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Some Comparative Physiological Studies on Growth and Development
in the Early and Late Strains of Einkorn Wheat (II)

Growth and Flowering of the Early and Late Strains in Pot Culture

Mamoru SUGINO

Synopsis

The growth and flowering of the early and late strains of einkorn wheat in pot culture
under different photoperiodic and temperature conditions were compared with special
reference to the effects of applied gibberellic acid (GA).

Long days stimulated differently and specifically the flower initiation in the early and late
strains, while the shoot growth in length of both the strains were accelerated quantitavely and
generally by the long days as well as the external application of GA.

A comparison between the rates of elongation of the leaf sheath parts which are induced
by long days and GA application and due to genetical earliness indicates clearly that these
three factors stimulate the shoot growth independently.

The change in growth forms from rosette to erect form was also affected by photoperiod,
temperature, genetical earliness and GA application in some possitive correlation with the
shoot elongation.

These results suggest a important role of the endogenous GA which production or
activation is promoted by long days, high temperature and genetic earliness in the growth and
development of einkorn wheat.

L & g T, A 0EIRIT b B 7SRRI, RERFO A

EXIZUAEL 5B 2 =94 X0k E 42 -7z,

HERFENEERIZE 5 24X DLEFIE, MEIIEM %27, BEOEE, BEEMFI0EY, B G

NSRS CEWTITh LS A, Rll, 20’k HIABNTONR  MEEE S T, F 0o iMT
BRI, HRIIK, BSH50ROMBRIZEY BRI A EE RIS E TN,

* eaf, R FEFE S (Lab of Plant Phvsaologs. Dent of Agrie Kkt Unin Theashiosaka, 377, Japan)



12 AT bR

#1115 (1978)

I REFEEER

1. Ry BB LA T HRALXDRER B E
FOEFICRETRAWMEDKDEEOEE
PHELUMLE2 280 -5, B8 E x|
IR, Z0¥--%EE2#AT30X30X10emd
RENOIPE 20T B L 2=, Kl2ZhAsn
KFE %, Fig 1-(C) (IRt X9 %, NEEAZECH

Fig. 1. Photographs showing the early (A) and late (B)
strains grown under different light intensities of the
supplemental night illumination. The seedlings were
planted and grown on sand in wooden boxes placed
in the separate open rooms with light sources of
2cp, 10 watt and 60 watt incandescent lamp set
50 cm above bed, respectively in the cabinet (C)
which was set in the outdoors. Control plants were
also placed out of doors.
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Fig. 2. Effect of the supplemental light intensities on

growth and development of the early and late strains
in sand culture. The plants were grown from 1 April
to 26 May 1966 out of doors under the natural
day length (ND) or the ND supplemented with the
night illumination of 2cp, 10 watt, and 60 watt
incandescent lamp, respectively.

(A) Number of the leaves formed on the main axis.
The figures in parenthesis represent the floral stages.
(B) Length of the main stems.
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Fig. 3. Effect of duration of the long days with supple-
mental dim night illumination on growth and
development of the early and late strains in sand
culture. The plants were grown outdoors from 1
April to § June 1965 under the natural day length of
12: 37 to 14: 25 hours except the long day treat-
ments which extended the natural day length with
night illumination by 2 cp incandescent lamp set
50 cm above the ground.
(A) Number of bolting and rosette leaves on the
main axies.
(B) Length of the main stems. The figures on the
histograms represent the floral stages.
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Fig. 4. Effect of the long days with supplemental night
illumination by a 60 watt incandescent lamp on
growth and development of the early and late strains
in sand culture. The plants were grown from 1 April
to 15 June outdoors and exposed the natural day
light for eight hours except the long days.

(A) Number of bolting and rosette leaves on the
main axis before flower initiation. The figures in
parenthesis indicate the percentages of the plants
with flower initials.

(B) Length of the stem. The figures in parenthesis
histograms represent the floral stages.
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40 Fig. 5. Effect of the photoperiods and temperatures on

growth and development of the early and late strains

in sand culture. The field grown plants of 40 days

old were planted on sand in wooden boxes placed in

the four rooms of a growth cabinet with controlled

temperatures from 28 Dec. to Feb. 1968 (42 days).

They were exposed to the natural day length (ND:

the diffuzed day light of about a fourth intensity to

y that of the outdoors was supplemented with

illumination by four 20 watt Vitalux fluorescent

lamps and two 20 watt red fluorescent lamps for

eight hours in the daytime). For the long day

treatment (LD), the eight hour’s illumination was

extended by the two red lamps into the remaining

’_“7’ sixteen hours in a day.

(A) Number of leaves on the main axis before

A ‘ flowering. findicates the possible increase in leaf

LD ND LDND LDND LDND number until flowering. The figures on the
25°C 15°C 25°C 15°C histggrams represent the floral stages.

Early Late (B) Length of the shoot, leaf sheath part and stem.
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Fig. 6. Effect of the application of gibberellic acid (GA)
on growth and development of the late strain in the
different growth stages. The plants were grown in
the field from 6 Oct., 1 Nov., and 5 Feb. to 20 April
1968 when the half of them (hatched histograms)
were sprayed with 100 ppm of GA solution. The
plant sizes and the floral stages were measured on 6
May, at 16 days after the GA application. For com-
parison, the plants of early strain were grown from 5
Feb. to 6 May 1967.
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Table 1. Length of the main stem, leaf sheath part (from base to the uppermost sheath) and
the shoot at the three growing dates of the early and late strains of einkorn wheat. The
plants of about 40 days old were grown eigher in natrural day length (ND: 12:02 to
13: 37 hours) or in long days (the natural day length was supplemented with night
illumination of about 150 1x) from 10 March to 2 May 1968. The half of plants in each
lots were sprayed with 100 ppm GA on 18th and 21th of March and the plant sizes were
measurred in 10 (I), 21 (II) and 45 (II1) days after the first GA application.
GA application Yes No
Photopriod Strain LD ND LD N'D
Early Late Early Late Early Late Early Late
L e * Tk * * * * *
II. 14.6 1.5 2.3 * 34 * 0.6 *
Main Stem +1.9 +0.2 +0.5 +0.9 +0.1
111, 75.3 31.6 21.8 0.5 66.3 19.3 15.4 0.5
+5.0 +4.1 +2.9 +0.1 +4.5 +3.3 +2.4 +0.1
L. 10.0 6.3 7.3 5.0 5.6 2.2 3.2 1.1
Length of +1.0 +0.7 +1.3 +0.6 +0.5 +0.2 +1.0 +0.2
Leaf sheath IL | 24.0 12.2 12.3 6.5 13.0 .6.0 6.8 2.7
37 +2.0 +1.0 +1.3 +0.8 +1.6 +0.2 +1.0 +0.4
+
(cm + SE) part 0L | 643 | 467 | 362 83 | 620 | 351 1 281 6.5
+3.3 +5.0 +2.8 +1.0 +3.0 +4.5 +2.5 +3.1
L 249 | 171 20.3 14.8 17.5 8.7 13.5 8.0
+2.5 +2.8 +2.4 +1.0 +1.8 +1.0 +1.3 +1.2
1. 47.6 41.0 41.4 304 34.3 20.5 23.8 128
Shoot +37 | 28 | #32 | #22 | +1.9 | £1.8 | 2.6 | 0.9
1L 85.3 67.0 63.5 31.1 72.8 57.6 51.7 25.1
15.0 +5.2 +1.9 +1.6 +6.8 +2.2 +3.1 +1.5
(Floral stages) I1I. . O) 1 (4.0) (4.0) (1.5) (5.0) (4.0) (4.0) (15)
*

Visible stem elongation was not recognizable
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Fig. 7. Growth and development of the early and late
strains under the natural day length (ND: 10: 37 to
13: 35 hours) or the long days (LD: The ND was
extended with night illumination by 60 watt
incandescent lamp) at 46 days after the first GA
application. The plants were grown from 2 Feb. to 2
May 1968 in the out doors. A half of the plants
were fully sprayed with 100 ppm GA on 18 and 21
March (hatched histograms).
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Table 2. Per cent increase of length of the main stem, leaf sheath part and the shoot by
external application of GA, long day treatment and due to the genetical difference in the
early and late strains of einkdrn wheat. (see the previous Table 1.)

Stem Leaf sheath part Shoot
I 11 111 I n m 1 1 m
A. Elongation accelerated by GA application (GA/None GA)
Farly LD * 329 14 78 85 4 42 39 17
ND * 283 41 128 81 29 50 74 23
Late LD * ** 64 186 103 33 97 100 16
ND * *x 0 355 141 28 85 138 24
B. Elongation accelerated by long day treatment (LD/ND)
Ear GA * 535 245 41 95 78 23 15 34
None 460 330 75 91 121 29 44 41
Late GA *x ** 25 88 463 16 34 115
None * *ok *k 100 122 440 9 60 129
C. Varietal difference (Early/Late)
GA LD * 871 138 59 97 38 45 16 27
ND * *x ** 46 89 336 37 36 104
None LD * *x 244 155 117 77 101 67 26
ND * *x ** 191 152 332 70 86 106

*  The stem elongation was not visible in both groups.
The stem elongation was not visible in one of the two groups.
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Table 3. Sine relations between the shoot length and the shoot height (from ground to the
upper level of the plant) of the early and the late strains grown under natural day length
(ND) or long days (LD) and with or without GA application in the same experiment that
was shown in the previous Table 1.
S GA None GA
tate of ”
Days* the Shoot | LP, ND LD ND
| Early Late Early Late Early Late Early Late
Length(L) 24.9 17.1 20.3 14.8 17.5 8.7 13.5 8.0
(cm)
10 Height(H) 21.0 15.5 16.4 14.1 16.5 8.1 13.1 3.8
(cm)
Sino" H/L 57.9 65.0 53.9 72.4 70.6 68.6 74.4 28.4
*)
Length(L) 47.6 41.0 41.4 30.4 34.3 20.5 23.8 12.8
(cm)
21 IIeight)(H) 35.6 25.0 25.0 15.1 32.1 18.8 21.3 7.3
(cm
Sin ‘)' H/L 48.4 44.8 37.6 29.8 69.9 66.2 64.0 36.0
°
- _
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Table 4. The growth forms of the early and late strains of einkorn wheat in a field at OSAKA
from 25 Oct. to 6 March, 19 67 (136 days).

. Length of the leaf' Inclination of the
Strain sheath part (mm) leaf sheath part (°) Growth form
Early 117.3+ 8.3 833+ 1.2 erect
Late 46.6 + 1.8 '15.7+ 2.0 rosette
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Table 5. Effect of vernalization on the growth and development of the early and late strains
of einkorn wheat. The plants which germinated seeds were kept at 1°C for 3 or 7 weeks
and the non-chilling plants were grown in pots placed in the outdoors from 3 March to 10
May 1967 (68 days) under the natural day length (ND) or the long days (LD : ND with

artificial night illumination).

No. of leaves on Main stem —
Strain Weeks of the main axis length (cm) Floral stage
Vernalization
LD ND LD ND LD ND
7 8.0 9.8 57.4 24.2 6.0 4.1
Early 3 7.6 9.8 60.3 233 5.8 3.8
0 7.1 9.3 66.4 17.3 5.0 3.6
7 9.5 11.0 28.5 1.8 4.2 2.5
Late 3 9.4 11.6 33.6 0.1 4.3 2.2
0 8.9 11.9 28.1 0.4 4.3 0.7
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Table 6. Effect of the number of receptor leaves exposed to inductive long days on the development of the early

sdtrain.

A. The plants were grown in a green house from 1 Oct. to 1 Nov. 1965. They were then divided into three groups
by cutting off the (lamina) leaves except the receptor during the following long days to 28 Nov.
made 12 days after the end of the long days.

Observation was

B. The field grown plants of 50 days old were transferred in a green house and grouped into four categories by
cutting off the leaves except the receptors during the long days with supplemental night illumination of 1600 Ix or
500 Ix from 13 Jan. to 12 Feb. 1966 (30 days). Observation was made 21 days after the end of the long days.

A
Receptor No. of No. of leziv-e;s formed Length of the
leaves plants on the main axis main stem (mm) Floral stage
4th leaf 12 8.0+ 0.0 78.3+ 4.5 30
3.4th leaves 15 8.0+ 0.0 101.0+5.0 3.0
total leaves* 10 8.3+0.2 1420+ 46 4.0
total leaves** 12 8.0+ 0.0 256.7+ 6.9 3.0
*  Four leaves were expanded at the start of the long day.
**  The leaves were sprayed with 100 ppm of GA.
B
Receptor | Supplemental No. of No. of leaves on | Length of the Froral D W of the
leaves illumination (lx) plants the main axis main stem (mm) stages shoot (mg)
4th leaf 1600 8 8.0+ 0.0 226.7 4.1 186.7
500 B 8 8.9+ 0.1 218.7 4.0 200.0
total leave 1600 9 8.0+ 0.0 545.6 4.8 466 7
aves 500 7 9.0£00 | 502.5 5.0 550.0
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Fig. 8. Relative length of the leaf sheath parts (L.S.P.)
of the early and late straine of einkorn wheat at 21
days after application of GA and start of the long
day treatments (continuous illumination) (see Table
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