab 88ad 69,0c-e 305ab 22,6 de
K-3 HT 16 98,5 a 1,0 ef 4,2d 88ab 93a 625¢ 375a 233 cd
K-4 HT 15 96,0 ab 4,0 b-e 44ac 90ab 85ad 910a 85¢e 25,2 ab
K-5 HT 14 98,0 a 2,0 d-f 45ab 88ab 9lac 875a 12,5 de 253a
K-6 HT 11 98,0 a 2,0 d-f 45ab  92a 88a-d 820ac 18,0b-¢ 23,8 b-d
K-7 MT 16 99,0 a 0,5f 43b-d 85ab 8lbc 72,0b-e 270ac 21,0f
K-8 MT 15 95,5 ab 4,5b-d 44ac 89ab 88ad 715b-e 280a-c 21,4 ef
K-9 MT 15 96,5 ab 3,0 d-f 4,2d 85ab 9lac 725b-e 270ac 21,1 f
K-10 MT 12 89,5d 10,5a 4,6 a 86ab 82b-d 740b-e 24,5ad 235cd
K-11 MT 11 93,5 be 6,5 bc 45ab 84ab 79d 84,0ab  155c-e 229d
K-12 MT 11 92,0 cd 70b 45ab  80b 83ad 785ad 195b-e 24,7 a-c
Mean 96,0 3,8 4,4 86,95 86,93 76,0 234 23,0
p<0,05

* ns: non significant, TM: threshing method, HT:

mean germination time.

Physical quality of seed lots

MT increased YSC and CSC percentage
when compared with HT (Table 3). The seed
lot K-12 had lowest SMC in MT seed lots
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hand threshing, MT: machine threshing, MGT:

and gave highest CSC percentage as 4%.
While CSC and YSC percentages were
higher in MT seed lots than HT seed lots,
GSC percentage were higher in HT seed lots
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Table 2. Effects of seed moisture content during threshing and threshing methods on
germination, vigour and field emergence.

Standard germination Accelerated ageing
Normal Abnormal Normal Abnormal FE FE
EC seedlings seedlings MGT Seedlings Seedlings Izmir Bursa
(uS/em/g) (%) (%) (Day) (%) (%) (%) (%)
™ HT 23,5 97,6 23 4.4 76,5 232 89,0 89,6
MT 224 94,3 5,3 4,4 754 23,6 84,9 83,8
Mean 23,0 96,0 3,8 44 76,0 234 86,9 86,7
p<0,05 ns* ns ns ns
SMC >14% 22,6 97,3 2,5 4,3 74,1 254 87,6 88,0
(%) <14% 238 93,3 6,5 4,5 79,6 19,4 85,6 83,1
Mean 23,2 95,3 4,5 4,4 76,9 22,4 86,6 85,6
p<0,05 ns ns ns ns

* ns: non significant, SMC: seed moisture content, TM: threshing method, HT: hand threshing, MT:
machine threshing, and MGT: mean germination time.

Table 3. Yellow, green and cracked seed coat percentage of 12 seed lots after threshing

Total
YSC, CSC
YSC csc GSC and GSC
Lots TM* SMC (%) (%) (%) (%) (%)
K-1 HT 20 1,8 c-e 0,8d 34c 6,1 ab
K-2 HT 17 1,8 c-e 1,0 cd 2,0¢ 47b
K-3 HT 16 1,0 d-f 0,8d 2,0¢ 3.8b
K-4 HT 15 0,4 ef 0,0d 6,9a 7,3 ab
K-5 HT 14 0,0f 0,3d 7.1a 7.4 ab
K-6 HT 11 2,9 a-c 0,9 cd 6,3 ab 102 a
K-7 MT 16 1,7 c-e 22b 28¢ 6,7 ab
K-8 MT 15 3,3ab 2,0b 28¢ 8,1 ab
K-9 MT 15 43a 2,5b 24¢ 9,2 ab
K-10 MT 12 2,2b-d 1,9 be 32¢ 7,2 ab
K-11 MT 11 2,2b-d 2,1b 3,6 be 7,9 ab
K-12 MT 11 1,5c-e 4,0a 21c¢ 7,7 ab
Mean
p<0.05 1,9 1,5 3,7 72

* TM: threshing method, HT: hand threshing, MT: machine threshing, YSC: yellow seed coat, CSC:
cracked seed coat and GSC: green seed coat.

Table 4. Effects of seed moisture content during threshing and threshing method on yellow,
green and cracked seed coat percentage.

Total
YSC, CSC
YSC CSC GSC and GSC
(%) (%) (%) (%)
HT
™ 1,3 0,6 4,6 6,6
MT 2,5 2,4 2,8 7.8
Mean 1,9 1,5 3,7 7,2
p<0,05 ns
14%
SMC (%) >14% 1,8 1,2 3,7 6,7
<14 % 2,2 2,2 3,8 8.3
Mean 2,0 1,7 3,7 7,5
p<0,05 ns* ns ns

* ns: non significant, SMC: seed moisture content, TM: threshing method, HT: hand threshing, MT:
machine threshing, YSC: yellow seed coat, CSC: cracked seed coat and GSC: green seed coat.
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than MT seed lots. It might be explained by
the fact that during MT, the threshing
machine did not threshed green pods and
throw them out of machine. Off-coloured
seeds in white-seeded crops not only affect
general appearance of seed lots, but also
may be indicative of decreased seed quality.
Seeds in the coloured fractions (brown, tan
and green) were of poorer quality in
comparison with white seeds (Lee et al.,
1998). Black, brown and gray seeds had
poor quality and must be discarded in mung
bean seed lots (Araujo et al., 2008).

Although TM significantly affected all
physical quality determinations of seed lots,
SMC during threshing only affected CSC
percentage as statistically (Table 4). MT
threshing increased CSC percentage by four
times compared with HT (2,4% and 0,6%,
respectively), and also SMC below 14%
almost doubled CSC percentage compared
with SMC above 14% (2.2% and 1,2%,
respectively). Bay et al. (1995) stated that
the amount of splitting damage in navy
beans increased at SMC below 11% and also
Parde et al. (2002) reported that the seed lots
at 12% SMC (dry basis), suffered less
mechanical damage than the lots at 10% or
11% SMC in soybean during processing.
Percentage of broken seed coats and
abnormal  seedlings were negatively
correlated with germination and emergence
and positively correlated with each other in
soybeans (Luedders and Burris, 1979). Their
results confirm that MT seed lots K-10, K-
11 and K-12 which had SMC below or equal
to 12%, gave lower normal seedling
percentage and field emergence values in all
seed lots (Table 1).

Conclusion

In order to decrease mechanical damage
during threshing and maintain seed quality
along with processing and storage in white-
seeded bean following factors should be
considered during threshing.

¢ Seed moisture content is an important

factor to determine threshing of seeds
by hand or by machine. Below 14%
SMC, mechanical threshing should
not be used for bean seeds to maintain
seed quality and less damage.
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e Farly and late harvests not only

decrease physical quality of seed lots
but also decrease seed quality.
Harvesting immature seeds increases
green and yellow seed coat ratio in
seed lots, while late harvest and
machine threshing increase cracked
seed coat ratio in seed lots.

Hand harvesting and threshing should
be used for mechanical damage
sensitive white-seeded bean varieties.
If this is not possible, seed moisture
content, feeding rate and cylinder
velocity of threshing machine must be
determined for each variety.
Additionally harvest maturity and
drying time at windrow should be
determined for each seed production
area.
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