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Abstract

The effect of linear type of polyolefin coated urea (POCU) 10 or 30 in
“combination with sigmoid type of POCU 8100 in the nursery box on the improve-
ment of the initial growth of rice in no-tillage transplanting system was studied in
light clay soil (alluvial soil) and clay loam soil (Andisol) in Miyagi prefecture,
Japan. POCU-10 or POCU-30 (short release type of POCU) in combination with
POCU 8100 was remarkably more effective in increasing the leaf color value and
the number of tillers than those in the POCU s100 treatments, reflecting the rapid
release of N from POCU-10 or -30 at the initial growth stage. POCU-10 or
POCU-30 in combination with POCU s100 increase the dry matter yield at young
panicle initiation stage. The N recoveries from the linear type of POCU-10 and
POCU-30 at the young panicle initiation stage were 41 and 309, and 33 and 349,
in light clay soil and clay loam soil, respectively. At the harvest time, they were
53 and 53%,, and 51 and 689%, in light clay soil and in clay loam soil, respectively.
The yields of brown rice of NTS 30 were almost the same or higher than those of
NTS, whereas those of NTS 10 tended to be lower because of a fewer number of
spikelets per m?.

key words : Initial growth, No-tillage transplanting system, *N, Polyolefin
coated urea, Rice.

The no-tillage (NT) transplanting system of rice with a single basal applica-
tion of sigmoid type of controlled availability fertilizer (CAF) in a nursery box
had been practiced. However, in this system, slower release of N from sigmoid
type of polyolefin coated urea (POCU 5)-100 and lower N mineralization from
no-tilled soil cause slower growth of rice at the initial growth stage, and thus may
reduce the grain yield on the Pacific Ocean side of the Tohoku district. Conse-
quently, farmers are not so interested in this method for their rice production

Part, of this work was presented at the annual meeting of the Japanese Society of Soil
Science and Plant Nutrition in April, 1996
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because of the slower growth of rice at the initial growing stage. Kaneta et al.
(1) and Phillips et al. (2) reported that the native soil nitrogen of the NT system
has a lower mineralization rate as compared to conventional tillage. Therefore,
the improvement of the initial growth of rice in the NT transplanting system is
very important to overcome the above problems. The objective of this experi-
ment is to improve the initial growth of rice in no-tillage transplanting system in
two paddy soils.

Materials and Methods

Field experiments were conducted during 1995-1996 on clayey alluvial soil at
Furukawa (flat area) and Andisol at Kawatabi (hilly area), Miyagi prefecture,
Japan. Rice (Oryza sativa. L. cv. Hitomebore) was used as a test crop. The clay
alluvial soil and Andisol is classified as fine textured strong glay soil and humic
wet Andosols, respectively (Classification of Cultivated Soils in Japan (3)). The
texture of clay alluvial soil and Andisol was light clay and clay loam, respective-
ly. Three treatments NT with straw (NTS), NTS 10 and NTS 30 were tested in
three plots. Sigmoid type of POCU (Polyolefin Coated Urea) s100, as a source of
CAF was used as a single basal application of total nitrogen of 70 kg N ha™' in a
nursery box at the time of sowing for NTS treatments, and the rate of these
fertilizer was 50 kg N ha~! for NTS 10 and NTS 30 treatments. Linear type of
POCU-10 or POCU-30 at the rate of 20 kg N/ha was also broadcasted by hand on
the surface of the seedling box just before transplanting for NT'S 10 and NTS 30
treatments. No-tilled fields were sprayed with 4.1 L a.i. ha™! of Isopropyl ammo-
nium=N (phosphomethyl) glycinide at 20 days before transplanting. The
experimental fields were submerged in water 10 days before transplanting. Rice
straw was scattered on the surface of soil. Planting density was 24.2 hills m~* (30
cm X 13.75 cm).

Linear type of »*N polyolefin coated urea POCU 10 and 30 (3.21 atom %, of
15N POCU-10 and 3.23 atom 9, of >N POCU-30) were used for determining the
efficiency of these fertilizers. Three micro plots (30 cmx 30 cm) were used for
each fertillizer, and each micro plot contained two hills of rice. Five seedlings
were transplanted per hill.

Leaf color of completely developed uppermost leaf of the main culm of the 9
selected hills was measured by chlorophyll meter (Minolta Co. Model SPAD-502).
Number of tillers, and yield components of 9 selected hills in each plots were
recorded. Grain yields of 35 hills of each plot were recorded at harvest.
Nitrogen content of POCUs 100 was measured by the spectrophotometric method
of Watt and Chrisp (4). At young panicle initiation stage (12th July) and at
harvest, six averaged hills from each plots per treatment were sampled and
separated into leaf blade, leaf sheath and stem, and panicles. Kach part was
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oven-dried at 70°C for 48 h, and weighed Total N of each part of plant (leaf blade,
leaf sheath and stem, and panicles) was determined by the method of Bremner and
Malvaney (5). N content of samples were analyzed by using JASCO SN
analyzer (MODEL N-151).

Standard deviation and least significant difference (LSD) was used to deter-
mine significant differences among treatment. Statistical significance was
accepted at 5%, level.

Results and discussion

Cumulative N release

The cumulative N releases from the CAF (POCU s100 and POCU-10 or -30)
with time during the raising of seedlings and throughout the growing period at
Kawatabd, in 1995 and 1996 are shown in Fig. 1. The cumulative N releases from
the POCU s100 were only 3.5%, and 3.8%, during the nursery stage in 1995 and
1996, respectively. After transplanting, the rate of N release from the POCU 5100
gradually increased throughout the tillering stage and the young panicle forma-
tion stage. However, the releases of N from POCU s100 after 30 days of trans-
planting were only 6.5%, and 259, in 1995 and 1996, respectively. Therefore, it
is very difficult to supply the necessary amount of N to rice at the early growing
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stage by using just POCU s100. However, the releases of N from POCU s100 after
transplanting in 1996 was faster than those in 1995, and might have an effect on
the growth of rice. On the contrary, the N releases from POCU-10 after 6 days of
transplanting were 64 and 529%, in 1995 and 1996, respectively. Finally, after 19
days of transplanting, these were about 979, in both years. On the other hand,
the cumulative N releases from the POCU-30 at 6 and 19 days of transplanting
were 199, and 18Y%,, and 509, and 499, in 1995 and 1996, respectively. This N
release from POCU continued up to 60 days after transplanting, which might have
an effect on the dry matter yield, N uptake and growth of the rice plant.

Leaf color value

The effects of the linear type of POCU-10 or -30 on leaf color value of rice
plants at the early growth stage in 1995 and 1996 are shown in Table 1. The leaf
color values of rice plants at the early growth stage in NTS 10 and NTS 30
treatments were significantly greater than those of NTS treatments in both types
of soil, reflecting the releasing characteristics of linear type of POCU-10 and
POCU-30, which may affect the number of tillers per unit area.

Number of tillers per m?*

The effects of the linear type of POCU-10 or -30 on number of tillers/m? of
rice plants at the early growth stage in 1995 and 1996 are shown in Table 2. In
1995, it was found that the rice plant in NTS 10 and NTS 30 treatments of light
clay soil produced a larger number of tillers per m* than that in NTS treatments.
In 1996, there was no clear difference in the number of tillers per m* among the
treatments because of faster release of nitrogen from POCUs100. Similar results
were obtained in clay loam soil.

From these results, it was clear that the linear type of POCU-10 or POCU-30
in combination with POCU 5100 increased the number of tillers/m* compared to
that of POCUs100 only. Although, this effect was more prominent in 1995 than
that in 1996 in all types of soil. Normally, the nitrogen release from POCUs100
depends on soil temperature. It seems that the soil temperature during the
nursery stage was larger in 1996 than that in 1995. Therefore, the N release from
POCUs100 in 1996 after transplanting was faster than that of N release from
POCU in 1995. For these reason, it seems that the faster release of N from
POCUs100 may compensate the requirement of N at the initial growth stage of
rice after transplanting in 1996.

Dry matter production

The total dry matter of the rice plant at young panicle initiation stage in 1995
and 1996 is shown in Fig. 2. In 1995, the dry matter yields of the rice plants in
NTS 10 and NTS 30 treatments were significantly greater than those in NTS
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Fic. 2. Effects of linear type of POCU in combination with POCU 5100 on dry
matter yleld at young panicle initiation stage. NTS: No-tillage with rice
straw
1995 4, 1996

treatment in both types of soils. In 1996, there was no significant difference of
dry matter yield among the treatments in light clay soil. However, in clay loam

soil, the day matter yields of NTS 10 and NTS 30 were significantly greater than
those of NTS treatments.

Recovery of controlled availability fertilizer
Recoveries of '*N POCU-10 and POCU-30 in NTS treatments are shown in
Fig. 3. The N recoveries from the linear type of POCU-10 and POCU-30 at the
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Light clay (Alluvial soil)
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Fie. 3. Recoveries of linear type of polyolefin Coated Urea by rice plants
POCU 10 and 30-Linear type of Polyolefin Coated Urea
B At young panicle initiation stage At harvest time

young panicle formation stage were 419, and 309, and 339, and 34%,, in light clay
soil and clay loam soil, respectively. At the harvest time, the N recoveries from
the linear type of POCU-10 and POCU-30 were 53%, and 53%, and 519, and 68%,
in light clay soil and in clay loam soil, respectively. From the Fig. 1, 1t was
found that almost all of the nitrogen of POCU-10 or -30 was released by the
panicle initiation stage. However, the N recoveries from the linear type of
POCU-10 and POCU-30 at these stages were about 30-409%,, and the N recoveries
from the linear type of POCU 10 and POCU-30 were increased by the harvesting
stage. It seems that the rapid decomposition of straw in the NT system may
cause temporary immobilization of fertilizer N by encouraging the microbial
activity at the early growth stage. However, in the long run, there will be an
increase in the contents of soil *N due to mineralization of **N fixed by micro-
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organisms.

Grain yield and yield components

Effects of linear types of POCU on brown rice yields are shown in Fig. 4. In
1995, the highest brown rice yield was obtained from NTS 30 treatment in light
clay soil (5.73 Mg/ha), which is statistically the same as the yield of NT'S and NTS
10 treatments (5.59 and 5.62 Mg/ha). In 1996, the grain yields among the treat-
ments were not statistically different. However, the highest yield was obtained
from NTS treatment (6.37 Mg/ha).

In clay loam soil, in 1995, the highest grain yield was obtained in NTS 30
treatments (5.82 Mg/ha). However, 1t is statistically similar to that of NTS
treatment. The grain yields of NTS 10 (4.82 Mg/ha) treatment were statistically

_ o LSD=0.36(1995)
Light clay (Alluvial soil) LSD=0.43(1996)
8=
EG' . a a a a a
o N . \ N
SiI= = =
=3 X N\ N
o 21 &\\\\\\‘ NN ‘ \
NTS NTS 10 NTS 30

Clay loam (Andisol)

Yield (Mg/ha)
+

NTS

Treatments

Fic. 4. Effects of linear type of POCU in combination with POCU 5100 on yield
of brown rice
NTS: No-tillage with rice straw ; POCU : Polyolefin Coated Urea.
19955, 1996
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TaBLe 3. Effects of linear type of POCU on yield components of rice

Number of Number of % of ripened
Soil types Treatments I\i,l:lril(l;}l:)ezl}r(;lfz spikelets/ spikelets/m? 1£20 }iernel ° grains/
P panicle (><1,000) 1ght (g) panicle

1995 1996 1995 1996 1995 1996 1995 1996 1995 1996

Light clay NTS 441 493 67 64 296 316 231 235 819 859
(Alluvial ~ NTS 10 477 456 61 68 291 310 232 234 833 857
soil) NTS 30 513 483 62 69 318 333 233 233 773 84
LSDat5% — — — - - - - - 43 —
Clay loam NTS 440 470 66 68 29.0 320 237 234 1796 813

(Andisol)  Npg 10 413 500 61 67 252 335 238 235 802 845
NTS 30 439 459 65 73 285 335 238 237 856 853
LSD at 5% — 104 — — — -

NTS: No-tillage with rice straw
LSD: Least Significant Difference

lower than those of other treatments. In 1996, the brown rice yields of NTS 10
and NTS 30 treatments were higher than those of NTS treatments. However,
there were no significant differences of brown rice yields among the treatments.

The effects of the linear type of POCU-10 or -30 on yield components in 1995
and 1996 are shown in Table 3. There was no significant difference in the number
of productive tillers per m? at harvest time among the treatments. In light clay
soil, the number of spikelets per m? in 1995 and 1996 among the treatments was
not statistically significant. However, the numbers of spikelets per m? in NTS 30
- were greater than those of NTS 10 and NTS treatments. There were no definite
effects of the linear type of POCU-10 and -30 on thousand kernel weight. The
percentage of ripened grains per panicle was statistically significant only in 1995.
However, there were no definite effects of the linear type of POCU-10 and -30 on
percentage of ripened grains per panicle.

In clay loam soil, the linear type of POCU-30 in combination with POCUs100
increases the number of spikelets per m? more than those of the POCU s100. The
thousand kernel weight in NTS 10 and NTS 30 were almost the same as NTS
treatments. The percentage of ripended grains per panicle in clay loam soil were
also similar among the treatment.

Overall, the numbers of spikelets per m? for NTS 10 treatment were lower
than those of NTS 30 treatments, which might have an effect on brown rice yield.

It was found that the release of N from POCU-10 repidly increased at the
early growth stage. It seems that the rice plant can readily absorb the necessary
N at the early growth stage, which might increase the leaf color value, number of
tillers per unit area and dry matter yield. The release of N from POCU-30
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continued up to the young panicle formation stage. As a result, the number of
spikelets per unit area for POCU-30 treatments were increased and ultimately
increased grain yield.

From the above results, it may be concluded that the plots applied with
POCU-30 tended to increase brown rice yield, but that of POCU-10 reduced grain
yield because of a fewer number of spikelets per m?. This may be improved by
changing the ratio of POCU-10 to POCUsl00 or by top dressing of nitrogen
fertilizer at the late growing stage.

From the above results, it is concluded that the application of the linear type
of POCU-10 or -30 in combination with POCUs100 in the no-tillage transplanting
system 1is highly effective for initial growth or rice.
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