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Introduction

Recently rice cultivation farming in Japan has been besieged with a
host of problems, both in the country and overseas. Nowadays, for farmers,
low-cost, labor saving cultivation of rice is one of urgent problems.
Therefore, it may be necessary to place much more emphasis on research of
no-tilled direct seeding or transplanting to promote the development of a
low-cost technology. However, there are still some technical problems in
no-tilled direct seeding culture of the rice plant: low percentage of seedling
establishment, low efficiency of applied N fertilizer, and difficulty for
poorly drained soil. On the other hand, the combination of the no -tillage
(NT) transplanting system of rice developed at the Ogatabranch of
Agricultural station , and a total single basal application of controlled
availability fertilizer (CAF) in a nursery box, developed by the Experimental
Farm of Tohoku University, could improve labor cost to a great extent by
eliminating tillage, puddling, top-dressing and the mid-summer drainage
process. However, this system was practiced only in poorly drained gley
soil, because this system is not suitable in highly percolated soil. However,
there are no studies about this system for light textured soil.

On the other hand, nowadays for farmers fhe quality of rice is
becoming a greater issue than quantity. However, currently, there is no
high quality rice and low-cost, labor saving cultivation method, which is
recommended for cultivation in cold regions.

Therefore considering the things mentioned above, the following
experiments were conducted I) Establishment of the no-tillage transplanting
cultivation of Hitomebore rice in different soil = conditions and II)
Establishment of cultivation methods of high quality rice "Hitomebore" in

cold regions.



I) Establishment of the no-tillage transplanting cultivation of
Hitomebore rice in different soil conditions.

No-tillage transplanting cultivation of high quality rice (Oryza sativa
L.cv. Hitomebore) was conducted using controlled availability fertilizer
(CAF) to reduce labor costs and environmental degradation on three
different paddy soils. The purposes of this chapter are to study 1) effects of
the no-tillage system on the oxidation— reduction condition of paddy soil, 2)
nitrogen uptake of the rice plant and efficiency of 'fertﬂizer nitrogen from
CAF, 3) growth characteristics and yield of rice, 4) effects of the no-tillage
system on soil physico-chemical properties , and 5) improvement of the
initial growth of the rice in no-tillage transplanting system. The results

obtained are summarized as follows.

I-1) Effects of the no-tillage system on the oxidation- reduction condition
of paddy soil.

Redox potentials at the 5 cm depth in the no-tillage system (NT)
remained relatively higher than those in the conventional tillage system
| (CT) with or without straw at the early growth stage (Fig,I-1). Reflecting the
difference of redox potential, the amounts of extracted Fe2+ and available P
in NT were lower than those in the CT with or without straw.
Considering the results of redox potential, extracted Fe2+ and available P, it
was concluded that the oxidative condition in the NT system maintains for
a longer time than that in the CT system.

I-2) Nitrogen uptake of the rice plant and efficiency of fertilizer nitrogen

The cumulative N release from the POCU S-100 was only 3-3.5%
during the nursery stage. After transplanting, the rate of N release from
POCU 5100 gradually increased during the tillering stage and young panicle
formation stage (Fig.I-2).



Nitrogen recoveries from POCU S100 in the NT and NTS system
were 77-79% and 78-83%, 61-73% and 66-78%, and 74-76% and 80-81% for
light clay soil, sandy loam soil and clay loam soil, respectively. Which is
around 66-96% of the nitrogen released from CAF. On the other hand,
nitrogen recoveries from ammonium sulfate applied as basal fertilizer in
the CTS system were 35-43%, 20-29% and 23-32% for light clay soil, sandy
loam soil and clay loam soil, ‘re'spectively. Whereas those applied as top
dressing were 50-83%, 49-73% and 40-65% (Fig.I-3). These data indicate that
the application of POCU S100 in the nursery box for the NT and NTS
system increases the recovery of nitrogen from fertilizer to a great extent
in comparison with ammonium sulfate in the CTS system, and thus could
reduce remarkably environmental degradation caused by fertilizer
nitrogen.

I-3) Growth characteristics and yield of rice in three different paddy fields.

The tillering capacity of the rice plant in the NT transplanting system
was smaller than that of the CT transplanting system. However, the
percentage of productive tillers was larger in the NT transplanting system
in all types of soil. The numbers of productive tillers per m2 of NTS
treatments of all types of soil were larger than those of NT treatments
(Fig.I-4). The leaf color values of rice plant at early growth stage in NT
transplanting system were lower than those of CT transplanting system.

The yields of brown rice of NT and CT treatments were 5.58-5.93 and
5.67-6.07 ton/ha, 5.47-6.35 and 4.68-6.60 ton/ha, and 5.18-6.34 and 4.13-6.74
ton/ha in light clay soil, sandy loam soil and clay loam, respectively (Fig.I-
5). Comparing the averaged yield over two seasons, NT treatments
produced -1%, 8% and 25 % higher grain yield than did CT treatments in
light clay soil, sandy loam soil and clay loam soil, respectively.

1-4) Effects of the no-tillage system on soil physico-chemical properties.



'l;he soil organicC at 0-2 cm depth in NTS treatments of light clay soil
and clay loam soil after 2 years of the NT transplanting system were
significantly higher than those in NT, CT and CTS treatments (Fig.[-6).Total
N concentrations closely followed the pattern observed for organic C in all
types of soil studied.

Soil penetration resistances (SPR)at the top 0-5 -cm and 5-10-cm
layers in all types of soil were significantly higher in NT treatments than in
CT treatments, which means in the NT system much more adequate
machjnery work could be done regardless of climatic conditions (Fig.I-7).

Percolation rates of the NT system were 4, 14 and 18 mm per day in light
clay soil, sandy loam soil and clay loam soil, respectively. Whereas those of
the CT system were 0, 7 and 12 mm per day (Fig.I-8). However, percolation
rates of the NT system were still less than 20-30 mm per day, which is
recommended as an adequate percolation rate for high yielding paddy
soil.This lower percolation rate in sandy soil was verified by the results of
the percolation rates of 8 representative sandy paddy fields located in
natural levee of Eai river, Furukawab(Table I-1 ). It was found that the
averaged percolation rate inside the cylinder was 7 mm per day, which was
only one third of that outside the cylinder. A large portion of the irrigation
water was lost due to surface runoff. However, they were still less than the
value recommended. Therefore, it seems that after CT practice, the NT
transplanting system by using CAF is highly feasible even in light textured
sandy paddy tields.

I-5) Improvement of the initial growth of rice in the no-tillage transplanting
system
POCU -10 or POCU -30 (short release type of CAF) in combination with

POCU S100 was remarkably more effective in increasing the number of



tillers than those in the POCU S treatments (Fig.I-9), reflecting the rapid
release of N from POCU -10 or 30 at the initial growth stage.

The N recoveries from the linear type of POCU 10 and POCU 30 at
the young panicle formation stage were 41 and 30 %, 35 and 27%, and 33 and
34%, in light clay soil, sandy loam soil and clay loam soil, respectively. At
the harvest time, they were 53 and 53%, 69 and 53%, and 51 and 68% in
light clay, sandy loam and in clay loam , respectively (Fig.I-10).

The yields of brown rice of NT 30 and NTS 30 were almost the same or
higher than those of NT or NTS, whereas those of NT 10 or NTS 10 tended

to be lower because of a fewer number of spikelets per m2 (Fig.I-11).

From above results, it is concluded that the shifting from the CT
system to the NT transplanting system of rice cultivation by using
controlled availability fertilizer in a nursery box is highly feasible, not only

in heavy textured soil, but also in light textured soil.

II) Establishment of cultivation methods of high quality rice
"Hitomebore'" in cold regions.

Establishment of cultivation methods of high quality rice (Oryza sativa
L. cv. Hitomebore ) in cold regions using pot mature seedling, was studied
with special reference to quality of rice and labor saving, and following
experiments were conducted at the Experimental Farm of Tohoku
University ( Kawatabi, Naruko, Tamatsukuri, Miyagi prefecture)
1) Improvement of the heading time of "Hitomebore" rice in cold regions.
2) Establishment of cultivation methods of "Hitomebore" rice in cbld

regions



3)Establishment of no-tillage transplanting cultivation of "Hitomebore"
rice with a single basal application of CAF in pot seedling boxes in cold
regions.

I1-1) Improvement of heading time of high quality rice "Hitomebore" in
cold regions.

The heading date of rice in pot seedling plots ( 4.8-6.2 of leaf age ) was 5
days earlier than those in mat seedling plots (3.7-4.3 of leaf age). The
cumulative temperatures for 40 days after the heading of rice in pot
seedlings were 20-26 °C- higher than those in mat seedlings (Table II-1). The
early transplanting of pot seedlings of Hitomebore rice on the 7th of May,
put forth its panicles 5 days earlier than that of the late transplanting on
the 14th and 21st of May. Late transplanting of pot seedlings decreased the
number of leaves per shoot (15.2 and 14.7 in ~1992 and 1993, respectively)
when compared to earlier transplanted ones (16.0 and 15.0 in 1992 and 1993
respectively) (Table II-2). The cumulative mean air temperature for the 40
days after heading of the rice in the pot seedlings plot was 9-32 °C greater in
earlier transplanting than that in late transplanting (Table II-2).

Therefore, improvement of the heading date of Hitomebore in cold
regions could be highly possible by early transplanting of pot mature
seedlings.

I1-2) Establishment‘ of cultivation methods of high quality rice
"Hitomebore” in cold regions by using pot seedlings.

The number of leaves per main culm was larger in the pot seedling plot
than that of the mat seedling plot (Fig.II-1).The tillering capacity of pot
seedlings was smaller than that of mat seedlings, but the percentage of
productive tillers was larger in pot seedlings (Fig.II-1). The nitrogen

percentages of each part of the rice grown in the pot seedling plot were



lower than those in the mat seedling plot (Fig.II-1). The nitrogen
percentages of both panicle and milled rice of the pot seedling plot were
lower than those of the mat seedling plot (Fig.II-2), and therefore the
quality of milled rice was improved on the basis of nitrogen content. Yields
of rice in the pot seedling plot ranged from 4.45- 6.79 t/ha. The highest yield
" of the pot seedling plot was obtained in POCU dense planting cultivation,
which was statistically similar to the highest yield of the mat seedlings
(Fig.II-3).

Therefore, the yield and quality of Hitomebore rice in cold regions can
be improved by pot mature seedling cultivation in combination with

Polyolefin Coated Urea and dense planting.

II-3) Establishment of no-tillage transplanting cultivation of high quality
rice "Hitomebore" with a single basal application of CAF in pot seedling box
in cold regions. 7

The linear type of POCU 30, in combination with POCU $100 and
POCU SS100 as a basal fertilizer, increased the number of tillers at the
initial growth stage (Fig. II-4). The result of heading time of pot seedling
was same as in 1992 and 1994. The brown rice yields of all the NT systems
POCU (5100 +30), POCU S100 , POCU (SS100+30) and POCU 55100 were
5.23- 6.16 t/ha, which was quite a high yield compared to that of the POCU
5100-CT system ( 4.52 t/ha) (Fig. II-5)-

From above results , it was concluded that the no-tillage transplanting
system of pot seedlings with a single basal application of POCU 5100 or
POCU S5100 in combination with POCU 30 in a nursery box, is a suitable
method for improving both the quality and quantity of rice, and labor cost

in cold regions.



Chapter-I: Establishment of no-tillage transplanting cultivation of

"Hitomebore "rice in different soil conditions
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Chapter -II: Establishment of cultivation methods of high quality rice

"Hitomebore" in cold regions.

Table li-1.

Effects of leaf number at the transplanting time of different types of seedlings on number of feaves

per shoot, heading date, and cumulative mean air temperature from transplanting to heading and for 40 days
after heading.

Cumulative mean air temperature (C)

Year Type of Leaf number at | Total leaf number / Headfng
seedlings transplanting time main culm date Sowing to | transplanting to For 40 days
transplanting| heading date after heading
13992 Pot mature seediings 4.8 16.0 9th Aug. " 830 1667.1 847
Mat seedlings 4.3 15.3 t4th Aug. S32 1748.3 821
1993 Pot mature seedlings 5.7 15.0 18th Aug. 791 17423 768
Mat seedlings 3.7 14.6 23th Aug. 561 1847.5 744 -
1994 Pot mature seedlings 6.2 15.8 31st July. 830 1540.0 387
Mat seedlings 3.8 14.3 4th July. 600 1621.9 967

Table II-2. Effects of transplanting time of pot seedlings on number of leaves per shoot, heading date,
and cumulative mean air temperature from transplanting to heading and 40 days after heading:

Curnulative mean aif temperature (C)
Year |Transplanting | Leaf humber at | Totalléaf number / | Heading ' : o
time transplanting titre mhain ¢ulm date Transplantihg to For 40 days
. , o ] ) ‘heading daté’ after heading
1992 7th May 4.8 16.0 9th Aug. 1667.1 847
14th May - 4.8 15.2 10th Aug. 1614.0 838
1993 7th May 5.7 "15.0 18th Aug. 1742.3 768
14th May - 5.3 14.7 22th Aug 1730.0 749
21st May 5.3 15.0 24th Aug 1687.5 736
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Fig.ll-4. Growth characteristics of pot seedlmg
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