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Abstract

Avena abyssinica seeds of 4 months old after harvest germinated well at a temperature range from 15°
to 30°C.  A. sativa seeds of the same age germinated to a lesser degree at 25° and 30°C, but A. fatua did
not at both temperatures and that of 16 months old never germinated at 30°C.  These results indicate that
A. abyssinica seeds are not dormant, those of A. sativa are median dormant and those of A. fatua are highly
dormant.

a-Amylase production in half cut seeds, embryonated endosperms termed as embryonated halves and
de-embryonated endosperms as endosperm halves, was examied in the absence or the presence of
gibberellin As (GA3).

The embryonated halves of A. abyssinica, irrespective of age, produced a certain amount of e-amylase
even in the absence of GA;. The embryonated halves as well as the endosperm halves of this species
produced a great amount of GAg-induced a-amylase. On the contrary, the embryonated halves of A.
sativa and A. fatua produced a less amount of GAg-induced a-amylase than the corresponding endosperm
halves, increasing in both halves with the lengthening of after-ripening period. Among the three species,
A. abyssinica produced the greatest amount of e-amylase, A. safiva did a median amount and A. fatua the
least amount.

This evidence indicates that behaviour of seed germination in each of these species is involved with the
levels and the changes in the e-amylase production in the endosperms with the advancement of
after-ripening.
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I. Introduction

Nishiyama and Inamori® have examined seed germination in many species of Avena of various months old
after harvest and found no dormant period in A. abyssinica, the longest dormant period in A. fatua and a medium
dormant period in A. sativa, cv. Victory, respectively.

A. fatua seeds have a typically dormant nature so that fresh seeds, one week after harvest, can barely
germinate at 5° or 10°C but cannot germinate at any higher temperatures. The seeds become to germinate at
the higher temperatures with the extension of after-ripened period. However, they still cannot germinate at
30°C even after they after-ripened for two years or longer®.

On the other hand, a-amylase production has been induced by exogenous GAg in half cut seeds of 4. fatua.
However, the production of a-amylase in the embryonated half endosperms of this species was much less than
that in the de-embryonated half endosperms, suggesting that some factor(s) occurring in the embryo inhibits
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GAg-induced a-amylase production in the endosperm?.

In the present study, we studied seed germination at different temperatures for A. abyssinica, A. sativa and
A. fatua. a-Amylase production in the embryonated and de-embryonated endosperms for the seeds of the
three species either in the absence or the presence of GA; was also examined.

II. Materials and Methods

The seeds of Avena abyssinica, A. sativa, cv. Victory, and A. fatua were the gift from Emeritus Professor 1.
Nishiyama®, Laboratory of Plant Genetics, Kyoto University. These species of oat plants were cultivated in
open field every year. Matured A. abysstnica seeds (caryopsis) with hulls were harvested usually at the middie
of May. Seeds of A. sativa and A. fatua were harvested at the middle of June. In seed germination test, entire
seeds were sown on filter paper moistened with 5 ml distilled water in a flat petri dish and exposed to various
temperatures at 15° to 30°C. The number of germinating seeds was recorded daily for several days and
represneted as the percentage of the total number of seeds used.

To test a-amylase production, the intact seeds were cut laterally into two halves. The embryonated half
endosperms were referred to embryonated halves and the de-embryonated half endosperms were as endosperm
halves. o-Amylase production of these seed halves was examined according to the procedure previously
reported by Ogawa”; five to 7 embryonated halves or endosperm halves sterilized were placed separately with
the cut face on the agar gel containing 0.5% starch with or without 1 ppm GAjz in flat petri dish of 9 ¢m in
diameter, and incubated at 30°C for 3 days. The plates were flooded with iodine solution and starch was
visualized. The mean diameter values of circular zones of starch digested by a-amylase produced by these seed
halves was taken as an index of the a-amylase production. Two dishes with a total of 10 to 14 seed halves were
used for each experiment.  Also, the number of embryonated halves germinated during the a-amylase test was
represented as a percentage of the total number of embryonated ones tested.

III. Results

1. Seed germination

The percentage of seed germination in A. abyssinica, A. sativa and A. fatua of 4 months old and A. fatua of
16 months old at various temperatures is represented in Fig. 1. At 15° and 20°C, seeds of A. abyssinica, A.
sativa and the older A. fatua germinated to a considerable extent, but the younger seeds of A. fatua germinated
to a much lesser extent. At 25° and 30°C, seeds of A. abyssinica germinated to a similar extent to those at 15°
and 20°C, whereas seeds of A. sativa germinated to a lesser extent than those of A. abyssinica. The older
seeds of A, fatua germinated to a lesser extent than A. sative at 15° and 20°C and did not germinate at 30°C.
The younger seeds of A. fatua seeds never germinated at all at 25° and 30°C.

2. a-Amylase production

Embryonated halves and endosperm halves prepared from various month-old seeds of A. abyssinica, A.
sativa and A. fatua were subjected to the a-amylase test either in the absence or the presence of GA;. The
experimental results for the three species are represented in Fig. 2-a, b and ¢, respectively. The embryonated
halves of A. abyssinica, irrespective of age, produced a certain amount of a-amylase even in the absence of GA3,
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Fig. 1. Germination of 4 month-old seeds of Avena abyssinica (©), A. sativa (3), A. fatua (&) and 16 month-old seeds of
A. fatua (&) at 15°, 20°, 25° and 30°C.

but the endosperm halves did not. In the presence of GAj, both the embryonated and the endosperm halves
produced a great amount of e-amylase independently of their after-ripening period.

The embryonated halves of all ages germinated well in both the absence and the presence of GAs.

The embryonated halves of 6 month-old A. sativa produced a small amount of a-amylase in the absence of
GAg, which increased slightly with the lengthening of after-ripening period. In the presence of GAg, both the
embryonated and endosperm halves produced a large amount of e-amylase, though the former’s production was
less than the latter’'s. The GAg-induced a-amylase production in both the embryonated and endosperm halves
also increased slightly with the lengthening of after-ripening period.
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Fig. 2-a. a-Amylase production in 6, 18 and 30 month-old embryonated endosperm halves (Emb) and embryoless
endosperm halves (En) of Avena abyssinica in the absence ([7) and in the presence of GAy (B). Vertical bars
on the histograms indicate standard errors. Germination percentages of the embryonated halves in the
absence of GA; and those in the presence of GAj are shown by brocken and solid lines, respectively.
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Fig. 2-b. a-Amylase production in 6, 18 and 30 month-old embryonated endosperm halves (Emb) and embryoless
endosperm halves (En) of Avena sativa in the absence () and in the presence of GA; (@). Vertical bars on the
histograms indicate standard errors. Germination percentages of the embryonated halves in the absence of
GAjy and those in the presence of GA; are shown by brocken and solid lines, respectively.
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Fig. 2-¢c. «-Amylase production in 5, 17 and 29 month-old embryonated endosperm halves (Emb) and embryoless
endosperm halves (En) of Avena fatua in the absence ([0) and in the presence of GAg (). Vertical bars on the
histograms indicate standard errors. Germination percentages of the embryonated halves in the absence of
GA; and those in the presence of GA; are shown by closed circles or brocken lines and solid lines, respectively.
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The older the embryonated halves, then the more the germination in the absence of GAs as well as the
presence of GAs.

The embryonated halves of any old 4. fatua did not produce a-amylase in the absence of GAj3, but did only a
small amount of a-amylase in the presence of GAjs, being much less than the endosperm halves. The
GAjz-induced a-amylase production in both embryonated and endosperm halves also increased with the length of
after-ripening period, though being much less than that of A. sativa.

Both 5 and 17 month-old embryonated halves of A. fatua did not germinate in the absence of GA3, and in the
presence of GAj the older the embryonated halves, the more the germination, though being much less than
those of A. sativa.

IV. Discussion

A. abyssinica seeds germinated well at temperatures ranging from 15° to 30°C. Both A. safiva and the
older A. fatua seeds germinated well at 15° and 20°C as A, abyssinica did, but A. sativa seeds hardly germinated
at 25° and 30°C.  Neither the older seeds nor the younger seeds of A. fatua germinated at 30°C (Fig. 1). On
occasion, some viviparous seeds were found on mature panicles of A. abyssinica grown in fields at rainy season.
They have never been found in both A. safive and A. fatua. The above evidence confirms the early report of
Nishiyama and Inamori® that A. abyssinica seeds are not dormant, A. sativa seeds are median dormant and A,
Jatua seeds are highly dormant.

Incidentally, the germination of A. abyssintca seed was not inhibited by the application of a gibberellin-
biosynthesis inhibitor, CCC, which potentially inhibited the germination of A. faiua seeds® (data not shown).
This suggests the pre-existence of endogenous gibberellins (GAs) in the embryo of A. abyssinica and/or the
much higher capacity of the embryo of this species for synthesizing endogenous GAs, which may result in the
minimum inhibition of germination by CCC.

On the other hand, the embryonated halves of A. abyssinica produced a certain amount of a-amylase with
high germination rate even in the absence of exogenous GAj (Fig. 2-a). The embryoless endosperm cut at near
the embryo produced a-amylase considerably (data not shown). This evidence suggests that this species
produces much more a-amylase near around the embryo, which might be induced by the endogenous GAs
occurred in the embryo. The embryonated halves as well as the endosperm halves of A. abyssinica produced
also a great amount of GAg-induced a-amylase (Fig. 2-a), suggesting that the embryo of this species does not
inhibit a-amylase production in the endosperm but rather promotes it. In contrast, the embryonated halves of
A. sativa and A. fatua produced a smaller amount of GAs-induced a-amylase than the corresponding embryoless
endosperm halves, in consistence with Ogawa's report for A. fatua” (Figs. 2-b and ¢). This suggests that the
embryo of these species inhibits the a-amylase production in the endosperm.

GAg-induced a-amylase production in A. ebyssinica was at a high level in both the young and old seed halves
(Fig. 2-a), whereas that in A. sativa and A. fatua was at a low level in young seed halves, increasing with the
lengthening of after-ripening period (Fig. 2-b and ¢). Thus, the degree of seed dormancy in germination of
these species parallels the level of their e-amylase production in the endosperm (Fig. 1 vs Figs. 2-a, b and ¢).
In A. sativa and A. fatua, the germination rate and e-amylase production in the embryonated halves was also
stimulated by exogenous GAsz (Figs. 2-b and ¢). The characteristics of seed germination and a-amylase
production in the three species might be a reflection of the interaction between the induction by GAs and
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inhibition by abscisic acid (ABA), both cccurring in the embryo®?.

The germination ability of A. abyssinica seeds at higher temperatures, which indicates the lack of seed
dormancy, may be a consequence of an ecological adaptation of this species to the native, tropical drier steppes
in Ethiopia®*?,  A. abyssinica, a tetraploid (4x, AsB) would be evolved from A. barbata (4%, AsB) which would
be a combination of A. hirtula (2x, As) and an undetermined species (2%, B) (I. Nishiyama, personal communi-
cation). On the other hand, many hexaploid Avena species including A. sativa and A. fatua are variously dor-
mant®, A. sativa (6x, ACD) would have evolved from A. fatua (6x, ACD)®. A. fatua grows as a weed in the
149 and in Canada® which are cool lands. It is of interest to study further the behavior of seed
germination in many native Avena species in relation to the ability to produce e-amylase in the endosperm, and to

Pamirs

the amounts of endogenous GAs and ABA in the embryo.
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