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Dark pre-treatment at early growth stage was found to induce the flowering of non-
vernalized barley varieties irrespective their different thermal ;!nd I)hotoperiodic
responsibility. The possibility that the promotive effect of dark pre-treatment and
of vernalization is based on the different mechanism was suggested.

INTRODUCTION

I t  was  r epo r t ed  p rev ious ly  t ha t  i n  ce r t a in  w in t e r  ba r l ey  va r i e t i e s  da rk
treatment  preceded to long day condit ion can replace,  nearly quanti tat ively,
the vernalization effect (Inouye  and Ito, 1968; Adachi et al., 1970).

In the present  experiment ,  asept ic  cul ture of  barley plants  was examined
to compare the f lowering induced by dark pre- treatment  and vernal izat ion.

MATERIALS AND METHODS

In most experiments Hovdeunl  vzdgare  cv. Hashirihadaka was used since short
day treatment can hardly replace the effect of vernalization (Hirano and Suge,
1963)  a l though i t  requires  45 days of  vernal izat ion t reatment  under  asept ic
cultural condition (Adachi et al., 1 9 7 0 ) . This may be convenient to distinguish
the dark effect from so called “short-day vernalization”.

The basal culture medium was a modified White’s solution. T h e  m e d i u m
cons i s t ed  o f  36Omg MgSO,, 200mg CR(NO~)~, 2 0 0 m g  Na,S04, 80mg  KNOl,  6 5 m g
NaH*PO,,  1.5mg  ZnSO,,  1. 5 mg H3B03,  1. 5 mg KI, 4 mg Fe-ci trate,  log s u c r o s e ,
7 g agar and 1,000 ml deionized water. The 16 x 250 mm test tubes which con-
tain 10 ml of the culture medium were nutoclaved at 1.0 kg/cm’  for  20minutes .

Well matured seeds in medium size were sterilized by immersing in 75 s
alcohol for 3 minutes then in 109;  freshly prepared calcium hypochlori te  solu-
t ion for  20 minutes ,  and f inal ly  in  3  s h y d r o g e n  p e r o x i d e  f o r  2 0  m i n u t e s .
Immedia t e ly  a f t e r  s t e r i l i za t ion , two seeds  were  sown in  each tube and the
t u b e s  w e r e  c o v e r e d  w i t h  p a p e r  t o  p r e v e n t  t h e  m e d i u m  f r o m  d r y i n g . T h e
tubes were kept at 25°C under darkness for 2 days before subjecting to various
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t r e a t m e n t s .  F o r  d a r k  t r e a t m e n t , t h e  t u b e s  w e r e  w r a p p e d  w i t h  l i g h t  p r o o f
black papers .  Vernal izat ion was held at  5°C.  Dark pre- t reatment  and short
day t reatment  (8  hours  l ight  and 16 hours  dark)  was carr ied out at 2 5 ° C .
After  these t reatment ,  plants  were grown in the cont inuous ar t i f ic ial  l ight  a t
2 5 ° C .  T h e  l i g h t  w a s  o b t a i n e d  f r o m  f l u o r e s c e n t  t u b e s , mercury lamps and
incandescent lamps, and the light intensity was about 6,000 lux at plant  level .

The number of leaves formed before the initiation of floral primordia, was
used as a measure of the readiness to flower. Floral  primordia was examined
with a binocular microscope about four months after seeding. Each t rea tment
consisted of about 20 tubes.

RESIJLTS  AND DISCUSSION

Effect of dark p-e-treatment on floral induction of different barley varieties
Four barley varieties, Kinai No.  5,  Akashinriki ,  Hashir ihadaka and Kobin-

k a t a g i ,  w i t h  d i f f e r e n t  t h e r m a l  a n d  p h o t o p e r i o d i c  h e h a v i o u r s  ( S u g e ,  1961),
w e r e  u s e d .  S e e d s  w e r e  p l a n t e d  o n  t h e medium and prcincubated a t  25°C
under darkness for 2 clays before incubated at 5°C or 25°C under darkness for
30 days in spring barlcys and for  45 days in winter  barleys,  and then subse-
quently grown under continuous light at 25°C for about three months (Table 1).

Floral initiation was promoted not only by vernalization (5°C) but also by
dark pre- treatment  (25°C) in  al l  var iet ies ,  a l though the promoting effect  was
less  in the lat ter .  I t  is  notable that  not  only Hashir ihadaka but  also Kobin-
katagi  responded to the dark pre- treatment  al though these two variet ies  are
known to have quite  different  vernal ized abi l i ty  induced by short  day,  but
have almost  same vernal izing response induced by low temperature (Hirano

Table 1. Effects of vernaliarltion  and
tion of four barley varieties.

--__

Materials
~~

Kinai No. 5

I’r~,-treatmcntl)

5°C in dark
“5°C in dark
25°C in light

Akashinriki
Y’C in d‘li-k

25°C in dark
25°C in light

Hashirihadaka
5°C in dark

25°C in dark
25°C in light

5°C in dark
Kobinkatagi 25X in d;rk

25°C in lighl

d a r k  pre-trc::~tment  on Aornl induc-

Flowerin:: No. of
(“6) leave+

_ .~
96 7. 9 (6.0)
85 8. d (6.7)
1 (J 1.3. 5 (6. 5)

ii; 8. 7. 7 2 (6.0)
(5. 2)

14 10.7 (6.1)

95 71 10.5 9. 2 (7.0)

0
(7. 5)
(7.4)

32 84 10.4 re.
26

2)
5 1 12. :; (8. 5)

26 0 (8. 5)

I1 Durxtion o f  e a c h  tri,atment  was 3 cloys in  Kinai N o .  5  and r’~k;~shinriki,  a n d  15
d a y s  i n  Hashirill:;daka  an11 Kobinltatagi.  2J TIP>  nuuiber uf 1,:;1ves  in plants without
floral primordia is shown in parentheses.



Floral Induction by Dark Pre-Treatment in Non-L’ernalized  Winter Barle,v 121

and Suge, 1963). T h e  d i f f e r e n t  d e g r e e  o f  p r o m o t i o n  b e t w e e n  v e r n a l i z a t i o n
and dark pre-treatment was less in spring varieties than winter ones. Untreat-
ed control  plants  received no vernal izat ion and no dark pre- treatment  could
not  ini t ia te  f loral  pr imordia in winter  variet ies  al though about  15 04 of plants
init iated f loral  primordia in spring variet ies. These resul ts  suggest  dark pre-
treatment is  able to replace the vernal izat ion in barley plants .

Effect of sucrose on floral induction in dark pre-treatment

Sufficient amount of sucrose in medium is indispensable for floral initiation
of wheat and barley under total darkness (Sugino, 1957 ; Inouye and Ito, 1968) .
To examine the effect  of  different  sucrose concentrat ions on f loral  induct ion,
Hashirihadaka barley was cultured on media containing 0, 1, 3, 5 and 10% of
sucrose, and subjected to 5°C or 25°C under darkness for 45 days. Al l  p lan t s
were then grown under continuous light at 25°C (Table 2).

No difference was detected in al l  sucrose concentrat ions except  vernal iza-
t i o n  i n d u c e d  b y  l o w  t e m p e r a t u r e  a p p e a r e d  t o  b e  m o r e  e f f e c t i v e  t h a n  d a r k
pre- t reatment .  When plants  were  grown in  medium’ containing no sucrose,  20
,g of vernalized plants initiated flowers at about 10 th node whereas all plants
received only the dark pre-treatment  died af ter  about  5 leaves had developed.
Control  plants  without  vernal izat ion or  dark pre-treatment  fai led to ini t iate
floral p r imord i a  i r r e spec t i ve  o f  suc rose  concen t r a t i on .  I t  i s  sugges t ed  t ha t
sucrose may play a  role  as  an energy source for  the growth during the dark
pre- treatment  but  can not  replace the t r iggering effect  on f loral  induct ion.

Effect of durations of dark pre-treatment. short day and vernalization on
floral induction

Effect of low temperature on flowering can be replaced by short day treat-

Table 2.  Effect of sucrose on floral induction of Hashirih:ldaka winter
barley in dark pre-treatment.

Prc-treatment” Sucrose cont.
(%I

No. of
plants

Flowering
(“6)

No. of
leave+

5°C in dark

25°C in dark

0

6
5

10

0
I

;

10

23
37
37
34
41

26 10.3 (6.8)
92 9. 6 (6. 7)
89 9. 7 (6. 5)
94
95

9. 6 (7. oj
Y. 5 (8.0)

(5.2)
9. 8 (7. 6)

10.0 (7.5)
10.2 (6.9)
10. 1 (6. 2)

2j°C  in l i gh t

0

i
5

10

I) Duration of each treatment was 45 days. 21  The number of leaves in plants
without floral primordia is shown in parentheses.
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Table 3. Effect of durations of dark pre-treatment, short day and vernal-
ization on floral induction of Hashirihadaka winter barley.

Pre- t rea tment Duration No. of
in days plants

Flower ing
(%)

No. of
leaves*)

5°C in dark

25°C in dark iz
45

23
30
30

12.0 (7.8)
11. 5 (8. 5)
10.5 (7.5)

Shor t day a t 25°C’) 30 24 0
45 25 0

I1 8 hours l ight and 16 hours dark. 2, T h e  n u m b e r  o f  leaves i n  p l a n t s  w i t h o u t
floral primordia is shown in parentheses.

ment in certain winter barley varieties (Suge, 1961 ; Chujo, 1962, 1975). Seeds
of Hashirihadaka barley were sown on the medium and subjected to 5°C and
25’C under darkness or short day condition at 25°C for 15, 30 and 45 days.
Thereafter, they were grown under continuous light at 25°C (Table 3).

When treatments were given for 15 days, 43 % of plants initiated floral
primordia after vernalization whereas only 9 7; of plants initiated floral pri-
mordia after dark pre-treatment. Almost all plants received 30 or 45 days
vernalization initiated floral primordia after having about 9 leaves. In the
dark pre-treatment, flowering response increased gradually as the periods of
the treatment were increased, and 80 ,“I of plants initiated floral primordia
after having 10.5 leaves in the treatment of 45 days. However, floral initiation
did not occur when the plants were subjected to short day treatment immedi-
ately after germination. It indicates the promotive effect of dark pre-treat-
ment on floral induction is differed from the effect of short day treatment.

Effect of seedling age prior to dark pre-treatment or vernalization on floral
induction

It is well known that vernalization of winter cereals can be advanced not
only in immature seed stage on the mother plant or in germinating stage but
also in early seedling stage (Purvis, 1961 ; Napp-Zinn,  1973). It is reported in
winter wheat that the most favorable temperature for vernalization does not
differ among different ages of seedling at the start of the treatment, although
vernalizing effect decreased with increasing seedling age (Chujo, 1975). Seeds
of Hashirihadaka were planted on medium and incubated at 25°C under dark-
ness for 2 days. The germinated seeds were cultured first under continuous
light at 25’C for 0, 1, 2, 5 and 10 days, and subsequently received vernalization
under continuous light about 100 lux or dark pre-treatment for 45 days, respec-
tively. Thereafter, they were grown under continuous light at 25°C for three
months (Table 4).

All of vernalized plants initiated floral primordia irrespective of cultural
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Table 4. Effect of seedling age prior to dark pre-treatment or vernaliza-
tion on floral induction of Hashirihadaka winter barley.

Pre- t rea tment Number
of days”

No. of
plants

Flower ing
(%)

No. of
leaves2)

0 100
B

k: 100 z
5°C in da rk 20 100 a:5

1: 16 14 100 100 8.6 9.6

25°C in dark

0 28 57 9.8 (7.6)
1 15 10.3 (6.9)

;
18 :; 10.0 (6.4)
14 36 10.4 (6.3)

10 14 14 10.5 (6. 7)

I1 Days of cultivation at 25°C under continuous light prior to dark pre-treatment or
verna l iza t ion .  21 The number of leaves in plants without floral primordia is shown
in parentheses.

durations under continuous light prior to vernalization, although the number
of leaves before initiation of floral primordia increased with increasing cultur-
al durations prior to vernalization. On the other hand, flowering response
in dark pre-treatment decreased gradually with increasing cultural durations
prior to dark pre-treatment, and only 14% of plants initiated floral primordia
in 10 days of culturing prior to dark pre-treatment. The difference in the
promotive effects between vernalization and dark pre-treatment increased
gradually as the cultural durations under continuous light before vernalization
or dark pre-treatment were prolonged.

Effect of alternating treatment of vernalization and dark pre-treatment on
floral induction

As shown in the above result, the dark pre-treatment was effective for
floral initiation in non-vernalized plants, but flowering response was always
less than that induced by vernalization. Therefore, alternative treatments of
vernalization and dark pre-treatment on Hashirihadaka prior to continuous
light were set up in order to examine the possible mechanism of floral induc-
tion caused by these two treatments (Table 5).

Maximum flowering response was obtained by vernalization under con-
tinuous light and followed by vernalization under darkness; next responses
were obtained in the order that alternative vernalization in darkness and dark
pre-treatment, dark pre-treatment, and untreated control. These results in-
dicate that the dark pre-treatment can not fully replace vernalization in
promoting floral induction. Furthermore, continuous light given during low
temperature promoted floral induction under high temperature condition. The
results presented here support that the floral induction caused by dark pre-
treatment and by vernalization is based on the different mechanisms. In dark
condition, irrespective of temperature, barley plants may flower by their natu-
ral tendency to flower.
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Table 5. Effect of alternating treatment of vernalization and dark pre-
treatment on floral induction of Hashirihadaka winter barley.

Days of pre-treatment No. of Flower ing No. of
0 15 30 45 p lan ts (%) leaves”

I - ~. ~ _~___  _~
I I 17 100 7. 5

‘. : 15 53., 8. 8 (7. 0)

22 91 9. 7 (7. 5)

26 92 9.7 (7. 0)

20 60 9.8 (6.4)
I I 23 0 (6.2)

D 5°C under continuous light ; m  5°C in darkness ; 25°C in darkness ; and

F--_-l 25°C under continuous light (untreated control). Ii The number of leaves in
plants without floral primordia is shown in parentheses.
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