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Studies on Diurnal Variation of Rooting Activity in Rice

Seedlings and Its Practical Application
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(1) INTRODUCTION

Among several favorable conditions for the transplantation of seedlings in paddy
field, it is important that the growth of new crown roots occurs rapidly and much
on the seedlings, for the crown roots which hasten to grow long in paddy soil can
seat the seedlings vividly to the soil.

Regarding what character of the seedlings is favorable for rooting, SATO’s
experiments (Kenkiti Sato, 1941 and 1946) pointed out markedly the growth stage
of themselves which had a close connection with as well these elapsed days in seed-
bed from sowing to picking (sesd-bed period) as the rate of sown density.

Other factors that affect upon rooting, for instance, the photosynthesis and the
respiration in day-time or night which variate in accordance with the time of picking
and that of transplantation and the weather of those interval, should be investigated
with considerable attention.

The present papers have a purpose to report about the studies of rice seedlings
on their diurnal fluctuation of rooting activity which accords with the light or the
temperature, and on the results of experimental culture done as an application of the
activity, moreover others concerned.

The works are not yet completed, but once here the informations up to the

present are reported.
() MATERIALS AND METHODS

1. Measurement of rooting activity

1) Shortly after random sampling of seedlings by means of picking from
seed-bed, the crown roots remained were pruned off, the seedlings were put into
beakers with the tap water of 2 cm depth. They were placed on the glass—rings in
the beakers and entered into a thermostat of dark and 28~30°C.

ii) Instead of the beakers, the seed-bed was brought in use,‘ where the irrigated
water was flooded. )

iii) Total length of the newly developed roots per seedling was caught for the
indication of rooting activity, and thickness of them (cf. Fig. 1) was neglected, for
the accurate measurement of it on many roots in a short time was impossible.

2. Keeping of seedlings ’
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The places and the methods of
keeping during hours from picking to
transplantation were as follows : —

i) The seedlings were kept in a
seed—-bed maintaining old crown roots
in the flooded water.

ii) They were put in the beakers
with water of nursery; and at night,

the beakers were entered into the dark

; . X Fig. 1 Different thickness of root.
thermostats of high (28~30°C) or low Left and right are in a similar magnification

(5~7°C) temperature.
.3. Measurement of weight and technigue of chemical analysis

i) Fresh weight of the seedlings was measured afterwards the pruning of old
roots, of old traces of seed, and the giving a good wash.

ii) To weigh: the dry matter, the seedlings removing the old roots or hulls, were:
put in a drying thermostat of 65°~70°C until the weight came to constant.

iii) Total sugar involved in the seedlings was analysed by means of Bertrand’s:
technique.

4. Experimental cultivation in paddy field

There were so combined the time of picking with the time of transplantation
according to “Latin square arrangement ”, that four kinds of plots were made per
variety, ie. as follws: —

MM : picking in the morning and transplantation in the morning.

ME : picking in the morning and transplantation in the evening.

EE : picking in the évening and transplantation in the evening.

EM : picking in the evening and transplantation in the morning.

On the other hand, with the purpose to study the effect of i’ooting activity on
interplant competition or individual competition, the mixed planting was done in both
MM and EE.

() ROOTING ACTIVITY AND ITS DIURNAL VARIATION
1. Diurnal fluctuation of rooting activity in rice varieties

In this experiment, the compafison about the rooting activity between the seed--
lings picked off in the morning and those in the afternoon was dealt with.

Rice varieties employed were 14 of japonica type that privately bred in SHONAI

district, and one diploid indice type (2x of Ko6nan-t6), one autotetraploid ind«ca type-

(4x of Konan-to)-
Picking of seedlings was done at 7.30 a.m. of April 28 and 29, and at 16.30 p.m.
of April 27 and 28, when the seed-bed period was 25~27 days.

Just at picking, residual old roots were pruned off, seedlings were transplanted

in the beakers with thin tap water, entered into a dark thermostat of 30°C.
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Measurement of the length of renewed roots was done on 48 hours after trans-

plantation. MM : picking in the morning and transplantation in the morning. EE :

Table 1,
Total length of renewed roots per seedling, mm

Name of variety | MM | EE | RN
Daikoku~wase 39.0 | 644 65.1
Fukubodzu 74.2 | 86.7 17.2
Hiedachi-ine 32.7 | 36.7 12.2
Hikotard-mochi 47.2 | 83.7 7.3
1go : 59.0 | 70.7 11.0
Kameno-o 69.2 | 78.8 13.8
Konda-mochi 36.0 | 64.5. 79.2
Omiya-nishiki 43.6 | 70.2 61.0
Shikishima 61.3 | 69.8 13.8
Showa-nigd 54.6 | 69.4 271
Tamanoi 32.1 | 524 '63.2
Toyokuni 46.0 | 80.3 74.5
Udoshi-wase 438 | 71.8 63.9
‘Wase-aikoku 59.5 | 57.5 -3.3
Konan-to (2x) 45.0 | 60.2 33.8
Konan-to (4x) 3.0 1836.6

‘ 58.1

picking in the evening and trans-
plantation in the evening.

According to Table 1, all
varieties except one showed that
the activity of the seedlings pick-
ed in the afternoon were superior
to that of those in the morning.
Varietal superiority calculated,
that was (EE-MM)/MM, reached
in japonica type above 60% or
below 30%, while in indica type
2x reached just 33.8% and 4x
which had larger cells in a tissue
reached 1836.6%.

2. Diurnal fluctuation of rooting activity of seedlings which were grown up

under various types of seed-bed and various habitats

. The methods to determine the rooting activity were mostly like as the above
experiment except the maintenance of picked seedlings for about 6 hours in the dark

vessels, in which the temperature resembled that of air.

The varieties and the developmental stages of seedlings were shown in Table 2.

Semi-irrigated warm bed written in the table is an intermediate type of land-bed
and flooded-bed, and is protected from cold temperature with papsr or film in the pri-

mary stage of seedlings.

Table 2 Develoomental stages of seedlings shown as ‘ Leaf stage” of main stem

Habitat ’ Coastal plain ’ Basin

Type of bed ‘ ol ‘ Flooded bed | Semi-irrig ‘ Flooded bed
Vars, name ‘ M) E(E) ‘ MM) E(E) I MM) E(E) ‘ M(M) E(E)
Norin No. 46 6.80 6.60 — | 5.72 5.76 — —
Norin No. 41 — — — | 6.70 6.12 | 5.76 5.62
Obanazawa No. 1 7.00 6.70 — | 6.00 6.00 | 5.10 5.54
Fukubozu | = - | —| 620 6.04 | 5.10 5.16
Note : 1. Coastal plain and Basin lie in Yamagata Pref. Japan

2. (

) signifies the pre-arrangement of transplantation

The experimental results carried out with the materials shown in Tab. 2, are
described in Table 3. »
By means of “EE-MM ” or (EE-MM)/MM, the increased activity of rooting of
EE can be calculated as next table.
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Table 3 Rooting activity in accordance with habitat of seedlings and with type of
seed-bed. (Total length of renswed roots per seedling, mm)

Habitat ‘ Coastal plain ‘ Basin

Type of bed

Semi-irrig. | P Yed ’ Semi-irrig. Flooded bed

warm bed | warm bed i
MM  EE [ MM

=

Vars. name \ E I MM EE ( MM EE

Norin No. 46 61.1 58.8 | 27.1 L -

Norin No. 41 2 LRl 627 | 787 9.2 | 230 69.7

Obanazawa No. 1 55.8 61.8 | 44.7 49.5 92.0 219.3 172 80.4

Fedelizts | = 2| 590 862 | 902 1933 | 23.0 70.9

Meas | 58.5 60.3 ’ 45.1 60.8 } 79.8 1705 | 21.1 737
} 83h ‘ 128h } 75b 55h

Hours in thermostat

Table 4 Increased activity of EE-seedling .

Habitat - } Coastal plain l Basin
T i Semi-irrig. Semi-irrig.
Type of bed r watan: Bed ‘ Flooded bed ‘ warm bed } Flooded bed
\ Difference [Differ. Percent. Differ.  Parcent.Differ. Percent.Differ. Percents
Vars. name \ (mm) (26) | (mm) (%) ] (mm) (%) | (mm) (%)
Norin No. 46 -2.3 =37 17.6 64.9 | 114.6 196.6 e —
Norin No. 41 — — 10.9 21.0 17.5 22:3 46.7 203.0
Obanazawa No. 1 6.0 10.7 4.8 10.7 | 127.3 1383 | 63.2 3674
Fukubozu = — 27.2 46.1 | 103.1 114.3 | 47.9 208.2
Mean | 18 35| 15. 35.7 | 907  11%9 | 526 2595

According to Table 4, the seedlings grown up in a basin can have greater diffe-
rence between MM and EFE, than those grown up in a coastal plain of the same
latitude. | ‘ :

This fact is presumed, having relation to the amount of substances based on
photosynthesis in the seedlings, to be resulted from the characteristics of the basin
weather.

In Table 4, comparing mean percentages of four columns each other, the seed-
lings bred in the flooded bed exceeded seemingly those bred in the semi-irrigated
warm bed.

3. Rooting activity in accqrdance with various temperatures of night

The diurnal fluctuation of rooting activity seen in a dark place as mentioned
above are consisted of the inferiority of the “Morning picking” and the superiority
of the “ Evening picking . One of the reasons why the seedlings belonging to the
former are inferior to those: belonging to the latter must be the dissimilation by
respiration in the night preceding to picking. :

The temperature of seed-bed at night will affect on the degree of respiration
of the seedlings, consequently on the residuals of it at next morning when the picking
is done.

The experiment was carried out by next means : — the irrigated water was drawed
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in two beakers, in which the seedlings were put being picked in the evening with
the residual crown roots remaining. One beaker was entered into higher temperature
(28~30°C), the other was entered into lower temperature (5~7°C). Next morning,
those were brought in experiment by means readily mentioned.

The rice varieties employed were Norin No. 46 and Norin No. 41 and Kyoden—
mochi.

The results by the measurement on 50 hours after transplantation in beakers
were shown in Table 5 and Table 6.

Table 5 Night temp. and rooting activity Table 6
(Length per seedling, mm) Rooting activity of Kyoden-mochi in
== | Norin No. 46 | Norin No. 41 accordance with night temperature
) —_— . —_— (Length per seedling, mm)
\\nght temp. ’ High Low | High Low

| B0 60| 600 61C)  Night 1‘High temp.‘ Lowtemp.

1st Exp. (June 1) | 40.6 79.6 | 34.2 111.8 \temp. (28~30°C) (5~T7°C)
2nd Exp. (June 2) | 78.2 08.8 | 58.0 95.6 -
Mean 594 852|461 1031 Length o ts | 030 | 9%0
Table 7 (Low-High)/High, % '~ With Table 5 and Table 6, such rate as (Low-—
H 3 1 ) 1 7
Norin No. 46 434 High)/High can be calculated as shown in Table 7.
Norin No. 41 1249 According to above three tables, the low tempera-
Kyoden-mochi 49.2

ture’ in the night lets the seedlings remain these

rooting activity, but on the contrary the high temperature is consumptive for it.

The outside view of these seedlings was in the former dry by dehydration, in
the latter soft by hydration.

Varietal differences in rooting activity are able to be seen, for instance, Norin
No. 41 loses most in all the activity in the high temperature of the night. This type
should adapt to the coastal region where the temperature of night is warm.

There should be a correspondence between the diminution of activity in warm
night and the remainder of it in cold night.

4, Rooting activity of seedlings which were kept in seed-bed

In both cases of picking in morning for transplantation in evening (ME) and of
picking in evening for transplantation in next morning (EM), the picked seedlings are
ordinarily kept in the seed-bed with those roots bathing the flooded-water. Con-
sequently the keeping is done in the day or in the night.

Present experiment aimed to determine the effects of keeping of the seedlings
on the rooting activity of themselves.

“ Morning and morning ” (MM): pick at 5.30 a.m., prune off the roots, wash and
immediately transplant in a beaker in the morning. “ Morning and Evening” (ME):
pick at 5.30 a.m., keep in seed-bed, prune off the roots and wash at 17.30 p.m., and
immediately transplant in a beaker in the evening. “Evening and Evening” (EE):
pick at 17.30 p.m., prune off the roots, wash, and immediately transplant in a beaker
in the evening. “ Evening and Morning ” (EM): pick at 17.30 p.m., keep in seed-bed
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throughout the night, prune off the roots and wash at 5.30 am., and immediately

transplant in a beaker in the morning.

Table 8 Rooting activity of MM, ME, EE and EM. (Total length per seedling, mm, in two days)

| MM ME l EE EM
{ Norin Norin | Norin Norin | Norin Norin | Norin Norin
ING.46  No.41/No.46 . No.41/No.46  No.4l|No.46 . No.41
st exp. (cloudy) l 300 - 2121026 103.8 | 78.5 783 | 385 24.6
2nd exp. (fine) [ 324 37.2 | 137.8 140.6 | 113.6 86.2 l 42.3 384
Mean | 30.2 1212 - 89.2 1 35.9

In the leaf stage of a main stem in 1st exp. Norin No. 46 and Norin No. 41
were mostly same, while in 2nd exp. Norin No. 46 was senior to Norlin No. 41.

The results in Table 8 show that ME had the most vigorous rooting, and the
sequence from superiority to inferiority was ‘ME>EE>EM>MM (cf. Fig. 2), more-
over the fine weather brought more rooting ability :
on the seedlings than the cioudy weather. 8\

The greatest activity appeared in ME would i
be related with a wound-hormone produced in the
day-time during its keeping period.

When it is fine and cold in the night, the dis-
similation may be so retarded that the carbo-
hydrates produced in the fine day—iime can remain
toward morning, but if it is cloudy and warm, the
matter may become contrary.

The greater activity of EE is due to its con-
tents, especially to the carbohydrates produced by
photosynthesis till its picking-time.

The rooting activity of EM may solely depend
upon the residuals of dissimilation in the night,
while that of MM will depend upon both residuals
of dissimilation and of growth in the night; thus

having no relation to the weather, MM should be
inferior to EM in the rooting as seen in the ex-
periment.

According to the difference between EE and

MM

ME EE
Fig. 2 Rooting activity
@® : Norin No. 46
O : Norin No. 11 ‘
—— cloudy ;
- -- fine

EM or EE and MM under cloudy night, Norin No. 41 losed the rooting activity during

the night more than Norin No, 46.

5. Effects of chemical substances on diurnal fluctuation of rooting activity

in rice seedlings

Chemical substances used here were Ammonium-sulfate, o«—Naphthalene acetic

acid and 2-4-D.

i) Ammonium-sulfate
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It belongs to a common matter that this manure is supplementally given to the

seedlings in rice nursery. ‘
This supplement was experimetally given at 10.00 a.m. in a day to the flooded
bed 15 gm per “ Tsubo ”, and then the seedlings were successionally picked at followed

Table 9
Rooting followed late manuring by (NHy): SOy for supplement

. Leaf stage Root length .
Dfatg i?d tlmg Norin  Norin | Norin Norin | &
ety | No. 46 No. 41| No. 46 No. 41 en
ransplantation Garira’ -
19/V 18 4.0 &0 2.398 13.312 EE
20/V 6 41 4.0 3.400 15.695 MM
20/V 18 4.1 4.0 23.200 26.980 EE
21/V 6 4.1 4.0 6.300 11.086 MM
21/V 18 4.2 4.1 43.200 37.752 EE
22/V 6 4.3 4.1 10.222 31.320 MM
22/V 18 4.4 4.2 85.272 77.580 EE
23/V 6 4.4 4.3 13.200 32,512 MM

Note : each root length was measured on 72 hours after trans-
plantation, and the samples were the seedlings grown up in the

flooded bed.

rous rootihg arises, especially in EE.
Norin No. 41 is seen to be more insensitive to the manure than Norin No. 46. -
ii) a-Naphthalen acetic acid and 2<4-D
The seedlings were picked, root-chipped, and washed, then absorbed for 20 minu-

tes 0.05 % solution of a-phytohormone or of 2¢4-D. The treated seedlings were again

washed by water and put in the beakers, entered into a thermostat of 28°C.

every evening and every
morning.

According to Table
9, (NH,).SO, supplemen-
tally given to the seed—
bed inhibits the rooting
for a few days and shor-
tens the difference bet-
ween MM and EE, but
with the lapse of the
day the inhibition dis-

- appears and the vigo-

The samples were the rice seedlings grown up in a semi-irrigated warm bed.

Table 10 Roeoting activity of seedlings in the case of application with a—hormone and 2+4-D

(On 72 hours after transplantation)

. Leaf stage Norin No:. 46 Norin No. 41
gati andt time of Norin ‘ Norin a-hormone 2¢4-D a-hormeone | 2:4-D
catmen No. 46 | No. 41 (mm) (mm) (mm) | (mm)
21/V 17.30 (EE) 493 | 531 11.75 1.80 1610 | 335
22/V 530 (MM) 5.38 5.51 2.95 0.40 13.60 2.15
22/V 17.30 (EE) 5.23 5.66 31.70 1.10 30.55 5.90
23/V 530 (MM) 5.32 5.72 0.30 0.00 8.40 2.50
23/V 1730 (EE) 543 5.70 13.10 0.40 24.65 275
24/V  5.30 (MM) 5.66 [ 5.89 2.55 0.00 4.60 [ 0.30
24/V 1730 (EE) 575 | 598 10.15 1.00 20.85 1.05
25/V 530 (MM 616 | 59 403 0.30 060 | 1.0
Mean{EE 16.68 1.08 2304 | 3.6
*ean MM 2.46 0.18 905 | 149

According to Table 10, the diurnal fluctuation of rooting activity is remarkable

in each variety and in a-phytohormone treatment, but not in 2¢4-D. 2¢4-D injures as

worse the seedlings picked in the morning as those picked in the evening.
In the present results in Table 10, Norin No. 41 was so superior in rooting acti-
vity to Norin No. 46 throughout the evening and the morning, that the former variety
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was seen to have more mm
amount of carbohydrates in 30

the plant than the latter. 2s
6. Renewed rootinseed- 20
bed soil 15

The rooting of rice seed- 10

45

lings is able to take place as ) i E
well in the seed-bed as in © i ] |
the beaker. The seed-bed is E m E ™M | S i E I‘h:‘i
" % : ! E ™M E ™M E
light by sunshine during the E s A T )
day, while the beaker is con- Date in May 22 23 24
stantly dark by the shut Fig. 3 Diunal fluctuation of rooting activity

O] : Norin No. 41 @= : Norin No. 46
thermostat. O@ : a-hormone treatment i : 2+4-D treatment

The place for transplan- mm : Total length of renewed roots per seedling

tation in this expe1j1ment Table 11
was the seed-bed soil, and Renewed roots of seedlings returned back to seed-bed
thefe s wasmo wind ont it. without old roots. (Total length per seedling, mm., in two days)

Norin No. 46 i Norin No. 41
MM EE | MM EE

The transplantation in ition \ Name of variety,
i g ggnggilon \tlm-e of picking
’ and transplantation

MM of this case so resem-
bles the keeping in ME, Sunshine ‘ 51.6 35.3’ 562 414

L Artificial shade 36.0 384 | 41.1 43.7
that under sunshine the

seedlings can enlarge the rooting. But on the contrary, MM in a shade could not
increase so much activity as MM exposed to sunshine.

The fact as above suggests the birth of wound-hormone under sunshine in the

day-time, and shows that MM (morning picking and morning transplantation) that
showed the inferiority in a dark thermostat, can raise the rooting activity in such
a condition as the suniight shinés on the transplanted seedlings and as the wind does
not make them wither. . '
7. Summary

The rooting activity and its diurnal fluctuation was studied with the samples of
rice seedlings grown up and treated in several kinds of conditions, and the itemized
data were shown in Table 1~11.

Throughout the data obtained, the rooting activity was conformable with the

diurnal darkness and the temperature before and behind picking and transpl»antation.k

In every case of the present experiments the darkness was apt to let the rooting
activity to decrease, but the light was conirary, and the temperature of somewhat
high played to promote the decrease under darkness and the increase under light.

Moreover, there was found such a factor as affected on the rooting activity, and

as appeared in accordance with the picking in the morning and with the keeping du~

ring a day-—-time under sunshine.
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The separation of roots from the soil could always prevent the growth of plant
and the decrease of the rooting activity.

It is obvious that the diurnal fluctuation of rooting activity in rice seedlings is

riginated in the photoperiodical and thermoperiodical range in a day.

The role of light or darkness and temperature as mentioned above was funda-
mental, and the late manure by (NH,),SO, in seed-bed, the absorption of a~Naphtha-
len acetic acid or of 2+4-D somewhat modified it.

(IV) DRY MATTER PERCENTAGE
1. Dry matter percentage in accordance with various temperatures of night

The temperature of seed-bed or the place where the rice seedlings are kept must
affect as well upon the amount of substances in their bodies as on the rooting activities.

The relation between the temperature in the night when the seedlings were kept
in beakers and the dry matter percentage of the plants was investigated and shown

Table 12 Night temperature and dry matter percentage. in Table 12.

(Var. : Kyoden-mochi) : According to Table
\ Nigth | Outdoor High temp. | Low temp. 12,  the seedlings past
temp. in seed-bed (30°C) (5°~17°C) ’ s .
a high temperature in
Of 50 seedlings ;

Freshesvt.mggm. 16.0 18.2 14.0 the night consumed the

Dry wt. gm. 3.l 3.0 3.2 1 G
Dry matter percent. 19.37 16.48 22.85 dry matter more than

those past a low tem-
perature. This fact has a close relationship to the superior rooting of the seedlings
which were kept under low temperature in the night, cf. Table 5 and Table 6.
2. Dry matter percentage of seedlings which were kept in seed-bed accom.
panying no transplantation
MM, ME, EE and EM signify almost the same to those of Table 8. The dry
matter percentages of those seedlings were obtained as next table.

Table 13 Dry matter percent. of MM, ME, EE and EM
A/,g/\ﬁ \ Sewle | MM | ME | EE  EM
(%) @) | (%) | (%)

Variety

Norim  No. ' 46 | 1230 | 1582 | 1667 | 1639

Norin No. 41 [ 1751 | 17.90 i 18.81 ’ 18.00
Mean | 14.91‘ 16.86‘ 17.741 17.20

Accoding to Table 13 and Fig. 4 the sequence
is EE>EM>ME>MM in every variety.
This sequence does not completety agree with

MM ME EE EM . e . X
S8 by medbr menentae that of rooting actxvxty in Table 8.
@ : Norin No. 46 The fact that EM (seedlings picked in the

£+ Hottn, Ho- 41 evening, being kept throughout a night, dried on

next morning) was less than EE (seedlings picked in the evening and dried on that
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evening) shows the keeping throughout a night always brings a decrease of the dry
matters in the plant, because, presumably, of the dissimilation at night.

MM (seedlings picked in the morning and dried on that morning) decreased far

more than EM because, perhaps, of the consumption for the growth of roots in
the soil. %
ME (seedlings picked in the morning, being kept during a day-time, dried on
that evening) could aquire the dry matter exceedingly over MM because, perhaps, of
a receipt of sunlight during a day-time, but could not increase it over EE.

Throughout the samples, Norin No. 41 was superior to Norin No. 46 in this case.

3. Summary

Temperature of the night during which keeping of seedlings was done influenced
significantly upon the dry matter percentage of them, for instance, the high tempera-
ture let the percentage to decrease, but the low temperature not always did.

The seedlings picked in the morning and kept in seed-bed during a day-time
had an increase of the dry matter percentage over those treated in the morning
accompahying no keeping. .

The seedlings picked in the evening and kept during a dark night had a decrease-
of the dry matter percentage under those treated in the evening accompanying no-
keeping.

Dry matter percentage had as well photo- and thermo-sensitiveness as the rooting
activity, but did not agree with the rooting actiivity in the degree of sensitiveness..

The rooting activity of the seedlings which were kept in seed-bed after picking
of morning could predominate exceedingly (cf. Table 8), but the dry matter percentage-
of those showed to be little, because of, seemingly, absense of wound-hormone to-
the dry matter and the presense of it to the rooting.

(V) SUGAR CONTENTS IN RICE SEEDLINGS

Total sugar percentage was derived from the dry matter by means of Bertrand’s:
method.

1. Diurnal range of total sugar percentage

At 530 am., 10.00 a.m., 14.00 p.m., and 18.00 p.m. in a semi~fine day, the seed--
lings were taken by picking from seed-bed, washed by water reinoving the old roots
and hulls, and dried in a thermostat of 70°C, and milled, then dried to extreme in.

100°C, to know the moisture content. Table 14

Diurnal range of total sugar percentage (At 10
sisted of 50 individuals carried into o4 of water content) .

the analytic device.

The meal of each sample being con-

Time \| Name of | Norin No. 46 | Norin No. 41

According to the results in Table of picking * variety (%) (%)

14, diurnal range of total sugar 5.30 184 159
1 R 10.00 19.1 162

percentage in a day is remarkable. 14.00 19.7 2459
Resembling the air temperature, the citi i 100
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sugar content in rice seedlings reached a maximum around 14.00 p.m. and a minimum
in the early morning, and came down evidently toward the evening.
In Table 14, there can be found a difference between two varieties as that the
diurnal range of Norin No. 41 is more steep than that of Norin No. 46.
2. Variation of total sugar percentage in accordance with time of picking
and with keeping
The samples in this experiment were as foilows: —
MM : picked in the morning (6.00 a.m.) and dried on that morning.
ME: picked in the morning, kept in seed-bed during the day-time and dried on the
evening (18.00 p.m.). _
EE: picked in the evening (18.00 p.m.) and dried on that evening.
EM : picked in the evening, kept in seed-bed during the night and dried on the next
morning (6.00 a.m.) '

Table 15 Percentage of total sugar in MM, ME, EE, EM. (At 10 % of water content)

\ Sample ‘ MM ‘ ME { EE 1 EM
Variety | (28) (25) (26) (%)
Norin No. 46 (grown up in coastal plam) 18.9 | 18.7 22.3 21.0
7 (grown up in basin) 17.1 19.6 21.8 19.6

Norin No. 41 (grown up in coastal plain) 17.3 17.5 23.0 225
Mean ' 17.8 [ 186 ) 224 } 21.0

Each value in relation to the percentage of total sugar in Table 15 behaved mostly
simiarly to that of dry matter percentage in Table 13.

Next, the effect of the temperature of a night, throughout which the seedlings
were kept, upon the percentage of total sugar in EM (evening picking for morning
dry) was investigated, and the result was shown in Table 16. In this investigation,
the control was EE (evening picking for evening dry). The seedlings of EM were
devided into two parts, the one was entered into the high temperature throughout a

Tabie 16 night and the other was entered into the low tempera:

Night temp. and total sugar ture.
percent. (Var. Kyoden—mochi. At

According to the figures shown in Table 16, the
10 26 of watar content)

keeping throughout a night made the percentage of total

EE 28~30°C [ °~7OC sugar to decrease, to a large degree in a high tempera-

(28) (%)
30.9 } 25.0 i 303 ture and to a small degree in a low temperatute.

3. Summary

After the similar sequencé of values in relation to the total sugar percentage to
that of dry matter percentage, it is concluded that the total sugar in rice seedlings
is most effective on the dry matter.

The total sugar percentage had not a close correlation with the rooting activity,
for instance, the sequence of the values of total sugar percentage was EE>EM >
ME>MM, while that of rooting activity was ME>EE>EM >MM.
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The figures in Table 14, which showed a diurnal range of total sugar percentage,
behaved to agree with that of air temperature.

The temperature of a night throughout which the keeping of seedlings were done
affected upon the percentage of total sugar in them; a high temperature let the
percentage to decrease heavily and a low temperature let it to decrease lightly.

Herein is additionally shown the
relationship of sugar contents to the

dry matter and ‘the rooting activity zsz /g Iz’t)
with a test-figure (Fig. 5).
(V) GROWTH IN PADDY
FlELD 20 /6 80

o PAreIiminary experiment

The plots were MM and EE, (MM : & L o
picking at 8.30~9.00 a.m. and trans-
plantation at 9.00~10.00 a.m., EE: MM X P;E EE EM

ig.

picking at 14.30~15.00 p.m. and trans-
plantation at 15.00~16.00 p.m.).
The transplanting density of each

S: Total sugar percentage
D: Dry matter percentage
R : Total length of roots per seedling (mm)

plot was 3 individuals a hill in 23 x24 cm?.

Table 17 Changing phases of number of tillers per hill. (Variety : Norin No. 46)

\\Date l June J June | July | July \ July ‘ August August

Plot [R50 Ol (0 30 10 20
MM 7.5 16.1 234 224 20.7 s 16.2
EE 10.9 20.2 26.2 25.6 24.3 _ 20.8 19.3

According to Table 17, MM was inferior to EE already in the beginning of tillering,
and this transmitted to the last.

The number of ears per hill was shown in Table 18, with Which the mean length

of stems and ears, and the mean ;
Table 18 Growth quantity

o e .
value of yield per 10 a. were written. (Variety : Norin No. 46)

The inferiority of MM in the

\ Plot

number of tillers was so successively Item \ { Lo | B
kept on the number of ears and on Number of ears 15.9 19.0
; Length of stem (cm) 81.03 81.39
the yield as to reduce. Length of ear (cm) 15.43 | 15.54
It is presumably concluded that ~ Grain yield (K02 of vough) | 5076 3246

the seedlings belonged to MM had

small activity of rooting and stood so lately in paddy field, while those of EE had
large activity and stood so early there, that the growth quantity of the former at
the goal was inferior to that of the latter.

2. Result in Latin Square System on the number of tiilers

The kinds of plot in paddy field laid in accordance with “Lattin Sguare System ™
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were as follows: —

TR E (B B1%5

FEAE

MM;~MM, : morning picking (at 5.30~7.30 a.m.) for morning transplantation

ME:~ME,: morning picking for evening transplantation (at 17.00~19.00 p.m.)

EE;~EE,: evening picking (at 17.00~19.00 p.m.) for evening transplantation

Table 19

Number of tillers or ears per 10 hills. (Variety : Norin No. 41)

tillers
V
Ve
Va

ears

ditto

ditto

ditto

(June 22)
(July 6)
(July 13)
(July 20)

) EM]

MMI

119
215

180
ME,

130
244

204
EE,

137
254

203

116
259

237

127 153
264 299
297 —
295 —
215 225
112 149
231 280
254 e
266 —
202 228
ME, M5
149 119
2117 247
298 =
301 .
222 194
EE, ME;
130 126
249 255
280 —
280 p—
196 233

| ME,
} 145
|2

216
EE4

155
268

195
| EM,

130
249

213
MM,

92
213

' 191

Note : planting density is 3 individuals a hill in 23 x 24 cm?

EM;~EM,: evening pic-
king for morning
transplantation.

The results of mea~
surement in relation to
the number of tillers
and to the number of
ears from the biginning
of growth to the matu-
rity are shown in Table
19.

With the data on
June 22 in Table 19, the
analysis of variance was
carried out as next table.

According to Ta-
ble 20, the differences
among plots were re-
markably  significant.
Then the real differen-
ces are able to be esti-

Table 20 Analysis of variance in relation to the number of growing tillers on June 22

Sum of Degree of : Variance -
Item square freedom Variance ratio Probability
(S.S) (N) (S.8./N) F) Lt
. oW 1148.19 3 4.89 almost 0.05
i { Columnn 260.19 3 s 110 | >020
eI | Kind of plot 2498.19 3 832:73 10.64 0.01~0.001
(Interaction)
Error 469.37 6 78.23
Total 4375.94 15

mated as seen in Table 21.
In Table 21, the sequence from superiority to inferiority was determined distinctly
to be EE>ME>EM >MM. This agrees with EE>MM in Table 17 and the sequence
between EE and MM of rooting adtivity. '
With the data measured on July 6, the real differences among four kinds of plot

were estimated as written in Table 22.

In this case also, the sequence from superiority to inferiority was EE>EM>
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ME>MM, and MM Table 21 ) Table 22
] Kkabl Differences among plots in Differences among plots in
was remarxably relation to the number of til- relation to the number of til-
less than others, lers measured on June 22 lers measured on July 6
while there was ;MM ‘ ME | EE | EM (MM 1 ME | EE { EM
found less signi-

i 02| 145 155 | 130 : 213 | 272| 268 | 249
ficant  difference 119 | 126 | 153 | 149 247 | 255 | 299 | 280

5 112 149 130 127 g 231 217 249 264

among four kinds 119 | 130 | 137 | 116 215 | 244 | 254 | 259
foidaky iy Foe 442[ 550 | 575[ 522 Sum | 906 ’ 1048 | 1070 | 1052
case of June 22.

3. Rooting activity affecting on competition
The rooting activities of the seedlings shown in Table 10 by Norin No. 41 (variety
name) were superior to those by Norin No. 46 (variety name) in both cases of EE
and MM (EE: picked in the evening and transplanted in the evening in a beaker;
MM : picked in the morning and transplanted in the morning in a beaker).
Those seedlings, without pruning the roots and without treatment by chemical
substances, were transplanted in paddy field according to next manner.
solely planted No. 41 -+ two individuals of Norin No. 41 were transplanted

MM at a same hill. (Varietal separation with Norin
and No. 41)
EE solely planted No. 46 --- ditto except the variety

MIXed [ iositsisie wenss g (No. 41+No. 46): each one of two verieties was

transplanted at a same hill. (Varietal mixture with
Norin No. 41 and Norin No. 46)
At harvest for sampling, the hills were pulled off, and these subsoil parts were
washed with water, and separated to each individual for investigation.

Table 23 Number of ears per individual

MM EE
Sloerions Solely Mixed Solely | Solely Mixed Solely
P planted | ——— | planted | planted | | planted
No. 41 | No. 41 | No. 46 | No. 46 | No. 41 | No. 41 i No. 46 | No. 46
Number of ears 9.55 } 12.00 ‘ 8.22 | 8.80 | 9.80 \ 10.40 ‘ 8.80 ‘ 11.65
Sl A g2 00103 o.zz o.zz o.zos
difference (t —test) 001 0001 06 0.1 0% - 001

According to Table 23, the number of ears of Norin No. 41 increased remarkably
in mixed planting of MM, and those of Norin No. 46 decreased remarkably in mixed
planting of EE. Moreover, Norin No. 46 was surely weak in the competi'ion regarding
to the ear produdtion in both cases of MM mixture and EE mixture.

This fact is presumably caused by a difference in relation to the rooting activity
at the time of transplantation.

4. Tillers and yield.
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Early and vigorous rooting of the transplanted seedlings in paddy field brings on
rice plant so early the development of tillers that these number in the hills becomes
many (cf. Table 17, 19, 20, 21, 22, 23), but all of them can not always emerge the ears.

The number of earless uneffective tillers born in the period of maximum-tiller
stage may usually respond to several conditions, and the number of uneffective tillers
has not always a relationship with total number of tillers. A case as shown in Table

17 and Table 18 as that the number of tillers in the beginning of tillering transmitted

" independent to the number of ears.

to the last and to the number of ears, is a special case in a very favorable condition.

30

25 Z
oy

B

20 @
o,

15 <
@
@

i0

22 [ 1T - 20
Date

Fig. 6 Variety : Norin No. 41
Vertical lines : uneffective tillers with
failure of heading.
Number is per hill ; each hill is consisted
of 3 individuals

Generally the number of tillers is seen to be

Under such an unfavorable condition as

it was cool in temperature and rare in shining,
the rice plants of each experimental plot (=
MM, ME, EE, EM) had an characteristical
process respectively in uneffective tillering.

MM that was most inferior in tiller formation

‘ Fig 7 )

) o x : Earless uneffective tillers of
while EE that was most superior in tiller for- high order or of high position in an
"EE plant.

(cf. Table 21) had a few unmeffective tillers,

mation had many uneffective tillers: Fig 6.

In the yield at last, EE was considerably superior to MM, as shown in Table 24
and Table 25.

The results written as above show that the rice hill which could have a great
deal of tillers in the tillering stage of growth brought a great deal of uneffective
tillers and in return the much yield of grain in the last.

The crop—physiological reason of these results is presumably based on the sur-

vival of the vigorous tillers of low order or of low position which grow in the early
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Table 24 . AP
Grain yield (Janese sho per Japanese Tsubo) Table 25 Giain yield
MM, EM, EE; ME, ‘ MM | ME | EE | EMm
0.941 1.011 0.912- 0.976 i
941 | 1091 | 1003 894
ME, MM, EM3 EE, 879 888 | 1076 | 1011
1.091 0.879 0.918 0.984 947 915 912 918
: 950 976 984 955
EE, ME, MM EM,
1.003 0.888 0.947 0.955 Sum 3717 | 3870 3975 3778
EM; EE, ME; MM, Koku 2788 | 2.902 | 2981 | 2.83
0.8%4 1.076 0.915 0.950 per 10 a. 2 i

stage, for they become so effective as to be many in the number of spikelets. But
on the contrary, the rice hill consisted of tillers of miscellaneous vigorousity, even
though all of them are of low order or of low position, is never uniform in the size
of panicle, and must be small in the yield.

5. Summary

The plot—-expéeriments were carried out in paddy field, where MM (morning pic-
king and morning transplantation) was aiways inferior to EE (evening picking and
evening transplantation) in the point of tillers’ number, especially of their primary
number in the growth. And this was apt to be successively kept on the later stage
of the growth under favorable weather, for instance, in preliminary experiment, on
the number of ears and on the yield.

Under cool and cloudy condition, the superiority of EE to MM in the ‘number
of tillers at the stage of growth was not always kept on the later of it, but made
many tillers of high order and of high position to be uneffectively earless, then made
the yield consisted of survived effective tillers in EE, in return, be predominant to
that in MM, for because MM-hill producing few uneffective tillers included many
small ears in itself.

In both cases of MM and EE, the seedling which had superiority in rooting acti-
vity at the time of mixed planting overpowered the other so apparently that had
much ears at harvest than the other.

(Vi) DISCUSSION : :

In 1941 and 1946, kenkiti SATO pointed out in his experiments that the rooting
activity was responsible to the cultural circumstances, for instance, to the sown date,
the seed-bed period, the rate of sown density and so on.

The experiments carried out by Takane MaTsuo and OTHER (1949) showed
the amount of N. and C. in the leaves of rice seedlings were affected not only by the
rate of sown density and the sown date but also by continuous shade or continuous
light in the seed-bed period.

Such rooting activity and containing substances as mentioned above did not mean
the diurnal variation at all.

The experimental results in this papers shown by the present author points out
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the diurnal varjation of the rooting activity which responds not only to the artificial
cultural circumstances, for instance the type of seed-bed, but also the diurnal vari-
ation of micro-clima in the seed-bed; the seedlings of the present papers showed
apparent diurnal variation in rooting activity independently to the kind of habitat,
whether it was basin or coastal plain.

As one of characters of rice plant that varied diurnally, Yakiti NocuTI (1941)
pointed out its assimilatiag activity of CQO,. WILSON, BoGGEss, and KRAMER (1953)
studied on the diurnal fluctuations in the moisture content of some herbaceous
plants. The results shown by the present author also varied diurnally in the total
sugar percentage which rose to be maximum at the time of 14.00 in a day confor-

'mably to the NoguTtr's data.

According to present studies, the rooting activity of seedlings was affected mainly
by the dry matter or the’ total sugar content, and in part by a minor factor, for
which such instance as follows provides a substantiation. When a seedling being
contained comparatively low amount of sugar at the time of picking in the morning
could increase it somewhat in the process, of keeping in day-time by sunlizht, though
it was less than that picked in the evening, the rooting activity becomes so large as
to pass remarkably over that of seedling picked in the evening.

This suggests that the rooting activity is influenced mainly by the amount of
sugar content and to a little by others, for instance, perhaps, a kind of wound-
phytohormones.

Yoshio OHTANI (1950) reported about the effects of stamping upon the rooting
of wheat and barley, where the stamping or a wound on an aerial part of plant

rought the evident elongation of roots in the soil. Wounds by stamping on wheat
seedlings resemble exactly those by picking for rice seedlings. And in the present
experiment, the picking by hands done in the morning made the rooting accelerate.

So far as there concerns the wound to the rooting activity outside of the sugar,
the percentage of total sugar in the seedlings is not always parallel with the degree
of rooting activity, as seen in the present papers.

The effects of wound in this case is assumable to belong to such seedlings as
are kept during the day-time after the picking in the flooded seed-bed. Therefore
the wound-phytchormone, if it is, will have a close connection with the sunlight and
abundant water supply. .

The pruning the leaves in the report by K. SaTto (1942) promorted the rooting
of rice seedlings. But in his report was not mentioned at all abcut what time in a
day the pruning was done. According to the results of present papers, the optimum
time of pruning for the formation of wound-phytohormone must be a time in a
morning. .

The diurnal variation of rooting activity studied by the present author signifies
the diurnal variation of latent ability to root. The latent ability can be known in the
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appearance of renewed rocts. The methods employed to know the latent rooting
ability of rice seedlings was suggested by the experiment carried out by Kengo
YamamoTo (1951). i

The discussion has to go in the results in the field where the seedlings were trans-
planted. There has been no report concerning the role of transplanting time in a day
except the present papers. ; \

According to the present papers, the enforcement of rooting activity with the
application of optimum time for picking or transplantation accelerated the develope-
ment of tillers and consequently increased the number of tillers. But by the enfeeble-
ment of rooting activity, the development of tillers was retarded and consequently the
number of tillers was decreased.

In such a favorable year as most of tillers could emerge the ears, the increase
of the number of tillers induced the increase of the number of ears and of the yield,
but in the cool and cloudy condition the acceleration of the development of tillers.
breught an abundant earless uneffective tillers in rice hill. But in the latter case, grain
yield consisted of the remained vigorous effective tillers grown in early time was.
comparatively much. '

S. MatsusgiMa and OTHER (1953) reported that the uneffective tillers appea-
red in the maximum-tiller stage ceasing the elongation of leaf blade, especially in
the fertilized condition with nitrogen and in the dense planting. Also in this experi-
mental case by the present author, a similar condition was seen : the cool and cloudy
condition bréught on rice plant in paddy field the effect of surplus nitrogen, and the:
acceleration of the development of tillers brought on it the effect of dense plantings
so that the uneffective tillers might increase.

Recently the mechanism of competition among different genotypic individuals has
been studied and discussed (Toyokazu YAMADA and OTHER 1953, Kan-Ichi SAkar
1951 and 1952), and according to the present papers, the differences of rooting acti-
vities in the seedlings at the time of mixed transplantation were found to become one
of the factors affecting on competition. i.e. under mixed-planting, the seedling of
vigorous rooting activity acquired the dominance in the number of ears far over the-
other of weak rooting activity. ; 3

? (VIil) CONCLUSION

In the process of present experiment it was exhibited that the rooting activity of
rice seedlings was a response to the external environmental conditions especially to
sunlight or temperature at the time of taking by picking on seed-bed or transplan-
tation, and the performance of paddy depended as well upon the total sugar contents
or the dry matter of the seedlings as upon their rooting activity. With this instance,.
it is a plausible explanation that the performance of paddy depends fundamentally
" upon the sunlight and the temperature around the time of picking or transplan/tation,u
and physiologically upon the CO,- assimilation at that time.
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Thus, the useful seedlings which elevate the performance in grain yield must
contain great amount of sugar contents or abundant dry matter in leaves, whereas
have large activity of rooting at the time of picking or of transplantation. Such usefull
seedlings as above should be gain in the seed-bed in the afternoon, for the sunlight
and temperature may be supplied till that time; but if they were kept in flooded
seed-bed throughout a dark night, they diminish the contents by dissimilation.

The seedlings taken by picking early in the morning and kept in seed-bed throu-
ghout a fine day—time, are associated with a special root-promoting substance during
the keeping period, but can not so much elevate the yield as are expected due to
their low content of sugar.

These functional characters of rice séedlings variable with the time of picking
and of transplantation influence upon the interplant competition in the field, into which

the present papers inquired somewhat, and subsequently the studies on it have to be

undergone.
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<, Eh, KERTEORER,, REFESERTEOLE XD b, BRARCLOHEN,
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3) AHEARE AR RCIRE N A0 Th 53, HEOBEENMEGGEIL, FER
FID WD LRI DWEFED D 7o & T hS, KERESETIUE, WA HEENIEFL .
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10) HBEITOERL 2 OO E EFRMEL 7225, OB OBES ORI 2 I TEEICH
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