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Table 1. Analysis of variances for the eflects of various treatments
on lettuce seed germination in experiment I.
Ar Br Cr D1
Source df.  Ms. df.  MS. af.  Ms. df.  MS.
Time of exposure 5 62.2911** 5 721.5138** 3 892.9966** 5 1578.9436%**
Wave length 1 489.5380** 5 609.4361%* 1 6837.3228** 1 21334.1432**
Temperature 1  6852.1911** 1 3242.1325%* 2 1949.0107%* 1 2084.8100**
TimexW.1 5 49.2897** 5 497.8041** 3 927.3796** 5 1012.5961%**
W.LX Temp. 1 40.0587** 1 570.7094** 2 112.4237** 1 42.3474
Temp.X Time 5 18.9258** 5 241.6578** 6 24.3797 5 87.6817
TimeX W.1.X Temp. 5 38.1902%* 5 40.6931** 6 121.8142 5 118.5825%*
Replication 1 34.0481** 1 9.3016 1 5.2008 1 14.4980
Error 23 3.1475 23 45.4529 23 70.7029 23 36.0684
**k  gignificant at the 1% level
Table 2. Analysis of variances for the effects of various treatment under red
or far-red light exposure on lettuce seed germination in experiment I
Ax Br Ct Dt
source df. M.S. df. M.S. df. M.S. df. M.S.

within red

Time of exposure 5 86.1366 5 1154.3711% 3 1787.0563** 5 2530.0827**

Temperature 1 2797.6323%* 1 3266.6668** 2 492.7957 2 1357.5105

Temp.X Time 5 36.9310 5 198.4C17 6 146.4547 5 177.7033
within far-red

Time of exposure 5 11.6162 5 65.0755 3 33.3198 5 61.4569

Temperature 1  3824.6175** 1 546.8088* 2 398.1132* 1 769.6470%*

Temp. X time 5 34.0130 5 83.9566 6 65.0791 5 28.5108

REFORE B HHFHOERI RS B - LRI
o

—R B Rz e, Ar Br o&#Ti,
25°C BAH I AERBICRVEFER YR LY, Cr,
Dr 0%z, BEZELRD ORI o1,

Table 3. Linear regression coefficient of
germination rate (sin—14%) on
the duration of red light ex-
posure sec (in experiment I)

21°C ¥ X 00 25°C DIRE R 31 % BT (1) S
DORFRAELST, RRERENET LA LITLST
KRB, £OBATEBHCEL LT o Ehbn
5, TRHOLDOERFEHE»E Ai~Cr D 3 2OHIFHOM
SR UL, (BEORRENE L2, BB 30 7
Dl fetuE, RHERO LALGIBBTHEEELD
A,

FR &0 % & CORHFREHOMRE Y H B &, Ai~Dr
DEBRESDOWTFRIEESWTHETELY RS &

- Temperature TEedot, —F, BESRL, Ar~Di OWTFho
Duration of red S
light exposure 21°C 24°C 25°C B R OR S Th, 25°C OMEH 5% Fiuk
1% KETHEERKEVRFERY R LI,
Ar 02~10 116266 — 106533 i@#%mﬁésﬁﬁif ;%%mﬂﬂghéﬁ
Bt 2~10 4.3810 — 31700 =R R o
BECEE® ST xR LT3,
Cr 10~30 0.6670 17890  0.8725 B N
z, XA F T , R , 3
Dr 30~480 0.0761 — 0.0128 ! 8

O bOREEAIEMCER THH0T, REF
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Table 4. Analysis of variances for the effects of various treatmenst
on lettuce seed germination in experiment II.
Mean Square
Source %er%iedeorgf An B : Cu Dn
Time of exposure 4 60.1107** 198.2372%* 929.0285%* 1584.4279**
Wave length 1 79.7203** 511.9402%* 6916.2450%* 18039.5572**
Temperature 1 1061.5181** 1748.7418** 1113.7636** 899.2729**
Time X W.1. 4 39.0143** 139.0558** 632.2685%* 1156.0920**
W.L X Temp. 1 5.6625 28.7642 692.4760%* 2.6534
Temp.X Time 4 8.0145 11.7430 11.5883 64.3891
TimeX W.1.X Temp. 4 2.7567 19.6112** 81.0962** 31.9048
Replication 1 1.0890 0.2788 0.9987 0.00003
Error 19 7.1357 4.1653 12.3688 16.5532
**  gignificant at the 1% level
Table 5. Analysis of variances for the effects of various
treatment under red or far-red light exposure on
lettuce seed germination in experiment II.
M.S.
Source df An B Cut Dnx

Within red

Time of exposure 4 69.9751** 301.3022** 1500.0605** 8335.1362*

Temperature 1 390.3181** 664.4739%* 353.6405* 24.2881

Time X Temp. 4 3.2028 5.1310 22.7509 644.6481
Within far-red

Time of exposure 4 27.7709 39.8823 61.8823 31.7586

Temperature 1 742.6149%* 1113.0320%* 1452.5991** 999.6768**

Time X Temp. 4 11.8183 22.3318 10.9337 27.8973

**k % significant level at 5, 1%, respectively.

Linear regression coefficient of
germination rate (sin—14/%) on
the duration of red light ex-
posure (sec) (in experiment IT)

Table 6.

Duration of red Lemperature

light exposure 21°C 27°C
An 0.1~0.8 11.2542 7.6963
Bix 1~8 2.3484 1.9383
Cn 10~80 0.2898 0.1962
Do 100~ 800 0.0090 0.1432
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[ 'seeds Sample }—{ Water Content (9.3%) |
Imbibition for 3hr under complete darkness
[ water Content (112.8%”4J

Light Exposure for 3min.
Red. Far-red and Darkness

¥
r Drying seeds for 484r in dessicater ]

—5—
[ Warer Content (8.8%) ]

[ Germination test at room temperature (21-25C) |

Fig. 3. The method of experiment III.
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Table 7. Dark-germination following a dry condition after
light exposure treatmet
Light treatment Duration of dry condition (days) Regression coefficient
g eatme 0 1 2 3 4 5 7 8 9 10--180 b (sin—1y7%/day)
Darkness (control) 10 9 9 10 8 13 10 11 8 7 16 14 0.0204 +0.1253
Red (3 min) 8 89 90 83 80 9 71 82 75 80 85 80 0.0213 £ 0.0332
Far-red (3 min) 28 33 32 24 27 25 34 22 23 28 23 32 0.0159 £ 0.0164

Dark-germination rate of non-light-treated seeds; 36%
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Summary

The authors are engaged in the genetic studies
of the light-mediated seed germination in a few
cultivated plants. In order to conduct these stu-
dies with sufficient accuracy, it becomes necessary
to clarify the interaction of the light-mediated
pathway of germination with other internal and/
or external environmental conditions.

The main purpose of this experiment is to
elucidate the influences of wave length of light,
duration of light exposure and temperature on
the seed germination of lettuce (Lactuca sativa L.,
cultivar Grand Rapids). Furthermore, the authors
attended to investigate the causes giving rise to
the inconsistency between results of germination
tests which may many investigaters encounter
even when the tests are conducted under the same
environmental conditions with identical materials.
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The resuls of experiment I (in 1973) and experi-
ment II (in 1974) are summarized as follows:

The samples of seeds exposed to red light (ab-
breivated as R) showed a higher germination rate
than those exposed to far-red (abbreviated as FR)
or untreated with light exposure.

Each experiment was divided into 4 different
groups based on length of ligth of light exposure;
A (below 1 second), B (0—10 seconds), C (0—30
seconds), D (0—480 seconds).
consisted of 4-6 classes of duration of light expo-

Each group also

sure and two different temperature treatment as
shown in Fig. 1 and 2. Within each group, the
germination rate increased linerly as the duration
of exposure to R became longer (Fig. 1, 2 and
Table 3, 4).

The length of exposure to FR did not show
any definite relation with the germination rate.
In this case, the influence of temperature was
conspicuous as in the case of R. This suggests

the existence of a temperature-mediated pathway.
The optimum temperature for this pathway may
be around 25°C as shown in Fig. 1 and 2.

If the seed of this cultivar begins to germinate
by the fulfilment of a definite rate of content of
P, these results would suggest that the pre-
existent rate of content of Py, prior to light
exposure treatment may be different among seeds,
and the seed suplemented with a short quantity
of Ps. by means of R-exposure may start the
germination in rapid succession.

Experiment III showed that the storage for
considerably long periods under dry conditions
after light exposure treatment did not diminish
the influence of light-ekposure treatment (Table 7)
This result suggests that the internal and external
conditions before light exposure treatment must
be taken into consideration to obtain consistent
results of germination tests of this cultivar, Grand
Rapids.



