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Effect of Harvest Time on Seed Quality of Silage Corn Inbreds and Hybrids
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ABSTRACT : In order to determine the optimum har-
vest time for the seed production of inbreds and hybrids in
silage corn, the ears of sib-pollinated ‘KS5’, ‘KS7rhm’, and
‘Ga209’ and cross-pollinated ‘KS5’ X ‘KS6’ (Suwonl9),
‘KS7 rhm’ x ‘KS117’ (Suwonok), and ‘Ga209’ x ‘DB544°
(Kwanganok) were harvested at the one-week intervals
from 4 to 10 weeks after silking. The optimum harvest time
for the seed production for ‘KS5°, ‘KS5’ x ‘KS6’, ‘KS7
rhm’, and ‘KS7rhm’ x ‘KS117° was 7 weeks after silking
considering both emergence rate and plumule growth in
cold test. Although earlier harvested seeds showed similar
germination rate as the seeds harvested at the optimum
time at 25°C, their emergence rate were lower in cold test.
Seed weight and o-amylase activity of earlier harvested
seeds were lower compared to those of seeds harvested at
the optimum time, while leakage of total sugars and electro-
Iytes were higher. However, the later harvested seeds
showed lower germination rates at 25°C and emergence
rates in cold test probably due to the lower a-amylase activ-
ity although they showed increased seed weight and
reduced leakage of total sugars and electrolytes. In contrast,
the emergence rate of ‘Ga209’ and ‘Ga209’ x ‘DB544’ in
cold test increased up to 10 weeks after silking probably
due to the increased seed weight and o-amylase activity and
reduced sugar and electrolyte leakages during the germina-
tion. The cross-pollinated F1 hybrid seeds showed higher
germination and emergence rates at 25°C and in cold test,
and higher plumule growth and o-amylase activity com-
pared to those of sib-pollinated inbreds.
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he determination of optimum harvest time is essential

for the production of high quality seeds. The physiologi-
cal maturity of corn seeds can be determined by 1) maximum
seed dry weight, 2) the development of black layer in the
base of seeds (Carter & Poneleit, 1973), 3) the number of
days after silking, 4) seed moisture content (Brooking, 1990),
5) respiration rate of seeds (Knitte & Burris, 1976), etc.
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Harvests of immature corn seeds have been resulted in
increasing seed damages and reducing viability and seedling
vigor (Reiss, 1944; Knitte & Burris, 1976; Styer et al., 1980)
as well as yield reduction (Brown, 1920). However, the
effects of too late harvest on the germination and seedling
vigor are not well documented. Knitte & Burris (1976)
reported that late harvested seeds reduced root growth
aithough germination rate and shoot growth were not
adversely affected (Styer et al., 1980).

In 2002, 81 M/T of hybrid com seeds were produced in
Korea and 264 M/T was imported to produce corn silage
(National Seed Management Office, 2002). The price of
imported seed was about 2-3 times higher compared to that
of domestic hybrid seeds although silage yield potential of
domestic and imported hybrid corn seeds was similar (Lee
& Lee, 1987; Lee & Choi, 1990). Many farmers in Gang-
won-do have had the experiences to produce hybrid com
seeds, but no research reports are effectively related to the
optimum harvest time for the seed production of inbreds and
hybrids under the Korean environmental conditions. There-
fore, the optimum harvest time for the seed production of
major silage com hybrids and inbred lines developed in
Korea was studied to stimulate the production of hybrid
corn seeds.

MATERIALS AND METHODS

Inbred lines of corn hybrids of Suwon19 (‘KS5’ x KS6°),
Suwonok (‘KS7rhm’ x ‘KS 117’), and Kwanganok
(‘Ga209’ x ‘DB544”) were planted in the same field on May
2, 2001 in Hongcheon, Gangwon-do. Four rows of female
lines and two rows of male lines were planted alternatively
at the 30 cm distance in 60 cm wide rows. All the tassels
were covered with paper bags and silks were covered with
plastic tubes before emergence. Seeds of female inbred lines
were sib-pollinated and F1 hybrid seeds were cross-polli-
nated by hand.

Ear samples were taken from 4 to 10 weeks after silking at
the one-week intervals and dried in a 35°C air-forced drier
for two days. The ears were hand-shelled and stored in a -
10°C freezer until they were used in various experiments.
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The seed dry weight was averaged after measurement of
the weight of randomly selected 100 dried seeds with three
replications.

Moisture content of seeds at different harvest times was
calculated as the following formula; Moisture content (%) =
[(fresh weight-dry weight)/dry weight] x 100. Dry weight
was measured after drying in an oven at the 105°C for 48
hours.

To measure the leakage of total sugars from the seeds, 20
seeds were soaked in 20 mL distilled water at 25°C for 24
hours. The leachate was filtered through a Whatman #42 fil-
ter paper. Then, 5 mL of the leachate was added slowly to
the 10 mL of Anthrone reagent (2 g of Anthrone reagent was
dissolved in 1,000 mL of 98% sulfuric acid) contained in a
20 mL test tube. The mixture was reacted in a boiling water
bath for 7.5 minutes, cooled down rapidly in ice water, and
left at room temperature for 15 minutes. Absorption of the
sample solution was measured at the 630 nm in a spectro-
photometer (UVIKON Spectrophotometer, Kontron, Italy)
and total sugars were calculated as glucose equivalent
{Yoshida et al., 1972).

To measure the leakage of electrolytes from the seeds, 25
seeds were soaked in 75 mL of triple distilled water at 20°C
for 24 hours and electrical conductivity (EC) of the soaking
solutton was measured using an EC meter (MC126 Conduc-
tivity Meter, Mettler Toledo, Switzerland) according to the
AOSA (1990).

For germination test 30 seeds were planted on six layers
of moistened paper towels in a 35x60x3 cm plastic box at
25°C for 7 days in the dark with three replications. To esti-
mate the field emergence of the seeds, cold test was con-
ducted in soil where corn was planted in the previous year
and adjusted soil moisture to 70%. Thirty seeds were
planted at the 2 cm depth and allowed to germinate at 10°C
for 7 days and followed by at 25°C for 4 days. Germination

and emergence rates were calculated according to AOSA
(1990).

The o-amylase activity of seeds was measured by the
method of Reiss (1994). Three seeds were soaked in water at
25°C for 7 days, dipped in liquid nitrogen, and ground in a
mortar with a pestle. The ground sample was mixed in 10
mM cold citric acid-sodium citrate buffer and centrifuged for
20 minutes at 20,000 g to remove the starch grains, cell
walls, mitochondria, and nuclei. One milliliter of the super-
natant and 2 mL of the soluble starch buffer (0.05% starch in
0.05 M citric acid-sodium citrate buffer solution) were mixed
for 20 minutes. Then, the o-amylase activity reaction was
stopped by adding 7 mL of | N HCl and mixed. One miilili-
ter of iodine solution (5 g KI and 0.35 g KIO; in | liter of 2
mM NaOH) was added to develop blue color. Absorbance of
the sample solution was measured at 595 nm in a spectropho-
tometer (UVIKON Spectrophotometer, Kontron, Italy).

RESULTS
Seed dry weight

Seed dry weight of sib- and cross-pollinated inbreds are
shown in Fig. 1. Generally 100-seed weight increased rap-
idly from 4 to 6 weeks after silking and leveled off or
increased further through 7 or 8 weeks after sitking depend-
ing on inbreds. The seed weight of sib-pollinated ‘KS5’ and
‘KS7rhm’” was higher than that of the cross-pollinated seeds,
while that of sib-pollinated ‘GaZ(9” was lower than cross-
pollinated seeds. Genetically, the seed weight of sib- or
cross-pollinated inbreds should be similar, thus the differ-
ences in seed weight between sib- and cross-pollinated
inbreds might come from some environmental effects such
as the number of seeds in an ear, soil fertility, soil moisture
contents, etc.
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Fig. 1. Changes in 100-seed weight of three self- and cross-pollinated corn inbreds.
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Seed moisture content

The changes in seed moisture content of sib- and cross-
pollinated inbreds during the ripening stages are shown
in Fig. 2. Four weeks after silking, the seed moisture con-
tent of all sib- and cross-pollinated inbreds ranged 53.7-
59.8% and decreased continuously through 10 weeks
after silking to get 20-30%. Seed moisture contents of
cross-pollinated inbreds decreased more rapidly com-
pared to that of sib-pollinated inbreds, especially in
‘KS7rhm’ x ‘KS 117" (Suwonok) and ‘Ga209’ x‘DB544°
(Kwanganok).

Among the inbreds the seed moisture content of sib-
and cross-pollinated 'Ga209' decreased more slowly com-
pared to two other inbreds. This slow decrease in seed
moisture content may be due to the delayed leaf senes-
cence of ‘Ga209’ and related to the continuous increase
in seed dry weight through 10 weeks after silking as
shown in Fig. 2.

Leakage of sugars from seeds in water

The leakage of total sugars from the seeds soaked in water
is shown in Fig. 3. Four weeks after silking, seeds of sib-pol-
linated inbreds leaked more total sugars compared to their
cross-pollinated seeds in all inbreds and the amounts of sug-
ars leaked from the seeds differed depending on inbreds.
The sugar leakage of sib- and cross-pollinated ‘KS5’ and
‘KS7rhm’ decreased rapidly through six weeks after silking
and then leveled off, while that of sib-pollinated ‘Ga209°
decreased more slowly with seed maturity.

Leakage of electrolytes

To determine the leakage of electrolytes from the seeds
soaked in water, the electrical conductivity (EC) of the seed
soaking solutions was measured (Fig. 4). Four weeks after
silking, the EC of the seed soaking solution of sib- and
cross-pollinated ‘KS7rhm’ was greater compared to that of
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Fig. 2. Changes in seed moisture contents of three sib- and cross- pollinated inbreds.
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two other inbreds. The EC decreased rapidly from 4 to 6
weeks after silking and then leveled off or decreased a little
in all inbreds. The EC of seed soaking solution of sib-polli-
nated seeds was higher or similar to the cross-pollinated
seeds in all inbreds.

Germination rates at 25°C

Germination rates of sib- and cross-pollinated seeds of
three inbreds at 25°C are shown in Fig. 5. Generally the ger-
mination rates of cross-pollinated hybrid seeds were higher
compared to those of the sib-pollinated inbreds at most har-
vest times although there were few exceptions. The germi-
nation rates of cross-pollinated ‘KS5° (Suwon19) were over
96.7% at all harvest times and they were higher than those
of sib-pollinated ‘KS5’ by 14.4-23.3%.

In contrast, the germination rates of cross-pollinated
‘KS7rhm’ (Suwonok) ranged 80-95%, while those of sib-

pollinated ‘KS7rhm’ were similar to the cross-pollinated
hybrid seeds from 4 to 7 weeks after silking, then they
decreased as seeds matured.

The germination rates of ‘Ga209’ differed from those of
“KS5’ and ‘KS7rhm’. The germination rate of both sib- and
cross-pollinated ‘Ga209’ increased up to 5-8 and 6-7 weeks
after silking, respectively, then they decreased with seed
maturity.

Emergence rates and plumule growth in cold test

Emergence rates: Emergence rates of seeds at the different
harvest times of three sib- and cross-pollinated inbreds con-
ducted in the cold test are shown in Fig. 6. Emergence rates of
all cross-pollinated hybrid seeds were much higher than those
of their own sib-pollinated maternal inbreds. Four weeks after
the silking, the emergence rates of both sib- and cross-polli-
nated ‘KS35’ and ‘KS7rhm’ were less than 70% and they
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Fig. 4. Changes in electrical conductivity (EC) of the seed soaking solutions of three sib- and cross-pollinated inbreds.
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Fig. 5. Changes in germination rates of three sib- and cross-pollinated inbreds at 25 °C.
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increased rapidly to 6 and 7 weeks after silking, respectively
and decreased with further maturity. In contrast, the emergence
rates of sib- and cross-pollinated ‘Ga209’ increased continu-
ously with maturity until 10 weeks after silking.

Plumule growth: The plumule growth of seeds at the
different harvest times of three sib- and cross-pollinated
inbreds conducted in the cold test is shown in Fig. 7. Four
weeks after silking, the plumule length was extremely
shorter compared to that of other harvest times in all sib-
and cross-pollinated seeds. However, plumule length was
similar from 5 to 10 weeks after silking. The plumule
length of all cross-pollinated seeds was much higher
compared to that of their own maternal sib-pollinated
inbreds.

o-amylase activity

The o-amylase activity of the seeds at the different harvest
times of three sib- and cross-pollinated inbreds is shown in

Fig. 8. The a-amylase activity of cross-pollinated seeds of
‘KS5” and ‘Ga209’ was much higher compared to that of
their own maternal inbreds, while ‘KS7rhm’ was similar.
The -amylase activity of all sib- and cross-pollinated inbreds
increased with maturity from 4 to 6 or 8 weeks after silking
depending on inbreds and then decreased.

DISCUSSIONS

The optimum harvest time for the seed production of
inbred and hybrid com should be determined considering
both field emergence rate and subsequent plant growth. In
this experiment the optimum harvest time for ‘KS5’, ‘KS5’
x ‘KS6’(Suwon19), ‘KS7rhm’, and ‘KS7rhm’ x ‘KS117° (S
uwonok) was 7 weeks after silking considering both emer-
gence rate and plumule growth in cold test. At the optimum
harvest time the moisture content of seeds ranged 30-35%
and it was similar to other reports (Curtis, 1980). Although
seeds harvested between 4 and 6 weeks after silking showed
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Fig. 6. Changes in emergence rates of three sib- and cross-pollinated inbreds in cold test.

Fig. 7. Changes in the plumule length of three sib- and cross-pollinated inbreds in cold test.
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Fig. 8. Changes in o-amylase activity of three sib-and cross-pollinated inbreds.

similar germination rates as those at optimum harvest time
(7 weeks after silking) at 25°C (Fig. 5), the emergence rates
of some sib- and cross-pollinated inbreds were significantly
low in cold test (Fig. 6). These immature seeds accumulated
less dry matter (Fig. 1) and leaked more total sugars (Fig. 3)
and electrolytes (Fig. 4), and showed a lower o-amylase
activity (Fig. 8). Therefore, the seedlings might not be
emerged after germination due to the lack of metabolic
energy available for the embryo growth or might be decayed
due to pathogenic microorganisms stimulated by leakage of
cytoplasmic materials such as sugars (Fig. 3) and other sub-
stances.

In contrast, lower germination rate at 25°C and lower
emergence rate in cold test of seeds harvested later than 8§
weeks after silking are complicate to understand. The seeds
harvested fully matured accumulated similar or more dry
matter than the seeds harvested 7 weeks after silking (Fig. 1)
and leaked less total sugars (Fig. 3) and electrolytes (Fig. 4).
However, the lower o-amylase activity might be one of the
reasons for the decreased germination and emergence rates.
Knittle & Burris (1976) showed that late harvested seeds
reduced root growth although germination rate at 25°C and
shoot growth were not affected.

However, sib-pollinated and cross-pollinated ‘Ga209’
{Kwanganok) showed different results from those of 'KS5'
and ‘KS7 rhm’. Emergence rates in cold test increased con-
tinuously up to 10 weeks after silking in both sib- and cross-
pollinated seeds (Fig. 6). The continuously increased 100-
seed weight (Fig. 1) and a-amylase activity (Fig. 8) would
support the increased emergence rates with maturity of
seeds. Also, the slowly decreased seed moisture content and
total sugar and electrolyte leakages may support the longer
ripening period of the inbreds because of a slower senes-

cence of leaves at the late maturing stage.
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