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Efficiency of Soil and Fertilizer Nitrogen in
Relation to Rice Variety and Application
Time, Using 5N Labled Fertilizer®.
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Introduction

Newly bred Tongil line (JaponicaXindica hy-
brid selection) showed higher yield than the
leading local varieties in the countrywide NPK
simple trial? and such high yielding capacity
seems to be related principally to high nitrogen

efficiency®®. Since this nitrogen efficiency was
calculated by difference method the reassessment
by labeled method seems to be of worth. Furt-
hermore the labeled method will give better in-
formation about relation between fertilizer nit-
rogen and one from soils. This pot experiment
on split application was carried out together
with 5N top-dressing in fields® for the prelim-
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inary information among varietal characteristics
prior to the point and split application experi-
ment of labeled fertilizer in various farmers
fields.

Materials and methods

A pot (1/5000a2) experiment was carried out
by using *N labeled urea with Jinheung (Japo-
nica), Early Tongil and Yusin (Tongil line). A
poor silty loam soil (organic matter 1.04% and
nitrogen 0.085%) was used. !N urea (5 atom
%) was applied as solution on surface and pu-
ddled with a glass pole about 5cm depth. There
were two nitrogen split treatments, one 40, 30,
20, 10% split application at basal, maximum
tillering, ear formation and heading stage re-
spectively and the other two-split application(70

% basal and 309 at ear formation stage).

One seedling per pot was transplanted on 26
June. Three of total six replications were trea-
ted with N urea. There were also 3 replicat-
ions of no nitrogen treatment. Fertilizer rate
was 16kg/N/10a, Aerial part were sampled at
harvest and analysed as mentioned previously®.
A-value was also calculated”. Seil nitrogen in-
crement in plant (NS) was calculated by subt-
raction of total nitrogen uptake of no fertilizer
plot from total soil nitrogen in plant of fertilizer

plot.

Results and discussion

Yield components were shown in Table 1.
Yield was higher in 2-split than in 4-split
application for all three varieties. The 2 split
application was much more effective to Tongil

lines. Unusual effect of 2-split application

Table 1. Growth and dry matter yield of rice varieties in split application.

Leaf sheath Leaf Whole

Grain Harvest Panicle/ Spikelet/ Grain

and culm blade plant index . . weight

(g/hill) (%) hill panicle X10°

y Jinheung 26.8 19.8 8.8 55.4 48.4 17.3 225 26.9
(10-30-50-10y  Toneil 176 10.4 6.8 348 50.6 157 839  25.1
Yusin 23.6 13.6 9.6  46.8  50.4  14.7 1150 22.2

i Jinheung 30. 4 16.7 8.6 55.7 654.6  15.0 1196 22.7

(27_5_"363 Tongil 31.3 11.8 8.3 5l.4 60.9 18.3 1617 24.3
Yusin 34.0 15.0 1.4, 6L.0 56.7 217 1785 21.7

4-split: at transplanting, maximum tillring, ear formation and heading

2-split: at transplanting and ear formation

seems to be due to very low air temperature in
september, 1976. In such a year yield depends
much on the growth in early stage thus on the
introgen absorption of early stage.

15N excess % in whole plant was greater in
4-split application except Early Tongil (Table
2). Tongil is panicle and spikelet number type
and thus requires more nitrogen in early stage®.
Yusin is a sister variety of Tongil but many
characteristics are inbetween, especiallly in gr-
ain quality.

15N excess % in various plant parts was in

Table 2. N excess % of rice varieties in split
application.

Leaf
Grain sheath Leaf Whole
and 1o de plant
culm ¢ plan
) Jinheung 3.56 2.80 2.96 3.36
(40‘}531_’12‘3_10)ng1‘1 3.72 3.16 3.18 3.53
Yusin -~ 3.72 3.07 3.58 3.57
) Jinheung 3.36 2.66 2.92° 3.20
(27‘55’;& Tongil  4.00 3.20 3.22 3.8
Yusin 3.68 2.92 3.03 3.47
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decreasing order of grain)leaf blade)leaf sheath
plus culm as shown under the field condition®.’
The difference of nitrogen excess between grain
and leaf blade depends on absorption of N and
retranslocation of N to grain. If the N excess
% of grain depends more on retranslocation from
leaves than on the direct absorption to grain
through culm after heading the difference may
become larger, especially when the N absorp-
tion is relatively lower in the later stage. The
larger difference in 2-split application than in

4-split in Tongil and Yusin seems to agree with
such assumption and consequentlyindicates better
absorption of fertilizer nitrogen in early stage.

Percent nitrogen derived from fertilizer (Cf)
and .other nitrogen efficiencies were shown in
Table 3. In all three varieties and two applicat-
ion methods the Cf was greater than 70% ex-
cept Jinheung in 2-split. Such high percentage
of fertilizer nitrogen may be attributed to the
low fertility of soil. Cf was in order of grain)
leaf blade) leaf sheath plus culm. The percent

" Table 3. Various nitrogen efficiencies of rice plant measured by using N fertilizer

Cf(%) Tn Tof
G LS+C LB w (%) (%)

Jinheung 76.9 60.5 63.9 72.5 69.9 74.2

4-split Tongil 80.4 68.3 68.7 76.2 64.8 68. 4
Yusin 80.4 66.3 77.3 77.2 63.0 65.5

Jinheung 72.6 57.5 63.1 69.2 74.2 77.8

2-split Tongil 86.4 69.1 69.6 82.3 75.9 78.7
Yusin 79.5 63.1 65.4 74.9 70.0 74.2

Cf: Percent nitrogen derived from fertilizer in plant, G: Grain, LS+C:Leaf sheath-+culm,

LB: Leaf blade,
Tnf: Percent translocation of ¥N grain.

translocation of nitrogen to grain(nitrogen in
grainX100/nitrogen in whole plant) was greater
in BN(Tf) than in total nitrogen (Tn). The
difference between Tf and Tn was greater in
Jinheung than Tongil line with 4-split applicat-
ion and it was quite reverse with 2-split appl-
ication. This fact may indicate more direct fer-
tilizer absorption to grain in Jinheung with 4-
split in the later stage. Relatively greater diff-
erence of Cf or excess % of N between leaf
sheath plus culm and leaf blade in Jinheung
than in Early Tongil suggests Tongil develops
the better retranslocation system which appears
to be closely related to the fast retranslocat-
ion of 3?P from upper leaves to grain® due to
greater sink/source ratio?”, Retranslocation sy-
stem in Yusin may be much the same to Jinh-
eung as there was similarity in leaf senescence.

The use efliciency of fertilizer nitrogen when

W: Whole plant (Top), Tn: Percent translocation of nitrogen to grain,

calculated by difference method was about 5%
greater than that calculated by N (Table 4).
If exchange between *N and N in soils is ne-
gligible this 5% difference must be assigned to
an augmented uptake of soil nitrogen probably
due to fertilizer stimulated root growth. The
fertilizer use efficiency of Jinheung that has been
known as better adaptive to split application
was greater than that of Tongil under 4-split
but it was reversed under 2-split.

Fertilization efficiency(Fe; increased grain kg
per nitrogen kg applied), and absorbed fertilizer
nitrogen efficiency(Ef) were greater in Jinheung
than in Tongil line. This varietal difference is
somewhat reverse of the results from the field
experiment®. Such reverse results may be due
to difference in soil condition between pot and
field. The comparison between two systems ne-
eds. Weather factor due to the late transplant-
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Table 4. Various nitrogen efficiencies of rice plant measured by using N fertilizer.

Fe Eud Eu Efd Ef ANS  4NS/ A value
(%) (%) (mg/hilDNE N kg/10a
Jinheung 24.3  33.0 29.8 73.% 8l.6 30.8 10.6  6.07
4-split Tongil 101 27.2  24.3 37.2 41.7 387 12.2 5.00
Yusin 13.2  33.4 30.2 39.5 43.7 42,4 10.8 4.73
Jinheung 26.0 33.7 20.0 77.0 89.6 40.3 16.3 7.12
2-split Tongil 20.6 41.5 38.0 49.7 54.3  46.4 9.4 3.44
Yusin 21.6 39.1 33.5 55.3 655 729 16.7 5.36

Fe: Fertilization efficiency (grain kg/N kg applied), Eud: Use efficiency by difference method,
Eu Use efficiency N by method, Efd: Efficiency of absorbed nitrogen from fertilizer by
difference method, Ef: Ef by N method, Ns: Soil nitrogen increment due to fertilizer
application, Nf: Nitrogen derive from fertilizer.

ing may be concerned. The order of Fe, howe-
ver, followed the order of Cf regardless of va-
riety and application method (Table 4) as rep-
orted in field condition®,

Ef must be greater than Efd(Ef by difference
method) since Nfd (nitrogen derived from fer-
tilizer by difference method) is always greater
than Nf. Soil nitrogen increment due to fertil-
izer application(4Ns) ranged 31mg to 73mg per
hill and was much greater in Tongil than in
Jinheung. The ratio of 4Ns to Nf was almost
same between Jinheung and Yusin but quite
different in Early Tongil. 4Ns ranged 9 to 17%
of Nf. The A value was greater in Jinheung
than in Tongil line and did not show any con-
sistency between split application.

4Ns/Nf may indicate the interaction between
soil nitrogen and fertilizer nitrogen. Furtherm-
ore it may be an index of soil nitrogen use effi-

ciency by fertilizer nitrogen.

Abstract

Top-dressing pot experiment with N urea
was carried out by using three varieties. Two-
split application was much better for Tongil line
than 4-split. Fertilization efficiency (Fe), use
efficiency (Eu) and absorbed fertilizer nitrogen

efficiency (Ef) were much greater in 2-split

than in 4-split. The order of Fe followed that
of Ef. Grain yield and N excess % among
plant parts suggest that Tongil line uptakes fe-
rtilizer nitrogen much in early stage and retra-
nslocated well later. The order of soil nitrogen
increment in plant per fertilizer nitrogen in
plant (4Ns/Nf) might be an index of soil nitro-

gen use efficiency due to fertilizer.
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