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Vigor Determination in Barley Seeds
by the Multiple Criteria
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ABSTRACT

The seeds of three barley varieties of which initial seed vigor were different were used to measure seed

vigor of accelerated aging techniques. A vigor index derived from the product of percent germination and

plumule length was used to estimate seed vigor.

The index was compared with the results of other tests.

The results of warm germination test well suited to the measurements of seed vigor at the advanced stages of

seed deterioration. Other vigor measurements except ATP and GADA values, showed close relationships with

the vigor index. The measurements of plumule length in cold test and tetrazolium test were found to be

appropriate for predicting seed quality.

INTRODUCTION

The measurement of seed vigor is of interest for
scientists in assessing seed quality. The warm ger-
mination test was considered to be a suitable method
to predict field performance of the seed lot
With an attempt to develop the best single vigor

measurement, Bishnoi and Delouche(’)

reported that
assays of seed vigor in simulated adverse field condi-
tions, such as the cold test and accelerated aging test,
were adequate for predicting deterioration levels and
field performance of cotton seed. Anderson™
that older barley seeds evolved more CO; up to 200%
than those of newer seeds. Recent works by Grabe

in comn), by Kittock and Law in wheat'6)

, and by
Linko and Sogn in wheat'® have been carried out

with an interest in glutamic acid decarboxylase

4,8)

activity (GADA) in relation to viability and seed
quality of stored seeds. It was also suggested that
the GADA was able to predict seed deterioration
and seedling vigor. Although many tests have been

13, 19, 26
), most

proposed for measuring seed quality
researchers came to believe that seed vigor can not be
measured by a single test because the vigor is a com-
plex expression of biochemical activities of seeds.
Thus, scientists have suggested combined indices
to express physiological and biochemical properties
of seeds with an accuracy in predicting field perfor-
mance¥ 11:26) Ching et a1.9)found that seed weight,
ATP content of 3-day old seedlings, ATP content of
hydrated embryo, and dry weight of 7-day old seed-
lings made the best estimates of barley vigor,
Tekrony and Elgi25) found that the 4-day germina-
tion of soybean seeds, standard towel germination

and the accelerated aging tests were all significantly
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correlated with field emergence. Yaklich et a1.27)

proposed a multiple criteria approach for evaluating
barley seed vigor by measuring such parameters as
ATP content and conductivity. Don et al.lO)found
that a combination of several test methods was
required for a full evaluation of wheat seed quality.

This study was undertaken to investigate the ef-
fects of artificial aging on seed vigor of three barley
cultivars, and to determine the best vigor test of
seeds or combination of tests that can predict seed

and seedling vigor more accurately.
MATERIALS AND METHODS

Seed materials and aging treatment

Seeds of three barley cultivars (Saesalbori,
Bohobori and Doosan #22) were obtained from
Gyeongnam Provincial Rural Development Admini-
stration. The seeds were artificially aged for 0 (con-
trol), 1 and 8 days using the “Wire-mesh’ tray pro-
cedure developed by McDonald®?. Each box sealed
with tape was incubated at 41.0£1.0°C and near
100% relative humidity. Seeds were then placed in
a single-seed layer at room temperature and dried

up to 12-14% moisture content.

Warm germination test

According to the “Rules for Testing Seeds” of
the Association of Official Seed Analysts(AOSA)S),
three 100-seed replications of seeds were germinated
by top planting method at 20°C for 7 days, then
plumule length of each normal seedling was measured
and speed of germination was estimated by the fol-

lowing formula:

Speed of germination (X) =

Number of normal seedlings

Days of first count

Number of normal seedlings

Days of final count

Seedling growth rate (SGR) was estimated by the

following formula:

Seedling dry weight
SGR (X) =

Total normal seedlings

Vigor index

Vigor levels were calculated by multiplying
percent normal germination by length of plumulen).
This index was used as a reference in comparing all

other vigor tests.

Cold test

A cold test was conducted by exposing the
seeds to 5°C for 3 days, followed by successive 7
days at 20°C under warm conditions. The cold
test was performed by planting 300 seeds (three
100-seed replicates) in a soil medium which was
composed of equal parts of vermiculite and soil
(v/v). A 3-cm thick soil layer was placed on the bot-
tom of each plastic box (9.7cm x 8.4cm x 9.4cm) on
which 100 seeds were placed and covered uniformly
with the half amount of soil. Seventy percentage of
water holding capacity was maintained. After re-
placing the lids, the plastic boxes were incubated for
3 days at 5°C and then transferred to 20°C for 7
days until seedling emergence. Normal seedlings
were evaluated after seven days with the number of
emerged seedling above the germination medium,
and classified into vigor categories based on plumule
lengths of shorter than 2¢m, 2-4cm, and longer than
4cm for Saesalbori; 3cm, 3-6cm and 6cm for
Buhobori and Doosan #22, of which categories were
indiced as 2, 4 and 6, respectively. The total com-
bined index was categorized into high (400-600),
medium (200-399), or low vigor (less than 200).

Conductivity test

A conductivity test was performed by using the
Suntax SC-17 conductivity tester. The sample seeds
were soaked in tube with 30m! deionized water at
20°C for 24 hours. The average microamp per seed
was calculated by dividing the sum of all 100 seeds
and the values were shown in microsiemens cm/g/
seed 30mlL

Tetrazolium vigor test

The AOSA standard procedures described in
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the “Tetrazolium Testing Handbook for Agricul-

tural Seeds” 2

were adopted to categorize the vigor
into high, medium, and low. A cumulative index of
vigor was calculated by the information collected.
The criteria, as described by Moorezl),
(400-600), medium (200-399), low (less than 200)

and dead (nonviable), which are indiced as 2, 4 and

were high

6, respectively.

Adenosine triphosphate level test

ATP level was determined by the luciferin-
luciferase method”) in boiling water extract: Seeds
were soaked for 5 minutes in 1 percent sodium
hypochlorite, rinsed 4 times in sterile water, and the
imbibed seeds were placed at 20°C for 4 hours on a
paper towel. Three replications of each 10 seeds
were dropped with Sml into microcentrifuge tube-
boiled ~distilled water and extracted for 10 minutes.
The extract was cooled and stored in an ice bath.
An aliquot of the extract was used to measure ATP
with an LKB-1250 ATP Photometer, and the data
were transformed according to the formula of
St. John®.

Glutamic acid decarboxylase activity test

The glutamic acid decaboxylase activity test
was performed following the method described by
Linko'®, Seed were soaked for 5 minutes in 1 per-
cent sodium hypochlorite, rinsed 4 times in sterile
water. Five grams of homogenized seed sample were
placed in a substrate solution containing 35.0ml of
0.1M L-gluatmic acid in 0.50M sodium phosphate
buffer at pH 5.2. The mixture was transferred into a
250ml Erlenmeyer flask, and was shaken in a water
bath for 8 minutes at 30°C. Five cc of the air in the
flask was withdrawn with a syringe. The concentra-
tion of CO, was determined with a Beckman Model
864 Nondispersive Infrared Gas Analyzer.

Statistical analysis: Based on the methods of

Steel and Torrie?*

the stepwise multiple regression
analysis was made to determine the most effective

factors in vigor test.

RESULTS AND DISCUSSION

The vigor index was estimated from percent
germination x plumule length (Table 1). The initial
index of Saesalbori was significantly lower than that
of Buhobori or Doosan #22. Since the initial warm
germination percent was not significantly different
between the cultivars, the difference in vigor index
was primarily due to the difference of the plumule
length. Therefore caution must be given to deter-
mine vigor index, especially when a test includes

one of the growth measurements.

Table 1. Initial mean germination, plumule length and
vigor index of the three barley cultivars with
no aging treatment (control).*

Plumule length

Cultivar % warm. in warm ger- Yigor
germinatin L index

mination (mm)
Seasalbori 9g? 58P 56840
Buhobori 992 928 91082
Doosan #22 932 972 90212

*Column means followed by the same letter were not signif-
icantly different at the 5 percent level according to DMRT.

The characteristics of combined vigor index
based on percent germination, length of the plumule
and seedling growth rate is shown in Fig. 1. The
vigor index in each cultivar was decreased as aging
days increased, and the score shown by the multipli-
cation of percent germination by length of plumule
seemed to be appropriate to measure seed vigor.

Figure 2 demonstrates the changes of percent
germination, plumule length and the combined vigor
index in three cultivars at different aging days. It
was found that the combined vigor index was in-
fluenced largely by the plumule length. Perry22 sug-
gested that field emergence percent of the seedlings
was closely related to the plumule growth parti-
cularly under the unfavourable soil conditions.
Grain yield was found to be closely related to
plumule growth. In this study, the plumule length
was found to be closely related to vigor index pro-
vided the aging day was extended only to 4th day.
The relationship was not maintained when the seed
aging was extended more than 4 days.

As shown in Table 2, most of the masurements

such as percent germination, speed of germination,
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Fig. 1. Characteristics of seed vigor indices measured by the results of three vigor tests for three cultivars
under the different levels of aging days. Curves shown are: ®——@, percent warm germination;®-—@,

vigor index (x100); +——+, plumule length.
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Fig. 2. Characteristics of combined vigor indices of three measurements of seed vigor for three barley
cultivars affected by different levels of aging days. Combined vigor index of perceng warm

germination x SGR (X10, e——e);

percent

warm germination x plumule length (x100,

®--.8); and percent warm germination x plumule length x SGR (x1,000, +——+).

length of plumule, percent cold germination, cold
vigor, vigor in Tetrazolium Chloride (TTC) reduc-
tion and percent of TZ germination prediction
SGR

secemed not to be appropriate to relate to vigor

were decreased as aging days extended.
index. No consistent relationships were found
betweeen ATP content, conductivity measurements
and CO, production from GADA. Lamkin et al.'?,
however, suggested that activity of the glutamic acid
decarboxylase was a useful index to express viabi-
lity, and the test be employed as supplement test
in addition to the currently-used germination tests.

The relationship of ATP content of barley seed

and vigor was recently challenged by many
researchers in large-scale experiments. The relation-
ships between ATP content of barley seed and field
emergence, intensively

studied.

stand, and yield were
In this experiment, we aimed to use ATP
content as measure of vigor.

The mean squares of cultivars, treatments, and
their interaction in different vigor tests were shown
in Table 3.

ment was recognized in the most of vigor tests

As a whole, the effect of aging treat-

except seedling growth rate.
Simple correlation coefficients between seed

vigor index and each variable were shown in Table
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4, Among the variables, ATP and conductivity
were not related to vigor index for the cultivar
such as Saesalbori with comparatively lower ATP
and conductivity. However, the seed vigor of
Buhobori and Doosan #22, showing high and ATP
and conductivity, was negatively related to vigor
index.

By using the stepwise regression analysis, the
plumule length and cold vigor index were selected
to predict for vigor index, and it was found that
both percent cold germination and TZ germination
measurements were found to be effective in predict-

ing vigor index.

Based on the information obtained, it was
confirmed that though many biochemical processes
are involved in many vigor tests, the combined
vigor index should be used to measure the actual

field performance of the given cultivars,

i L2
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