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ABSTRACT

Protein content of Korean native and currently
1ecommended varieties varied from 5.3% to 9.4%.
Higher protein content was shown in Indicas than
Japonicas and generally in the earlier varieties than
in the latter ones. Additional application of nitrogen
significantly ircreased the protein content, and

varietal difference in this response was noticed.

Delayed harvesting reduced protein content and |

denser planting induced higher protein content in

the brown rice.

INTRODUCTION

Any increase in the protein content of rice would
greatly enhance the nutritional status of Asians since
the rice is staple food of many Asian countries.
Interests to the varieties or lines havirg higher
contént of protein or more specifical’y having more
essentia’ aminoacids are growing recently, Juliano®>
reported that thedistribution of c¢rude protein content
was from 5 to 17% with the mode of 11% from the
7760 varieties aralyzed in his screening test. Cultural
environments such as planting datet’, locations®?,
soil fertility, fertilizer application??, and spacingsl9?
are also known to have influence on the protein
content of rice kernel. Obscure results are repor:ed
on the relationships between the protein content and
the cooking quality or eating preferences.

The purpose of this study was to obtain the infor-

mations on the varietal responses of protein content

to the different cultural environments.

MATERIALS AND METHODS

Experiment [ was planned to determine the varietal
differences in protein content of rice grain with 22
currently recommended varieties and 11 of Korean
native varieties. Ten out of these 22 recommended
varieties, are the introduced onss from Japan. The
seeds were sown on April 25 and seedlings were
transplanted on May 30. The amount of N, P, K
applied were 40, 50, and 60 kg/ha respectively as
the basal application and 40 kg/ha of nitrogen as
top dressing.

Total nitrogen in the grain was determined by the
Micro Kjeldahl method and the results were multiplied

- by 5.95 to obtain the crude protein content. Each

protein content was recalculated on 13% moisture
base.

Experiment II was designed so as to determine the
varietal responses in terms of protein content to the
amount of nitrogen application. Four varietiese
Jinheung and Kimmaze as Japonica type and T(N)1
and [R-8 as Indi‘_ca type were sown on April 25 and
transplanted on May 30. Three levels of nitrogen,
80, 120 and 160 kg/ha, were applied as 40% of the
basal and the rest 609 as top dressing. The amount
of P and K were 50 and 60 kg/ha, respectively same
as in Experiment [. All the Nitrogen blocks were
devided into 2 p'ots and one of them received organic

matter and lime, that is, 3750 kg of rice straw,



ard 1000 kg of lime with 30 kg of boric acid crystal
were applied besides nitrogen.

The me-hod of analysis arnd calculations Were same
as in Experiment I.

Experiment 111 was desigred to determire the eff-
ects of harvesting date on the pro‘e'n content of
rice. Sirgle variety Kimmaze grown in the plots
described in Experiment II was harvested on Oct.
10, Oct. 20, and Oct. 30 ard analyzed for the
protein. The other treatments ard methods were the
same as in Experiment II above described.

Experiment IV was planned to get the informa-
tions on the varieta. responses in terms of pyotein
content to the different planting densities. An Ird ca
vdriety, T(N)1, ard the Juponica variéties, Jirheung
and Patkwehg, were s2eded on April 25 and transpl
anted on May 30, in the distances of 30 ¢m x 15
cm, 25¢m x 15¢m and 20cm x 15¢m.80:50: 60 kg/ha

Table 1.

of N:P:X  were zpp ted as in Experimentf. The
other trea‘ments and methods were the same as in

Experiment I above described.

RESULTS

Varietal differences in protein content

Protein content of total 33 varieties under study
ranged from 5.3 10 9.49% with 6.58% in mean(Table
1).The group mean valucs of the Korean native,ofthe
home bred current and of the introduced current were
6.824:0.174,6.514+0.285 and 6.40 F 0.29
vely. Though there were no statistically significant

respecti-

differences among those group mesns, Korean native
showed the highest ard in‘roduced showed the lowest.

Among those 22 currently recommended varieties
the eailier variety had generally thehigher protein

content (Fig.1).

Protein content of brown rice of Korean native and currently recommended

vatrieties which were bred in Korea and introduced from Japan

Currently recommended

Korean native

Bred in Kovea

Introduced from Japan

Chtingsando 7% 7 Suwon £ €2 qei Shin# 2 7%
Daejangde 7.3 Poongkwang 6.7 Fuzisaka # 5 7.5
Daik #27 7.3 Jinheung 6.6 Shirogdne 7.4
Nadoshin 7.2 Soosong 6.6 Kusabue 6.5
Jokio 6.9 Kwanok 6.5 Norin %38 6.2
Daeryuk £3 6.8 Jagkun 6.4 Kinmnaze 6.1
Shin £ 97 6.8 Shinpoong 6.4 Ginbozoo 6.0
Phungyang 6.7 Palkum 6.3 Norin 4 25 5.7
Soemorizizang 6.4 Palkweng 6.1 Norin % 29 5.6
Daekwa'do 6.3 Paltal 6.0 Norin- £ 6 5.3
Jindg 5.6 Norgkwang 5.6

Hokwang 5.5
T 6.82 6.51 6.40
Sy 0.174 0.285 0.290
Max, 7.7 9.4 7.7
Min, 5.6 5.5 5:3
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Fig. 1. Correlation between heading date and

Protein content of 22 currently recom-
mended varieties of introduced varieties,
of home bred varieties.

Varietal response to the amount of nitrogeit
application

Average protein content of each variety was 6. 93%
in Jinheung, 6.8% in Kimmaze, 10.13% in IR-8,
and 9.95% in T(N)1 respectively. Average of four
varieties at the nitrogen level of 80 N, 120 N, and
160 N were 7.74%, 8.66%,and 9.00% respectively.
Slightly higher protein content was shown from the
plots subjected to the additional application of
organic matter with lime through all three nitrogen
leve's (Table 2).

Under the condition in which higher amount of
nitrogen was applied, Japonica varieties indicated
the reduced protein content by the application of
organic matters with lime. On the contrary, Indica

varieties showed the increased protein content by the

Table 2. Prctein content of brown rice of 4 varieties as affected by the crganic matter

and nitrogen applied.

80N 20 N 160N
Variety 120 \I\/;I'zr.
No Org. Org. No Org. Org. No Org. Org. can
Jinheung 6.5 6.4 6.8 7.0 7.8 7.1 6.93
Kimmaze 6.3 6.5 7.3 6.4 7.5 7.1 6.85
IR-8 8.3 10.4 9.9 11.0 10.1 11.1 10.13
T(N)1 9.0 8.5 10.3 10.6 10.2 11.1 9.95
N leve! mean 7.53 7.59 8.58 8.75 8.9 9.1 8.46
L.S.D. (for nitrogen ‘eve ) 59%=0.334 19%=0.486
(for variety) 5% =0.397 19%=0.470
zr application of organic matters with lime (Fig. 2).
Lur /ﬁg %gﬁ Effect of harvesting date of Kimmaze variety
f:'m ! /Nl grown in the plots same as in Experiment Il above
§9_ described and harvested on Oct. 10, Oct. 20, and
3 IR-8 OT‘(N\)IaNl on Oct. 30 are shown in Table 3. The average
§ 8r — o~ protein contents throughout three nitrogen lev:ls were
&7 gf ,___>}gg 6.81%, 6.57% and 6.45% for the ha-vested on Oct.
sl gl 10, Oct. 20 and on Oct. 30 respectively. That is,
| Kinmaze Jinheung : ) .
. ) the protein content was reduced as the harvesting
Otggmc Organic f;?gan_corganzc was delayed up to Oct. 30. The highest nitrogen
1

Protein content of brown rice of 2 Irdica
varieties IR-8 ard T(N)1 ard 2 Japonica
varieties Jirhcung and Kimmaze as affected
by the application of different levels of
nitrogen arnd organic matter.

N1=80 kg/ha, N2=120 kg/ha, and
N3== 160 kg/ha Nitrogen.

Fig. 2.

application ard organic matters with lime also caused
higher protein content but st the 160 N level, the

latest ha-vest caused slight
content (Fig. 3).

increase in protein

Effect of planting density on protein content
Generally closer spacings provided higher protein

.



Table 3. Protein content of brown rice as affected by the harvesting date.

Date 80N 120N 169N Date
Harvested No Org. Org. No Org. Org. No Org. Org. Mean
Oct. 10 6.8 6.8 6.6 6.8 6.9 7.0 6.81
Oct. 20 6.7 6.3 6.5 6.6 6.5 6.8 6.57
Oct. 30 6.7 6.1 6.2 6.6 6.3 6.8 6.45
N leve! mean 6.73 6.40 6.43 6.67 6.57 6.87 6.61

L.S.D. for harvesting date
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Fig. 3. Protein content of brown rice harvested

on different date, which rice was grown
urder different levels of nitrogen. 80N
=80 kg/ha,120. N=120 kg/ha, and 160
N=160 kg/ha of nitrogen applied.

DISCUSSIONS

Varietal difference

Though the protein content of a variety varies as
much as 6% in actual content depe-ding upon the
environment where it is grown ¢,7) the varietal
diffe-ence was more significant8). Those varieties
listed in Table I,excepta variety Suwon £ 82,showed
relatively low protein content, not over 8%. There
were no marked varietal differences which were less
than 2.4% in actual protein content. This probably
was caused by the selection for te~derness, cohesiv~
¢ness and for flavor among the breeding lines which
were having relatively closer relationships. As Onate
has reportedi?), in the selection of varieties for

tenderness, cohesiveness and flavor it may accompany

5%=0.286 1%=0.388
5%=0.281 1%=0.409

content in rice grain though there were no statistic-

ally significant differerces within the range of

densities tested here. The varietal differences were
again significant (Table 4).

Table 4. Protein content of brown rice as

affected by the planting spaces.

. Spacing(cm) L.S.D

Variety  30x15 25x15  20x15 Aver. (goy
Jinheung 6.8 7.0 6.8 6.87
Palkweng 7.5 7.4 7.7 7.53
(N1 9.1 10.1 10.0  9.73

Aver. 7.8 8.2 8.2 8.05 0.59

Kitol0>

the early varieties usually formed

simultaneously the low protein content.
reported that
protein rich kernels than the late varieties. In this
study also, the earlier variety generally showed the
higher protein content asseen in Fig. 1. But further
stuides are remained to be clarified, whe'her or
not those early varieties showing high protein coatent
would yield also the protein rich grains evea under
the conditions which their maturity were pOstpox}ed
until those late varieties would mature.

Indica varieties consistently showed higher protein
content than the Japonica varieties under different
nitrogen levels or different spacings. Similar
results were reported previously ¢).

Effect of aitrozen anl organic matters with

lime



Great varjability of protein content due to the env-
ironment was reported 9%.6) as much as 6% actual
protein content within a variety. Among the enviro
ments affecting p'ant growth,nitrogen applicationu~
is prominent. With wheat,previous workers reported

1,2,11 14} that the additional application of nitrogen

‘increased the protein content of wheat grain. For
the rice, Kito?’ reported that the grains from the
high nitrogen plot were richer in protein than
from

normally fertilized plot. In this study

too, as shown in Table I and Figure 2, additional

application'of nitrogen markedly increased the protein
' content throughout the rarge of applied amount. The
varietal resporse to the additional application of
nitrogen in terms of increased protein content,were
different deperdirg upon the variety. The Indicas
* showed greater responses than the Japonicas tested

" here.

Organic matter applied together with lime and boric
acid affected differently to the Indica and the
Japonica, especially when the high level of nitrogen
was applied. That is, Japonica varieties showed the
decreased protein content by the additional applicat-
ion of organic matter with lime while ths Irdicas,
increased. Schrenk 13) reported that the Calcium
application caused decrease inm protein content of
wheat grain while it increased the Calcium content
in the grain. The clarification of those contradictory
phenomenon will be remained to be worked out in
further studics.

Effect of harvesting date

Bressani3? reporied the constant decrease in nitro-
gen con‘ent of maize grain during maturation. Similar
results with sorghum was reporte@ by Webster 15),
IRRI reported that the rice planted in Novemb:r and
grown during the shorter day length period had higher
protein content in brown rice than planted in Decem-
ber and grown during the longer day-length period.
Kimmaze variety examined in this experiment grad-
ually reduced protein content inthe grain at the 80
At the
highest ritrogen level, for the variety, maturation
- was delayed, and by the time Qct. 30, the reduction

N and 120 N levels along the maturation.

of nitrogen in the grain was possibly hampered by

- Rt =

- low temperature.

Effect of planting density
Kitel0) rzported that the
protein rich kernels.

dense planting induced
26) also reported
The result obtainsd here
evidently shows the trend that the more dense planting

Yamazaki
similar results with wheat.

. the higher protein contedt is induced, though the
-individual variety was not always comsistent with

the trend. Extended further studies may bring better
understanding for the scope of variability in protein

. content along the varied densities.
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