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Abstract - This paper describes the potential use of deep sea water to stimulate seed germination in both common and
Tartary buckwheat. Treatment of 10% deep sea water at 25°C would slightly enhance germination of buckwheat seeds
compared to non-DSW treatment and other temperature. In this study, the significant effects of photoperiod and temperature
on seedling growth were also found in the HL treatment for the number of leaf, plant height, and plant fresh weight and LL
treatment for root length and leaf size. Common buckwheat (Suwon No.1) showed higher rate (93%) of flowering plants in
the HS and LL (93% of flowering rates) than those revealed in the HS and LS treatment, while the low percentage(67%) of
plant flowering plants was shown in the LS treatment. All plants (100%) of a Korean landrace, Ahndong-jaerae showed
flowers in the HS and LS treatment. HL and LL treatment status did not occur in the plant's flowering. Any Tartary
buckwheat (KW45) plant did not yet flowered when it was 21 days-old.
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Introduction

Buckwheat is an important crop in agricultural production
worth reviewing. The crop can be cultivated after harvesting
main crops and cultured in cool, dry and unfertile lands
(Supot et al., 2001). It is useful in double cropping system as
a cash crop where growing season is short and also useful as
emergency crops (Choi et al., 2001). Buckwheat is an
unusually fast-growing crop with a variety of uses; it is one of
the quickest growing green manures crops, taking only 4-5
weeks from seedling to flowering. It has been also used
widely as a cover crop to smother weeds, protect the soil from
erosion, attract beneficial insects, and improve to build the
soil organic matter. It can also increase phosphorus and
micronutrient ability in the root zone for the following cash
crop in a rotation and it is most useful for reduced-chemical or
nonchemical weed suppression (Hector and Jody, 2002).

Buckwheat grows on a wide variety of soil types, including
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infertile and acidic soil (pH 4-6). It does not appear in
compacted, dry and excessively moist soils.

Buckwheat seeds can germinate and emerge rapidly when
they are sown in warm soil, typically in 3 to 5 days after
sowing (Myers, 2002). Based on the application of deep sea
water to agricultural practices, it is meaningful to important
deep sea water effects to germinate buckwheat seeds.

Buckwheat grows well at high altitudes with high sunlight
intensity. Variation in growth and seed yield was found under
the large difference between day and night temperatures.
Buckwheat species have three types of reactions to light,
which were describe as sensitive, non sensitive and intermediate.
The length of daylight period affected flower formation.
Short day-length (less than 14 hours a day) promotes
reproduction and 10-12 hours of light per day was optimum.
Long day-length promote vegetative growth. More than 16
hours of light per day delayed the formation of flower buds
but flower bud can still be formed under 24 hours of light per
day. The rate of fertilization significantly decreased when

temperature was higher than 30°C and lower than 20 C. Days
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from seeding to bud formation was reduced as temperature
increased. Under a 12 hours day-length, temperature effects
in minimum but under a longer day-length than 12 hours or
shorter than 8 hours, temperature effects largely (Wang and
Campbell, 2004). Buckwheat is suitable for the growing of
12~15 hours photoperiod. After buckwheat plants emerged,
grow well by optimum photoperiod and temperature.

This paper was conducted to elucidate the effect of deep
sea water on germination and also to clarify the effects of
photoperiod and temperature on growth and flowering in the

experiments of both common buckwheat and Tartary buckwheat.

Materials and Methods

Effect of deep sea water and temperature on seed germination

Buckwheat cultivars used in this experiment were common
buckwheat (Suwon No.1) and Tartary buckwheat (KW45).
Three treatments with four replications were designed for this
experiment. Buckwheat seeds were washed with distilled
water 2 to 3 times, and then washed

in deep sea water (DSW) about 1 to 2 times with the
concentrations of 5% and 10%, and 0%(control) separately
before seeding. Fifty seeds were placed on a filter paper (No.2
size 99mm) in a moisturized plastic petri-dish. All petri-
dishes were transferred to a growth chamber under the dark
condition and maintained at 20+2C, 25+2°C and 30+2C for
7 days. Germination characteristics were investigated according
to the International Rules for Seed Testing Association for the
Fagopyrum species (ISTA, 1993 and 2006). Deep sea water
with concentrations 5% and 10% was supplied and water was
supplied for the control. The number of seeds germinated per
day (GD), seed germination vigor rate (GV) in the first of four
days after seeding and total of seed germination rates (GR)
seven days after seeding were investigated and then calculated

on average.

Effects of photoperiod and temperature on seedling growth

Three buckwheat cultivars, common buckwheat (Suwon
No.1 and a landrace, Ahndong-jaerae) and Tartary buckwheat
(KW45) were used for this experiment. The experiment was
designed into three replications of four treatments. Buckwheat

seeds were soaked with tap-water for 24 hours to clean and

remove the immature seed and dust. Seeds were sterilized
with 6% of Sodium Hypochlorite solutions for 10 minutes
and rinsed three times into distilled water before seeding.
Five seeds were collected from each cultivar and sown into
the plastic pots sized 15%12 cm containing commercial bed
soil. The pots were kept in the laboratory conditions for seed
germination and seedling emergence. After seedlings emerged,
different temperature and photoperiod were treated; high
temperature and long day-length ‘HL’ (28+2°C/14h) in day
times, high temperature and short day-length ‘HS’> (28+2C
/8h) in day times, low temperature and long day-length ‘LL’
(20+1°C/14h) in day times and low temperature and short
day-length ‘LS’ (20+1°C/8h) in day times, respectively. The
day-length was controlled by using a paper box to cover after
8 hours in the day time, for a long day-length was according
to the naturally of day-length about 14 hours in day times
during June 12"to] uly 3",2008. Temperature was controlled
by using air conditioner for low temperature treatment at
20+1°C and by maintaining room temperature (28+2C) for
high temperature treatment during the daytime from June 12"
to July 3", 2008. Water was supplied by use of spray kettle
when soil surface become dry. Data were collected 21days
after seeding. Four plant samples were randomly selected
from each treatment and investigated for the number of leaf
per plant, leaf sizes (cm®), plant height (cm) and plant fresh
weight (g), and the number of plant flowering in the each

treatment.

Results and Discussion

Effect of deep sea water and temperature on seed germination

The effect of deep sea water and temperature on seed
germination was evaluated in Buckwheat (Suwon No.1) and
Tartary buckwheat (KW45). From the results, the number of
seeds germinated per day (GD), seed germination vigor rate
(GV) and total of seed germination rate (GR) of common
buckwheat were higher in the 10% deep sea water treatment
than those in the control and in the 5% deep sea water
treatment whereas Tartary buckwheat was found that the
number of seeds germinated per day (GD), seed germination
vigor rate (GV) and total of seed germination rate (GR) were

higher in the 10% deep sea water treatment at 25°C than the
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control. Seed germination (GD, GV and GR) at 20°C and 3
0°C were higher in the 5% deep sea water treatment than that
in the control (Table 1). Enhancing seed germination and
developing vigorous seedlings are crucial for this purpose.
The previous study reported that priming seeds in deep sea
water improved germination rate compared to plain water,
KNO:s, and without priming treatment (Surendra et al., 2006).
The effects of germination on the chemical or biochemical
constituents of seeds varied highly according to plant species,
seed varieties or cultivars and the germination conditions
(Hahm et al., 2009). Deep sea water at 30°C decreased seed
germination but treatment of deep sea water at 25°C would
slightly enhance germination of buckwheat seeds compared
to non-DSW treatment and other temperature. No significance
was statistically found between 20°C and 25°C even in

different concentration of deep sea water.

Photoperiod and temperature on seedling growth

The effect of photoperiod and temperature on growing of
buckwheat species was presented in Fig. 1 and Table 2. The
effect of different photoperiod and temperature on seedling
growth of Suwon No.1 cultivar was significantly different;
the numbers of leaf per plant, plant height and plant fresh
weight were higher in the treatments of high temperature and
long day-length (HL) than those in the high temperature and
short day-length (HS), low temperature and long day-length
(LL), and low temperature and short day-length (LS), while
root length and leaf size were revealed to be longer in the LL
treatments than those in the HS and LS treatments. For
Ahndong-jaerae cultivar, the effect of photoperiod and
temperature treatments on seedling growth was significantly
different; the number of leaf per plant, root length, plant
height, leaf size and plant fresh weight were higher in the HL

Table 1. Effects of temperature and deep sea water on seed germination of buckwheat species

Seed germination

Cultivars Tem ?Er?-ture No. of seeds Concentrzt?/oo)n of DSW oD p= GR
(seed/day) (%) (%)

50 0 527a 72.50 a 74.00 a

20 50 515a 71.50 a 72.50 a

50 10 575a 78.00 a 80.50 a

50 0 522a 73.00 a 73.00 a

Suwon No. 1 25 50 5.65a 78.00 a 79.00 a

50 10 582a 81.00 a 81.50 a

50 320b 4450 b 4450b

30 50 4.27 ab 59.00 ab 60.00 ab

50 10 445a 62.00 a 62.50 a

50 6.67 a 90.50 a 93.50 a

20 50 6.85a 92.50 a 96.00 a

50 10 6.75 a 91.00 a 94.50 a

50 0 6.17 a 75.50 a 86.50 a

KW4s 25 50 6.17 a 72.00 a 86.50 a

50 10 6.85a 84.00 a 95.50 a

50 0 635a 89.00 a 89.00 a

30 50 6.67 a 92.00 a 93.00 a

50 10 6.57 a 88.50 a 92.00 a

Means separation within ranks by Duncan’s multiple range tests at 5% level of significance and the mean followed by same letter are

non-significantly at 5% level of significance.

Means of number seed germination per day (GD); mean of number seed germination vigor rate in the first 4 days (GV) and mean of
total seed germination rate in the end of experiment ‘7 days’ (GR).
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(LL)

(LS)

Fig. 1. The effect of photoperiod and temperature on seedling growth of common buckwheat (Suwon No.1). High temperature and
long day-length (HL); high temperature and short day-length (HS); low temperature and long day-length (LL); and low temperature

and short day-length (LS).

treatment than those in the HS, LL and LS treatments,
respectively. In the previous study conducted by Hiroyasu et
al. (2001) common buckwheat varieties showed the higher
final stem length of the main stem and lateral branches under
high temperature compared to those under low temperature.
Whereas a Tartary buckwheat cultivar, KW45 showed
significantly higher fresh weight, number of leaf per plant,
and root length in the HL treatment. Plant height, leaf size,
and fresh weight were shown to be greater in the LL treatment
rather than those in the HS and LS treatment (Table 2).
According to these results, it was indicated that HL and LL
treatments affected more on plant growth and fresh weight
than HS and LS treatment did. Choi ez al. (2001) reported that
for successful buckwheat seed sets, buckwheat should be
grown under intermediate day length of 12 to 15 hours. Lee et
al. (2001) also reported that the leaf length and width were
higher under the natural light while they were intermediate

under red-light and lowest under blue-light, respectively.

Effect of photoperiod and temperature on flowering 21
days after seeding

The effects of photoperiod and temperature on flowering
of buckwheat plants are presented in Fig. 2 and Table 3. The
plants initiated to bloom 21 days after seeds were sawn.
Common buckwheat (Suwon No.l) showed higher rate
(93%) of flowering plants in the HS and LL (93% of
flowering rates) than those revealed in the HS and LS
treatment, while the low percentage (67%) of plant flowering
plants was shown in the LS treatment. All plants (100%) of a
Korean landrace, Ahndong-jaerae showed flowers in the HS
and LS treatment. There was no plant flowering in the HL and
LL treatment. Any Tartary buckwheat (KW45) plant did not
yet flowered when it was 21 days-old. From these results, HS
and LS treatment influenced so positively on plant flowering
as to flower earlier than in HL and LL treatment. common
buckwheat is very sensitive to photoperiod and temperature

than Tartary buckwheat does. This results are similar to the
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Table 2. Photoperiod and temperature on seedling growth of common buckwheat (Suwon No.1 and Ahndong-jaerae) and Tartary
buckwheat (KW45)

Seedling characteristics Photoperiod& Cultivar
temperatures Suwon No.1 Ahndong Jaerae KW45
HL 5.66a 6.33a 5.00a
No. of leaves/plant HS 3.66 ¢ 5.66 ab 433 b
LL 5.00 ab 5.00 be 5.00 a
LS 433D 4.66 ¢ 4.00b
HL 383a 6.16 a 3.66a
Root length HS 3.50a 3.00b 350a
(cm) LL 533a 536a 333a
LS 4.66 a 233b 283 a
HL 34.00 a 34.67a 19.17b
Plant height HS 21.67b 22.00 b 15.00 b
(cm) LL 32.67a 3450 a 2450 a
LS 19.17b 19.50 b 16.00 b
HL 45%x48a 49x49a 2.1x22b
Leaf sizes HS 21%23b 24%22b 15%1.6¢
(length x width)
(cm) LL 49x49a 56x52a 30x35a
LS 2.6x23b 2.5x22b 1.8 x 1.6 be
HL 330a 2.96 a 0.53b
Fresh weight/plant HS 0.80¢ 0.83b 033b
(® LL 2.56b 290a 123a
LS 073 ¢ 0.86b 0.36b

Means separation within ranks by Duncan’s multiple range tests at 5% level of significance and the mean followed by same letter are
non-significantly at 5% level of significance.

High temperature & Long day-length “HL” (25-28) £3°C and 14+2 hours; High temperature & Short day-length “HS” (25-28) +3C
and 8+1hours; Low temperature & Long day-length “LL” 20+1°C and 14+2 hours; Low temperature & Short day-length “LS” 20+1TC
and 8t1lhours; and DAS, day after seeding.

Suwon No.1 Ahndong Jaerae KW45

Fig. 2. Photoperiod and temperature on flowering of buckwheat species.
(LL : seedlings grown under low temperature and long day-length)
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Table 3. The rate of plant flowering in different Photoperiod and temperature in buckwheat species

Photoperiod & Cultivar
Temperature Suwon No.1 (%) Ahndong -jaerae(%) KW45 (%)
HL 80 none none
HS 93 100 none
LL 93 none none
LS 67 100 none

High temperature & Long day-length “HL” (25-28) £3°C and 14 hours; High temperature & Short day-length “HS” (25-28) +3C and
8 hours; Low temperature & Long day-length “LL” 20+1C and 14 hours; Low temperature & Short day-length “LS” 20+1°C and 8

hours.

experiment of Hiroyasu et al. (2001) reported that in common
buckwheat species grown under high temperature, the start of
flowering was earlier and the flowering period was prolonged
with the numbers of flowered increased by high temperature
and common buckwheat was very sensitive to the temperature
and photoperiod than Tartary buckwheat. Lee et al. (2001)
found that shorter photoperiod induced earlier flowering in

common buckwheat.
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